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FORWARD
 

The proceedings of the first international conference of the Institute
 

for The Study of Free Enterprise Systems, which took place at the Buffalo
 

Hilton in Buffalo, NY, on May 27 - 29, 1988 are presented in this and an
 

accompanying volume. During the conference, eight original papers on
 

economic development were presented and each of these was critiqued by two
 

discussants. The full texts of the papers and discussant's comments 
are
 

presented in the accompanying volume, while this volume contains the opening
 

remarks to the conference by Ambassador Alan Woods, Administrator of the 

U.S. Agency for International Development, an introduction to 
the conference
 

proceedings, and a summary of the papers and discussions, both written by the
 

authors of this volume.
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PREFACE:
 

THE CHALLENGE OF ECONOMIC DEVELOPMENT THROUGH FREE ENTERPRISE
 

Remarks of the A.I.D. Administrator Ambassador Alan Woods to
 
the first international conference of the Institute for the
 
Study of Free Enterprise Systems". Buffalo, New York. 
May
 
27, 1988
 

I'm delighted to be here for the Institute's first international
 

conference. A.I.D. is 
proud to have been a part of the establishment of the
 

Institute for the Study of Free Enterprise Systems, and I am particularly
 

pleased that you have chosen to focus on the problems developing countries
 

are facing.
 

Your work can be very important for developing countries. These nations
 

have much to gain from economic policies and practices that bring out the
 

best in individuals and lead nations to prosperity.
 

Our own adherence to market principles and to a free enterprise vision
 

keeps America on a prosperous course. Our economy is growing today and we
 

are enjoying the longest peacetime expansion in U.S. history. As this
 

morning's paper reported, we grew at 3.9% in the first quarter of this year. 

Since 1982, we have created nearly 15 million new jobs and unemployment is at 

the lowest level in a decade. 

That's good news for us, and it's good news for other countries as well:
 

America does not stand alone in the world. 
Our recession in the early 1980's
 

sent economic shock waves around the world, and the economic performance of
 

other countries matter to us, because when other countries have poor economic
 

growth and heavy debts, they cannot afford the things we want to sell them.
 

The truth of the matter is that economic failure has been the rule, not
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the exception, in developing countries. 
In 35 of the poorest countries in
 

the world, the average per capita growth rate for the past twenty years has
 

been .4%, just about zero. 
If you project those figures forward, it means
 

that between 1588 and the year 2050 per capita incomes will rise $66 dollars
 

total! 
What it really means is that millions and millions f people are
 

going to live in abject poverty and millions of others will die.
 

If the developing countries continue to stagnate economically, while
 

America, Europe and Japan grow, then the gap between us won't close, 1ut
 

rather it will get bigger, a lot bigger.
 

In addition, the rapid population growth and a steady pace of
 

urbanization in these countries make their development problems more complex.
 

The circumstances in these countries demand our attention. 
Left unattended,
 

they are 
the breeding ground for political unrest.
 

In 1981 President Reagan met with the leaders of 22 developing countries
 

in Cancun, Mexico, to talk about the importance of economic growth. 
He told
 

them of our commitment to help them achieve a better, brighter future. 
 He
 

spoke of their responsibility for development saying:
 

"History demonstrates that time and again 
-- in place after place 

economic growth and human progress make their greatest strides in 

countries that encourage economic freedom." 

When we speak of economic freedom, we mean a reliance on individLual
 

initiative, competitive markets, and open trade. 
That freedom exists in
 

America. 
It also underlies the economic successes of post-war Europe and
 

Japan. Those same principles have been put to work, and have stimulated
 

impressive economic growth, in Taiwan, Singapore and Hong Kong.
 

In contrast, many of the problems developing countries have can be
 

traced to the fact that they regulate their economies rather than letting
 

market forces and individual enterprises work to generate growth. 
Since
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Cancun, many developing countries have begun to consider what they can do 
to
 

improve their ecenomic performance. They are starting to consider market
 

solutions.
 

We have been working closely with many of these countries: helping them
 

to identify macro-economic and sectoral policies that are holding back
 

growth. I am pleased to report that on 
the policy front there have been
 

some progress. For example: 
 Exchange rate policies, once major problems for
 

Costa Rica and Guatemala, have been changed. 
In Bangladesh, fertilizer prices
 

have been decontrolled. 
In Mali, we are working with the government to
 

liberalize the cereals market.
 

Governments around the world are also examining opportunities for
 

privatization, opportunities to transfer government-owned and operated
 

businesses into private hands. 
On a recent trip to Jamaica I saw results of
 

some of that c~untry's privatization efforts. The privatization of the
 

National Bank of Jamaica and a cement company are giving responsibility to
 

more people and strengthening their stake in the economy. 
Thirty million
 

shares of stock were sold as 
part of the privatization of the National Bank,
 

to 2,000 employees and thousands of other buyers. 
When the cement company
 

went private 91 million shares were bought by 24,000 people. 
These people
 

were teachers and civil servants, people who had never owned a piece of
 

their economy before.
 

Similar changes 
are underway in a wide range of developing countries.
 

Yet as 
we work with these countries, promoting a free enterprise approach, we
 

continue to find problems that have not been adequately examined or
 

addressed. What we are finding is tLat even where there is 
a private sector,
 

free enterprise as 
we know it does not always exist. Words like capitalism,
 

private sectoL, and, to a somewhat lesser degree, free markets and free 
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enterprise mean something quite different in developing countries than they
 

do here. Ideas we believe in get 
a bad name when they are corrupted and used
 

to make a few families rich, while locking a lot of other people out of
 

developing country markets. 
Such experiences have contributed to the
 

political upheavals in the Philippines, Haiti, Iran, and in Nicaragua.
 

What capitalism and the private sector have come to mean in some
 

developing countzies is favoritism and corruption: crony capitalism that
 

forces you to take on a particular firm as a partner if you want an import
 

license, or makes you buy inputs from a monopoly supplier whose cousin is 
a
 

minister. 
These practices result in narrowly based commercial and industrial
 

sectors, and political alliances and regulation that protect the favored few.
 

These problems warrant our attention. 

Setting developing countries on a path toward broad-based economic 

growth clearly means more than adjusting macro-economic policy and selling
 

off a few government-owned enterprises. 
 It means creating a vision of an
 

open economy, a vision that doesn't exist today. 
It means helping countries
 

to identify the obstacles to economic participation, obstacles that lock the
 

ordinary citizen out of the game. 
We have an obligation to make a 

distinction between private enterprise as these countries have known it, and 

the kind of free enterprise system we are promoting. 

Economic growth is broadly based at home, because everyone can get in 

the game. There are few barriers to starting up a business in America. 

That's why we have 5 million businesses, and 700,000 new business starts
 

every year. About 85% of us work in the private sector, and even those of us
 

who don't run businesses can easily acquire an ownership stake in our
 

company. Nearly 1 out of every 4 of us 
owns stock in some American company.
 

Barriers that prevent economic participation and broad-based growth can
 

be found all over the developing world. Barriers exist in countries that
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claim to operate on free market principles, and to an even greater degree in
 

societies that claim that socialism is the way to ensure the well being of
 

people. Barriers -an be found in the legal systems of these countries, in
 

their regulations, and in their financial systems, and they can be seen in
 

people's attitudes, their sense of futility and in their lack of skills.
 

Wherever barriers to economic participation and individual initiative exist,
 

they hinder economic growth. These are the barriers that must be eliminated. 

Yet, until now, we have not examined them systematically. If we don't, we 

may find we have helped perpetuate problems, rather than solve them. 

These issues are ones 
on which policy makers here, and in developing
 

countries, need help. 
What they really need are hard-nosed economic
 

assessments of the effects of barriers to economic participation. Now that's 

where you come in. You have an opportunity to put the economic spotlight on
 

these barriers in a way I cannot.
 

Let me give you a few examples of the kinds of barriers that need to be 

examined more fully. One obstacle that is not yet receiving enough attention
 

is inadequate and unfair rules governing property rights. 
Our American
 

constitution guarantees us 
the right to own property, to acquire it, and
 

transfer it to others as 
we see fit. But these rights are not universal. In
 

many African countries properry rights exist for men, but not for women.
 

Women who work in the markets and the fields cannot invest their earnings as
 

men do. 
 If they put their money in a bank the men in their family are free
 

to withdraw it without their wive's consent.
 

In Latin America, even where constitutions protect individual property
 

rights, governments still nationalize and expropriate private property. 
When
 

it comes to intellectual property rights, the developing world is 
a wasteland.
 

Most of Asia, and more recently the Latin American countries, thrive on
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copied goods. Where property rights are not secure, there is little
 

incentive for people to work hard, to save 
and to invest.
 

Weak legal systems are a second cc istraint. In many developing
 

countries, governments simply don't pay the private sector for the goods and
 

services they purchase. What is worse, firms have no effective legal
 

recourse. 
Often the legal systems in developing countries do not fairly
 

enforce rights. In the Dominican Republic a private bank tried to 
use the
 

legal system to go after the collateral a firm had offered on a loan it
 

failed to pay. After seven years of legal maneuvering the bank finally got
 

its money, but only by settling out of court.
 

Sometimes it's simple logistics that deny people the opportunity to
 

operate freely in these economies. In many developing countries, people have
 

a very difficult time getting clear title to 
their land. Adequate maps
 

simply don't exist. 
Without clear title, farm land and urban property cannot
 

be sold or used as collateral to obtain credit. So why improve it? If you
 

are 
rich you may find a way around this problem, but the ordinary citizen in
 

a developing country probably cannot.
 

Government regulations are a third kind of barrier that can deter
 

ordinary citizens from trying to participate fully in their economies. In
 

Peru, Hernando de Soto has been studying what locks people out of Latin
 

American economies. What he has learned is 
that the roadblocks to
 

participation are sometimes very cleverly disguised. In theory, an
 

individual in Peru is free to go into business. But in practice that freedom
 

isn't real. To demonstrate this problem De Soto tried to open a clothing
 

business legally without paying bribes along the way. 
It took a lawyer and
 

three other people a total of 300 days, that's 
a total of 1200 man days, to
 

complete all the forms and to obtain all the signatures that are needed to
 

start a business. As a comparison, De Soto tried the 
same thing in Florida.
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There it 
took him only three hours to get into business. Peru is not unique.
 

Even where government regulations are not onerous, they can be applied
 

capriciously or changed at 
a moment's notice. 
 In a lot of developing
 

countries, 
this kind of red tape drives entrepreneurs into the "underground"
 

or "informal" economy. As unregistered businesses they are 
often barred from
 

obtaining bank credit. 
They are also vulnerable on legal grounds should
 

governments choose 
to act against them.
 

A fourth problem area is in the financial systems of these nations. 
All
 

over the developing world the financial policies of governments make it
 

difficult for ordinary citizens to get ahead. 
For example, sky-high taxes on
 

individual income and on corporations leave little room for savings and
 

investment, and inflationary policies erode the value of what people are able
 

to earn. For many people, lack of access 
to credit means 
lack of access to
 

the economy. Throughout the developing world, banks avoid small loans
 

because of their high transaction costs. 
For similar reasons, many banks do
 

not extend long term credit. When they do, the rates tend to be high. 
 Last
 

year, for example, banks in Bolivia required up 
to 300% collateral on their
 

loans. 
That may have been a market assessment of risk, but for many would-be
 

entrepreneurs those terms are impossible. 
Just imagine how many farmers and
 

businessmen might be able to get ahead if they could buy a new machine using
 

the machine as collateral, the way you or I might buy a car.
 

These examples are only the tip of the iceberg. 
They only begin to
 

outline the kinds of barriers to broad-based participation that exist in
 

developing countries. 
Such barriers need to be torn down if free enterprise
 

and economic growth are 
to have a chance. 
But that won't happen without your
 

help. Attention must be drawn to 
these problems. They must be identified
 

on a country-by-country basis, and their effects must be made known.
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Solutions must be developed and set forth in terms that policy makers can
 

understand and act upon.
 

Turning the spotlight on barriers to broad-based economic growth and
 

truly free enterprise is an important task. I believe that these are 
tasks
 

which this Institute, and the noted economists assembled here tonight, should 

address. If you do, you will make a real contribution to the people of the 

developing world. 
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INTRODUCTION
 

THE PROBLEM OF DEVELOPMENT: EXPLORING ECONOMIC DEVELOPMENT THROUGH FREE
 

ENTERPRISE
 

A. 	THE PROBLEM OF DEVELOPMENT
 

The collection of papers summarized in this monograph, and the conference
 

that 	produced it, attempt to shed new light on an old, yet pivotal issue of
 

economic inquiry: the problem of development. The importance of this problem
 

is demonstrated by the large and persistent gaps in real income per capita
 

among different countries, and by the significant diversity of growth rates of
 

oer-capita income even among countries that initially had similar economic
 

resources. To illustrate, using World Bank data, Lucas (1988) noted that 

compared to the 1980 average for "industrial market economies" of $10,000 U.S., 

India's per capita income is $240, and Haiti's is $270. This is a difference 

of a factor of 40 in living standards. Rates of growth of real per capita GNP 

are also sharply divergent even over sustained periods. For 1960-80, for
 

example, India grew at 1.7%, Egypt 
at 3.4%, South Korea at 7.0%, Japan at 7.1%
 

and the U.S. at 2.3%. Cuba appears to have been lagging significantly behind
 

Taiwan in terms of current levels of per-capita income, despite the fact that
 

the economies of these countries were remarkably similar in the late 1950's.
 

For the period 1960-80, Taiwan's rate of growth was 6.5%, but that of Cuba 
was
 

2.7% according to that country's official statistics. It is important to note
 

that even small differences in annual 
rates of growth in per-capita incomes
 

mushroom into dramatic differences tik income levels within a relatively short
 

period of time. By the statistc., and sources just mentioned, incomes in India
 

will 	double every 50 years, but in Korea they will double every ten years, and
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in major African countries they may remain virtually stagnant. 
These data
 

pose the problem of development, and tackling it involves 
two distinct tasks.
 

The first is to explain the empirical evidence, gathered through both
 

general historical observations and scientifically assembled data, about the
 

actual pattern of economic growth and development at different times and
 

places. This task entails an identification of the major forces that account
 

for the observed diversity in both levels and rates of growth of per-capita
 

income, consumption, or other relevant measures of personal welfare.
 

The second is 
to draw possible inferences about the roles of government and
 

the private sector in bringing about development, based on the way the first
 

task is resolved. Such inferences help identify the possible channels through
 

which government policies can either enhance or harm the growth and development
 

potential of the economy. 
All conference papers address either one or both of
 

these aspects of the problem.
 

The methodology that authors of the conference papers have adopted in
 

resolving these issues involves the development of an explicit "mcdel" of
 

growth, i.e., 
 a paradigm of varying specificity and technical sophistication
 

that is designed, in general, to 
address two related questions:
 

1. Can a decentralized, free market economy that is guided by the force of
 

individual incentives reach an equilibrium state of growth, usually referred to
 

as a "balanced growth path" or a "steady state of growth", and if so, how? 

More specifically, the question concerns the identification of some basic
 

factor, or 
"engine" of growth, which is capable of propelling the economy onto
 

a path of persistent growth in personal income and welfare, and the
 

"mechanics", or specific technical process through which this factor operates.
 

2. 
What are the basic "exogenous" factors that control the level and slope, 
or
 

time-rate of change, cf such balanced growth path? 
 By exogenous factor is meant a
 

variable such as 
an initial value of an asset or a constant technical
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paramet 
 which is determined independently of the economic system, as opposed
 

to an 	endogenous variable which is a by-product of the growth equilibrium
 

itself.
 

A resolution of the "problem of development" is thus attempted by this
 

approach through a series of analytical steps. The first requires an
 

explanation of how an economy can reach a stable steady state of growth after
 

which it may "live happily (for economists "predictably") ever after" througF
 

its 	internal market forces. 
The second involves determining whether either the
 

implied process of convergence into such a state 
or the exogenous variables
 

identified as controlling the growth path itself can explain the real world
 

variations in levels and rates of economic growth. 
Successful formulations of
 

the 	problem may thus lead to concrete explanation of why some countries succeed
 

in achieving high, self-sustaining growth rates, while others lag behind, and
 

how 	government policies in the areas of taxation, trade, 
or direct management
 

of economic activity affect an economy's actual path to poverty or riches.
 

B. 	THE ENGINE OF GROWTH
 

To explain persistent growth in per-capita levels of income or
 

consumption, all growth models invariably resort to a feature or characteristic
 

of the economy's production technologies, or institutional structure, which
 

explains how in 
a state of "balanced" growth, where the relevant factors of
 

produci ..
n grow at a constant rate, per-capita income and consumption may grow
 

at a constant rate 
as well.
 

If the economy's aggregate production function of final goods and services
 

exhibits constant returns to scale in all of its relevant arguments, and if in
 

addition effective labor and population size are proportionally related, then
 

an equal rate of growth of all inputs would lead to the proportional growth of
 

aggregate income without affecting the level of per capita iacome. 
Growth in
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the latter must generally be explained, therefore, by one of the following
 

types of technical possibilities:
 

a) Production is subject to increasing returns to scale in all privately
 

controlled factors. 
This assumption implies, however, eventual monopolization
 

of the economy and should therefore be rejected as a basis for constructing a
 

useful growth model.
 

b) The production function, in either its direct or indirect ("reduced") form,
 

exhibits constant returns to scale in 
somc P-rogenously "fixed" factor
 

determining productvity, or in specific productive assets that are fixed at 
a
 

point in time and can be accumulated over time. Such assets, in turn, prove to
 

be "engines of growth". For example, the production function of final goods
 

may be proportionally related to 
the economy's level of technology, i.e., its
 

stock of disembodied knowledge, or its accumulated human capital, i.e., 
 stock
 

of embodied knowledge. Per-capita consumption would then grow at a constant
 

rate as long as technological innovations or knowledge accumulate at a constant
 

rate in a balanced growth regime. 
All of the papers in this collection that
 

develop an explicit model of endogenous growth rely on variants of this type of
 

growth mechanism.
 

c) Production in the economy is subject to external economies in production,
 

so that while firms' production functions exhibit constant returns to scale,
 

the industry's or economy-wide aggregate production function exhibits
 

increasing returns to scale in the 
same factors. If the source of the
 

externality were human capital, for example, there would be a divergence
 

between the social and private returns to investment, so that decentralized
 

choices, while compatible with competitive equilibria, would lead to suboptimal
 

growth paths. Externalities associated with the production of disembodied
 

technological innovation and with payments of taxes for government services
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play an important role in the endogenous growth models of Romer, Krugman and
 

Barro. 

C. ENDOGENOUS PRODUCTIVITY GROWTH: 
 TOWARD A NEW THEORY OF DEVELOPMENT
 

The point of reference for most conference papers is the "neoclassical
 

growth model" associated with Robert Solow's pioneering (1956) work. The
 

model, which underwent many refinements in the 1960's, has as its basic
 

features a closed economy with competitive markets, identical rational
 

individuals. and a production technology exhibiting constant returns to capital
 

and labor inputs. Population and labor growth are exogenous 
to the model, as
 

is disembodied technological change. Under these assumptions, the model gives
 

rise to 
a "balanced" growth path in which capital per-capita is accumulated at
 

the same rate as output or consumption per-capita, and where the savings rate as
 

well as the real rate of interest are constant along the equilibrium growth path.
 

In this regime, the rate of growth of per-capita income and consumption is
 

strictly proportional to 
the given rate of technical change. Thus technology,
 

although exogenously given, is the critical "engine of growth" and the only
 

force that explains growth in per-capita income. The determinants of the
 

propensity to 
save have no bearing on the equilibrium growth rate, although
 

they do affect the per-capita levels of income and consumption. The same
 

holds, in principle, for changes in trade barriers designed to promote
 

international trade. 
 Indeed, as Lucas (1988) points out, by assigning a
 

predominant role to an exogenously available technology as 
an engine of growth,
 

the theory assigns comparatively little role 
to any other factor. By this
 

theory one is well justified to expect that growth rates across different
 

countries would tend to converge on a common steady-state value, and that the
 

actually observed rates would differ only by virtue of transitory differences
 

in the economic position of an economy relative to its balanced growth path
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("transitional dynamics"). Thi3 prediction seems to receive little 

confirmation from the available empirical evidence for the world as a whole, 

which shows little tendency for reduction in the considerable diversity of
 

growth rates among developing and develGtzd countries (see Baumol (1986) and
 

Delong (1988)). Nor is there an apparent tendency for income levcls to
 

converge among all countries, although such a tendency is compatible with the
 

thrust of the neoclassical model even allowing for variations in per-capita
 

income due to transitional dynamics (see King and Rebelo's paper in this
 

collection). Convergence of income levels is to be expected especially under
 

the influence of free trade in goods and free mobility of resources among
 

different economies.
 

In short, the neoclassical model, while offering a powerful framework for
 

analyzing and quantifying the process of economic growth, and despite being
 

consistent with major aspects of the growth experience in developed countries,
 

does not seem to offer a sufficiently effective framework for explaining the
 

growth experience in developing countries, or the differences in the actual
 

growth paths between rich and poor countries.
 

The principal common denominator of the papers summarized in this
 

monograph is the attempt to relax some of the more 
limiting assumptions of the
 

neoclassical model with the aim of achieving a richer theory of economic
 

development. In this regard, the conference expands the foundation of the "new
 

economic development" literature begun by Romer (1986) and Lucas (1988). Romer
 

identified the demand for and spillover of disembodied knowledge (research) as
 

a principle source of endogenous growth. Lucas endogenized human capital
 

accumulation through either deliberate and costly acquisition of skills, or
 

learning by doing, identifying it as an economy's underlying catalyst of
 

growth.
 

The conference's agenda focuses on three principle themes:
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a) The analysis of population growth and human capital formation as endogenous
 

to the economy and to the growth process itself. 
This permits a possible
 

explanation of empirically observed facts conce...
ing the interaction between
 

population, schooling and economic growth in the development process.
 

b) The interpretation and analysis of technological change as 
the outcome of
 

decisions influenced by market forces, rather than as 
a consequence of
 

autonomous scientific discoveries that take place independently of the scope
 

and level of economic activity.
 

c) The examination of government as a significant player in the growth and
 

development process, possibly as an independent catalyst or engine of growth,
 

but also as an 
initiator of policies that can have detrimental effects on the
 

ecoromy's growth rate, and not just the level of economic activity.
 

The first theme is addressed mainly in the papers by Gary Becker and Kevin
 

Murphy, and by Mark Rosenzweig. The second theme is the focus of the studies
 

by Paul Romer and Paul Krugman. The third theme dominates the papers by Robert
 

Barro, Robert King and Sergio Rebelo, Dale Jorgenson and Kun-Young Yun, and
 

S.C. Tsiang. All papers, however, invariably touch upon one or more of the
 

central themes of the conference.
 

D. IMPLICATIONS OF THE MODELS CONCERNING THE PROCESS OF ECONOMIC GROWTH
 

Since the different models of endogenous growth summarized in this
 

monograph make different assumptions concerning which parts of the economy are
 

endogenous to the growth process and which are 
exogenous, and since they also
 

differ in what they identify as the economy's engine of growth, it is 
not
 

surprising that they reach somewhat different conclusions about the process of
 

development. Certain conclusions, however, are 
common to all studies.
 

1. 
As in the neoclassical growth model, physical capital accumulation, by
 

itself, is not seen as 
an engine of growth in most models. This is essentially
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because output is subject to continuously diminishing roturns to the capital
 

input alone. Put differently, changes in the private sector's propensity to
 

save are expected to 
cause offsetting adjustments in the steady-state capital

output ratio, which increases the level, but not the rate of growth of per

capita income. Consequently, the catalyst of growth is traced to other
 

productivity-augmenting factors: either induced technological innovations of a
 

disembodied form (as in Romer or Krugman) or as human capital accumulation (as 

in Becker and Murphy or King and Rebelo). Even where technology is identified
 

as 
the engine of growth, the level of technological innovations is seen to be
 

influenced by the economy's endowment of human capital. 
One of the striking
 

differences between the new economic-growth literature and the neoclassical
 

model is the shift in emphasis from specific forms of physical capital to human
 

capital as the underlying cause for growth. 

The only exception to this rule is Tsiang's model, where take-off into
 

growth requires a savings rate sufficiently larger than the rate of population
 

growth to extricate the economy from a stable "low income trap". 
 However,
 

capital accumulation plays this role during a take-off phase, not along an
 

equilibrium growth path, as Tsiang's formulation does not lead to a steady

state growth path. Also, in Barro's model, where the steady state 
level of
 

output turns out to be proportionally related to capital, this occurs 
only
 

because of the effect of taxation and government services. The implicit engine
 

of growth in that model is not private physical capital but complementary
 

public spending that prevents the productivity of privately accumulated capital
 

from falling as the latter accumulates. 

2. All papers demonstrate that decentralized economies are capable of reaching
 

a path of persistent growth in personal income and consumption even without
 

exogenous technological innovations. 
Moreover, the steady-state of persistent
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growth can be reached through individuals' responsiveness to incentives to
 

accumulate the asset essential for growth. This idea is inherent in the 

neoclassical model as well, but it assumes a special meaning in the new growth 

literature which models the motion of the engine of growth itself as the result 

of explicit optimization by individuals in a general equilibrium context.
 

Thus, if the engine of growth is parental investment in the human capital of
 

children due to altruistic motives, as is 
the case in Becker and Murphy's
 

model, persistent growth is assured whenever the discounted rate of return to
 

such investment is sufficiently large. Similarly, if the engine of growth is
 

disembodied knowledge such as scientific research or process and product
 

innovations, as it is in Romer's and Krugman's models, growth is guaranteed
 

whenever the rate of return to innovative activity is commensurate with the
 

rate of return to investment in physical capital. 
Finally, if government
 

economic services are presumed to be essential for the growth process because
 

of the provision of infrastructure and protection of property rights that are
 

critical for private accumulation of capital, as in Barro's model, self

sustaining growth can be achieved through prudent methods of taxation that
 

simulate the implicit demand of the private sector for such services. In all
 

of these cases, growth takes place even in the absence of "exogenous" i.e.,
 

accidental or unanticipated technological shocks, because innovation or
 

accumulation of embodied knowledge occur predictably as a result of
 

individuals' demand for such accumulations. Put differently, a constant rate
 

of technical innovation or investment in human capital obtains in a steady

state not arbitrarily, or by assumption, lut as 
a result of optimizing
 

behavior.
 

3. One of the striking differences among these models of endogenous growth
 

concerns the possibility of multiple growth equilibria including an
 

underdevelopment or low income trap. This possibility is ruled out in the
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general, competitive equilibrium model of Jorgenson and Yun, who adopt a
 

conventional neoclassical framework, and King and Rebelo, who allow for endogenous
 

growth due to investment in human capital. In the models of Tsiang and Becker
 

and Murphy, multiple equilibria exist as a result of specific assumptions
 

concerning the relations between population growth and the propensity to 
save
 

or invest in future production capacity. In Becker and Murphy's model, where
 

both population and saving and investment in human capital are endogenous to
 

the growth process, however, the existence of a possible underdevelopment or
 

Malthusian trap is not a reflection of classical market failure. 
Rather, it is
 

the result of constrained optimizing behavior by parents who choose to trade
 

quantity for quality of children, given their specific production and
 

consumption possibilities (in particular, their low level of human capital).
 

Both Tsiang and Becker and Murphy also see the movement from a low-income trap
 

to a perpetual growth equilibrium to require a take-off stage, although for
 

different reasons. In Becker and Murphy the intermediate development state is
 

unstable, and the growth path about it possibly discontinuous, so that the
 

movement to perpetual growth may require a jump. 
In Tsiang's analysis, the
 

development or low income state is stable 
so that a strong shock is required to
 

pull the economy in the direction of perpetual growth. In both cases the
 

prospects for take-off may be helped, therefore, by prudent, or "pro-growth"
 

government policies.
 

E. IMPLICATIONS CONCERNING THE PROBLEM OF DEVELOPMENT
 

How do the different models explain the observed diversity of growth paths
 

across different countries and time periods? 
A rigorous, and comparatively
 

easy answer can be obtained when the model produces an explicit solution for
 

the magnitude of the (unique) steady-state growth rate in terms of its
 

exogenous determinants.
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In the models identifying induced technological innovations or costly
 

human capital formation as engines of growth, the equilibrium growth rate is
 

shown to accelerate whenever there is an increase in parameters which increase
 

the rate of return to investment in such assets, discounted both for the ease
 

of substituting present for future consumption and for time preference for
 

present consumption. This shows up clearly in the models by Becker and Murphy,
 

Romer, and King and Rebelo. In Krugman's model, the size of the economy and
 

the ease of acquiring temporary monopoly returns on inventions are critical
 

determinants of the rate of return to inventive activity, and thus of the
 

growth rate. Size is important in this context because the 
costs of invention
 

are independent of output, so that the unit costs of production fall with the 

size of the market. If the opening of bilateral trade between countries is 

essentially tantamount to an expansion in the economy's size, it will 

accelerate the 
rate of economic growth in both countries. This prediction
 

follows from both Krugman's and Romer's models. 
Neither model considers,
 

however, the separate influence of specialized trade patterns or the possible
 

difficulty of appropriating monopoly returns under a free trade regime.
 

It may be difficult to apply some of the previous arguments in explaining 

the observed diversity in growth rates. Specific productivity differences may 

not be directly measurable. Moreover, any explanation of diversity that relies 

on presumed differences across countries in the parameters of disembodied 

technologies or in preferences for consumption may not be refutable through 

empirical investigation. A potentially more powerful prediction of diversity
 

is the economy's past and present levels of human capital which are identified
 

as important determinants of growth rates in the models by Romer and by Becker
 

and Murphy. In th! latter model, the economy's stock of human capital affects
 

the prospect of attaining a persistent growth equilibrium path, as opposed to
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an underdevelopment trap. In Romer's model, the exogenously determined level
 

of human capital directly augments the productivity of resources employed in
 

the production of new designs. By these analyses, countries that are 
rich in
 

human resources have both better prospects of achieving a persistent growth
 

equilibrium, and experience relatively higher rates of growth. 
This prediction
 

does not hold, however, in King and Rebelo's analysis because in their model
 

the economy can reach a unique growth equilibrium from any initial level of
 

human capital.
 

Similarly, the identification of international trade 
as a potentially
 

important engine of growth may provide an important explanation of the growth
 

experience in trade-oriented economies, which the evidence included in Tsiang's
 

paper tends to support. Krugman's and Romer's models (unlike the one by
 

Lucas (1988)) do not allow, however, for differences in the rates of economic
 

growth across trading partners.
 

The greatest apparent difference in behavioral implications offered by
 

different models concerns the role of government. These differences arise a
as 


by-product of each model's assumptions concerning externalities or incidents of
 

market failure under free markets. If the mechanics of growth involve external
 

economies stemming from the engine of growth, as 
is the case in Romer's and
 

Krugman's papers, or if the private sector is 
incapable of producing essential
 

infrastructure, as 
in Barro's model, government subsidization of research,
 

support of temporary monopolies, or direct production by the public sector may
 

lead to a socially optimal accumulation of the engine of growth. If a state of
 

self-sustaining growth can be achieved within a competitive environment free of
 

externalities, as 
in King and Rebelo, however, government taxation of the
 

returns to 
the engine of growth will have deleterious effects on the growth
 

rate. 
Even in Barro's model, where government services are essential for
 

augmenting both private production capacity and growth, the beneficial effects
 

20
 



of government production depend on the existence of a benevolent and efficient
 

government: a self-interested government will unambiguously reduce growth and
 

welfare in Barro's model. As to the correlation between the size of government
 

and the economy's growth rate Barro's analysis is compatible with either no
 

systematic relationship, if governments and production technologies are
 

similar across countries, or with a negative correlation, provided that the
 

size of government reflects, in practice, its relative efficiency as a producer
 

and taxes are collected via an income tax.
 

Alternative hypotheses in connection with the role of government as 
a
 

catalyst of growth can be tested through empirical investigations of the
 

actually observed relationship between economic growth and specific policy
 

variables. The sophisticated empirical study by Jorgenson and Yun provides
 

some dramatic illustrations. 
These authors estimate the magnitude of the
 

excess burden from taxation of labor income to be about a dollar per dollar
 

revenue, i.e., at the margin each dollar of government revenues costs two
 

dollars - one dollar for the 
revenue raised and another dollar due to 
a welfare
 

loss. They estimate the effects of the 1986 tax act to have raised national
 

wealth in the U.S. by 2.8%, 
but claim that this gain would have been dwarfed by
 

the potential gains from President Reagan's 1986 tax proposal, in which the 
tax
 

base would have been largely indexed against inflation. These estimates are
 

derived by applying a general equilibrium model of the neoclassical variety
 

which does not account for the possible effects of taxation on the rate of
 

growth of income per-capita. 
King and Rebelo argue that the impact of taxes on
 

welfare is much larger in endogenous growth models than in the traditional
 

models of public finance because income taxes, by inhibiting human capital
 

accumulation, depress the rate of growth of economic activity, not just its level.
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SUMMARY OF
 

GARY BECKER AND KEVIN MURPHY'S "ECONOMIC GROWTH, HUMAN CAPITAL
 
AND POPULATION GROWTH"
 

Becker and Murphy develop a model of endogenous growth in which both 

population growth and human capital formation are products of individual choice 

and where human capital serves as the basic source, or "engine" of growth. 

Their approach differs from the conventional neo-classicai model of growth in 

which population growth is exogenous to the economic system, and growth il per

capita income occurs as a result of exogenous technological advances. Human 

capital formation and fertility are determined in this model by altruistic 

parents who care about their own well being as well as that of their children, 

and are assumed to have identical preferences in all generations. Also, the 

human capital attained by each generation of children is assumed to be 

proportional to their parents' human capital, augmented by the amount of 

resources parents devote to educating their children. Under these assumptions, 

a decentralized, free-market economy can achieve a state of self-sustaining 

growth in per-capita income and consumption. 

This conclusion is qualified, however, by the specific set of production
 

technologies and parental preferences governing the growth process. In the
 

more general scenarios considered, the authors conclude that the economy does
 

not Lave a unique equilibrium state of growth but is susceptible to multiple
 

steady states. They identify three possible situations: a) an under

development equilibrium, or "Malthusian trap", in which there is no human
 

capital accumulation and the rate of fertility is high; b) a development steady
 

state in which the level of per-capita consumption remains constant over time
 

and the rate of fertility is intermediate; and c) a perpetual growth
 

equilibrium in which per capita income grows at a constant rate and the rate of
 

fertility is low. The thrust of the analysis is devoted to the identification
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of the specific forces that determine the feasibility and stability of these
 

possible growth equilibria, as well as their special characteristics.
 

BASIC ASSUMPTIONS
 

A somewhat simplified description of the basic concepts and assumptions
 

used by Becker and Murphy (BM) will facilitate the summary of their analysis
 

and major propositions. In their economy, each person lives for one period as
 

a child and one period as an adult. At the beginning of adult life, each
 

person has children and invests equally in each child's human capital. The
 

motive is altruistic: parents derive utility not only from their 
own life-time
 

consumption, ct, but from the total utility enjoyed by all of their
 

children, n.. Each generation of parents has an identical utility function
 

(1) Vt = u(ct) + a(nt)ntVt+,. 

In equation (1) Vt denotes the parent's total utility, u(ct) the utility 

from own consumption (specialized as u(c) = ce/a, where a is an index of 

the elasticity of substitution between consumption of successive generations),
 

and Vt+ 1 the total utility of each of the children as adults. This
 

specification of altruism thus links parents with all of their future
 

offspring. 
Parents discount the future utility attained by children, however,
 

at the rate l/a(n), which BM call "the rate of altruism-time preference", and
 

this discount rate is assumed to be increasing in the number of children
 

(specifically a(n) = an-',where a and e are positive constants). Put
 

differently, as the number of children increases, each child's utility is
 

valued less by the parents.
 

Adults allocate their resources (time) between working (t), rearing
 

children (v) and investing in each child's human capital (h). These uses
 

of time exhaust the total time constraint
 

(2) 1 + (v+h)n = 1. 
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Adults are also assumed to have a fixed amount of unskilled labor, or physical
 

production capacity, H, and a stock of human capital Ht. Together, they
 

augment the ploductivity of the time inputs devoted to the production of both
 

consumption goods (real income) and human capital. The respective production
 

technologies are
 

(3) ct - (d+Ht)ft, for consumption, and 

(4) Ht,, - A(bH+Ht)ht , for human capital formation. 

Both technologies exhibit constant returns to the time inputs involved in 

production. The coefficients d and b in equations (3) and (4) convert raw
 

labor into units of human capital. They represent the relative importance of
 

unskilled labor in the production of consumption and human capital, respectively.
 

In equation (4), the coefficient A represents the productivity of all
 

resources devoted to the production of human capital.
 

Armed with these assumptions, BM develop alternative scenarios under
 

which an economy can achieve self-sustaining growth.
 

THE MODEL WITH EXOGENOUS FERTILITY
 

In this scenario, fertility is outside of parental control. Parents are
 

free, however, to choose their investments in children's education. To
 

simplify matters, BM further assume that unskilled labor plays no role in
 

production (i.e., H-0 in equations (3) and (4)). Only acquired human
 

capital can thus contribute to earnings or the formation of the next
 

generation's human capital.
 

The optimal quantity of parental investment in children is set at a level
 

where the benefit from an increment in parental investment time is equal to
 

its marginal cost. The marginal benefit consists of the increase in utility
 

enjoyed by all children due to their higher stocks of human capital, discounted
 

by the parent's rate of altruism-time preference. The marginal cost consists
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of the parent's utility loss due to forgone earnings and thus (own) consumption
 

opportunities. An intriguing aspect of the production technologies assumed
 

in this model is that the rate of return to parental investment time is
 

independent of both the level of a parent's human capital and the amount of
 

time invested per child. This is because the productivity of investment time
 

is assumed to be constant. Also, since human capital augments the marginal
 

productivity of time allocated to both work and teaching (see equations (3)
 

and (4)), an increase in its level raises the marginal benefit and cost of
 

investment by the same proportion. Consequently, the rate of return to
 

investment is found to be a constant magnitude, determined just by the
 

productivity of investment inputs, the unit cost of rearing children, and the
 

(exogenously given) number of children. Formally, R = [l-nv]A. 

The relationship between optimal investment in human capital and economic
 

growth is established by the rule that the rate of growth in per-capita
 

consumption is related to the rate of return to parental investments,
 

discounted by their rate of altruism time-preference. Formally, the rule is
 

(5) R.a(n) = 

where (l+g) denotes the growth in consumption across successive generations 

(ct+1/ct). Whether the growth rate, g, is positive, zero, or
 

negative, depends on whether the rate of return to investment, R, is greater
 

than, equal to, or lower than the rate of altruism-time preference, l/a(n).
 

Unlike a perpetual positive or zero growth rate, however, a negative 
one
 

cannot be a steady state, because it must ultimately lead to a depletion of
 

,ny initial endowment of human capital. The economy would then wind up at an
 

underdeveloped equilibrium of zero level of human capital. The alternative
 

growth paths and steady states are shown in figure 1.
 

The reason for the dependence of the growth rate of consumption across
 

generations on the discounted rate of return on investment in human capital is
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that the latter determines the parent's incentive to undertake the cost of
 

investment, i.e., to trade own (present) consumption for a higher level of
 

children's (future) consumption. Such trade is also facilitated by a higher
 

ease of substitution of consumption across generations as indicated by a.
 

Growth in consumption occures strictly as a result of the accumulation of
 

human capital. Indeed, g represents the rate of growth in both per-capita
 

consumption (real income) and human capital across generations.
 

This analysis demonstrates some of the essential features of the general
 

growth paradigm developed by BM. Economic growth is achieved, technically,
 

because human capital (knowledge) contributes to the production of knowledge
 

by future generations, and its contributioii is not subject to any diminishing
 

returns. The specific rate of growth depends, however, on the rate of
 

investment parents are willing to make in their children's education. Under
 

the present scenario, when fertility is determined exogenously, the rate of
 

growth is higher when
 

a) the productivity of investment inputs, A, is higher;
 
b) the rate of discount for altruism-time preference, i/a(n), is lower;
 
c) the elasticity of substitution in consumption between future and
 

present generations (which is positively related to a) is higher;
 
d) the fixed cost of rearing children, v, is lower; and
 
e) the biologically determined rate of fertility ,n, is lower.
 

This last prediction holds because the rate at which parents discount the
 

utility of their children's consumption, i/a(n) is assumed to increase with
 

the number of children in the family. Economies with higher fertility rates
 

are thus expected to have lower growth rates because of the discouraging
 

effect of fertility on the parental incentive to invest in children's
 

education.
 

GROWTH WHEN FERTILITY CAN BE CONTROLLED BY PARENTS
 

In this second scenario, the authors assume that parents exercise complete
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control over both fertility and investments in children, but maintain the
 

assumption that unskilled labor has an insignificant effect on earnings and
 

human capital formation. The analysis then focuses on the determinants of
 

optimal fertility and its interaction with human capital accumulation in the
 

growth process.
 

Optimal fertility is reached by altruistic parents at the level where the
 

cost of having an additional child equals its marginal benefit: the utility
 

achieved by the child as adult discounted by the parental rate of altruism

time preference. The marginal benefit from children is negatively related to
 

the number of children because the latter increases the rate at which
 

children's utility is discounted by parents (recall the a(n)anl-a). The marginal
 

cost of children is an increasing function of the parent's lev1 of human
 

capital since the latter determines the amount of earnings and (own)
 

consumption parents must give up when devoting time to rearing and educating a
 

child. It is also an increasing function of the amount of time they choose to
 

invest in each child's education since this makes raising an additional child
 

more costly to them. Parents' optimal investment in children's education, in
 

turn, is governed essentially by the same set of factors already discussed in
 

the previous section, except that this decision is now made jointly with the
 

fertility choice.
 

As in the previous scenario, whether the economy grows, and at what rate
 

(g), depends on the product of the rate of return to investment R=[l-nv]A
 

and the rate of altruism time-preference i/a(n). However, since the
 

equilibrium number of children ,n, is now a decision variable, the growth
 

rule must be expressed in terms of the exogenous factors which dictate
 

optimal fertility as well as the optimal investment per child. Formally, the
 

rule is given by
 

(6) Ra(n) - (l+g) 1'- aAv 
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The growth rate of per-capita human capital and consumption in a persistent

growth equilibrium again will be higher the more productive are the resources
 

parents devote to investment (A), and the higher the ease of substituting own
 

consumption for the future consumption of children (a). In contrast to the
 

case of exogenous fertility, however, the growth rate is now higher
 

the higher the cost of rearing a child, (v). The reason is that a higher cost
 

of rearing a child discourages fertility, which lowers the discount rate of
 

future consumption by children. It thus raises the incentive to invest in
 

children's human capital -- the engine of growth in this model.
 

UNDERDEVELOPMENT TRAPS, ECONOMIC TAKEOFFS, AND STEADY GROWTH 

In both of the scenarios developed so far, the economy is expected to
 

reach a steady-state equilibrium within a single generation, starting from any
 

initial endowment of human capital. Both the perpetual growth equilibrium,
 

with human capital formation on a steady rise, and the development growth
 

equilibrium, with a constant level of human capital and zero growth rate over
 

time, can be stable steady states, as is ultimately the underdevelopment
 

equilibrium with zero investment in human capital. The direct reason is that
 

under the assumed production environment, the rate of return to investment is
 

independent of the initial endowments of parental human capital, Ht. The
 

economy can thus adjust its rate of fertility and human capital investments
 

within one generation to reach a steady state. This capacity exists, however,
 

due to the assumption that unskilled labor plays no role in the production of
 

consumption or in education.
 

Once this assumption is relaxed, (i.e., H is assumed to be a large
 

positive quantity in equations (3) and (4)), the model analyzed in the
 

preceeding section produces the striking result that the type of growth
 

equilibrium the economy attains depends crucially on the initial parental
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endowment of human capital. Moreover, the development steady state, where the
 

level of human capital remains constant over time (at Hd) and the rate of
 

growth in consumption is zero, is shown, to be an unstable equilibrium: once
 

reached, the economy will either continue on a perpetual growth path or slide
 

back to an underdevelopment equilibrium of zero growth and low per capita
 

income.
 

Why this critical influence of unskilled labor on the growth prospects?
 

Reaching a steady state of growth means having equal rates of growth in
 

consumption and in the accumulation of human capital across successive
 

genarations, or Ct+l/C t - Ht+]/H t - (l+g). However, from equation (4) 

it is clear that such equality can be achieved only when the ratio of the
 

endowment of unskille, labor to the attained level of human capital H/H.
 

approaches zero, i.e., when Ht is very high. In the short run, as long as
 

human capital formation is still moderate, an increase in its level raises the
 

marginal cost of bearing children relative to its marginal benefit and reduces 

optimal fertility. The fertility reduction, in turn, raises the rate of return 

on investment Rt - fl-rmv]A and lowers the rate of altruism-time preference 

i/a(nt), thus generating an increase in the parental incentive to inv.st in
 

children's human capital. As the attained level of human capital reaches a
 

level commensurate with a development steady state (Ht-Hd)I the accelerated
 

increase in the discounted rate of return on investment Rta(nt)
 

destabilizes the development steady state. Indeed, it is technically possible
 

for an economy approaching a development equilibrium to even "take-off" or leap
 

into a state of perpetual growth. In contrast, an exogenous increase in the
 

rate of fertility around the development steady state may, by the same
 

reasoning, move the economy backwards at an accelerated fashion towards an
 

underdevelopment trap. There is thus a clear negative association between
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human capital (or economic) growth and fertility growth around the development
 

steady state. 
Also, the rate of fertility in a perpetual growth equilibrium
 

will be lower than that in a development equilibrium, and that in an
 

underdevelopment (Malthusian) trap will be higher. 
Whether the economy can
 

attain any of the stable steady states just described depends on the specific
 

set of paremeters governing the production and utility functions of the model
 

(A, a, v, c). For a wide range of parameter values, however, the outcome
 

depends critically on whether the initial level of parental human capital is
 

lower or higher than the level consistent with the development steady-state
 

(Hd) (see figure 2).
 

The potential existence of multiple growth equilibria, including an
 

unstable development steady state, is further underscored if unskilled labor
 

is recognized to be more important in the production of consumption goods
 

relative to human capital (i.e., if b<d in equations (3) and (4)). As long as
 

the ratio of unskilled labor to human capital (H/Ht) is large, a higher
 

initial endowment of the latter would increase the rate of return to
 

investment directly, not just through its discouraging effect on
 

fertility, because it then raises the marginal productivity of investment time
 

relative to its opportunity cost (foregone consumption). Unless the level of
 

human capital becomes sufficiently high to facilitate d steady state growth
 

equilibrium, it would continue to exert a critical influence 
on whether the
 

economy moves towards a perpetua.l growth equilibrium or an underdevelopment
 

equilibrium. Also, the direct dependence of the rate of return on the level
 

of human capital accumulation would further destabilize the development steady
 

state.
 

The major insight into the process of development which these scenarios
 

provide is that the economy's past may have considerable bearing on
 

its prospects for growth. Even if all economies share identical production
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technologies and intergenerational consumption preferences, those with
 

historically greater levels of human capital are more likely to attain a
 

perpetual growth equilibrium, or capitalize on temporary changes in
 

productivity to achieve such growth, than economies with historically low
 

levels of skill and knowledge. For the latter, an underdevelopment
 

equilibrium, or Malthusian trap remains a probable outcome.
 

PHYSICAL CAPITAL AND GROWTH
 

The proposition concerning the influence of an economy's past on its
 

future growth prospects is further enriched by allowing for the distinct
 

productive role of physical as well as human capital. BM identify the former
 

with fixed natural resources, an endowed technological capacity, or an
 

accumulation of consumption goods (savings) parents bequeath to children.
 

The central propositions of previous sections remain valid even when the
 

accumulation of physical capital is considered a choice variable for families,
 

along with investments in children's education. To simplify matters,
 

fertility is taken to be exogenously determined in this version of the model.
 

Physical capital is assumed to be subject to diminishing returns to scale in
 

the production of consumer goods and to have no effect on the formation of
 

human capital. As before, the latter is a linear function of parental human
 

capital. Thus, human capital remains the engine of growth in this, more
 

general formulation as well. A positive rate of growth of human capital
 

guarantees a positive rate of economic growth across generations.
 

A steady rate of growth in per-capita income now requires, however, that
 

physical accumnlation also grow at the same rate. In such a state, the rates
 

of return to investment in physical and human capital must be identical. The
 

rates of growth of physical and human capital will be identical, however,
 

only if the production function of consumption goods exhibits constant returns
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to scale in physical and human capital.
 

An intriguing implication of this model concerns the impact of the
 

destruction of physical capital assets 
as a result of natural disasters or
 

wars. In the neoclassical growth model, such destruction would be expected to
 

trigger an adjustment in savings that would restore the level of physical
 

capital and per-capita income to 
its steady state growth path, as long as
 

production technologies or consumption preferences remain intact. 
 In BM's
 

analysis, an exogenous change in physical capital may affect the econor,:y's
 

growth path itself through its effect on the incentive to invest in human
 

capital.
 

On the 
one hand, a large decline in physical capital increases the rate of
 

return to savings, and thus its magnitude and the rate of growth of
 

consumption across generations. The increased cost of capital, in turn, will
 

discourage investment in human capital. 
 On the other hand, the increase in
 

savings will also raise the wages of future relative to present generations
 

and hence the return relative to the cost of investment in human capital.
 

Consequently, there will be 
a net increase in human capital formation if the
 

elasticity of substitution in consumption between future and present
 

generations exceeds unity, or 
if the elasticity of substitution in production
 

between physical and human capital is less than unity. 
In such cases, a
 

country devastated by wartime destruction of physical capital does not merely
 

regain its pre-war growth path, but can actually exceed it. This is one
 

explanation BM offer for the post-World War II boom in the economies of Germany,
 

Japan, and the Soviet Union.
 

CONCLUSION
 

The authors propose that economies can attain a steady state of persistent growth
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even without any exogenous technical, innovations as a result of persistent
 

accumulation of knowledge and skills, 
Parental decisions play a critical role
 

in assuring such accumulation because by contributing to children's education,
 

they can bequeath to future generations an endowment of knowledge that
 

surpasses their own. 
Parental decisions involve a co-determination of, and
 

trade-off between, quantity and quality of children. 
The model. thus stresses
 

the interaction 
between population growth and human capital accumulation in
 

the development process.
 

There is, however, no unique growth equilibrium in this model. It is
 

possible for the economy to reach a stable underdevelopment (Malthusian) trap
 

of no investment knowledge, high fertility rate and low and stagnant income.
 

This trap does not represent a classical "market failure" in BM's analysis,
 

since it is commensurate with an optimal trade-off by parents of quality for
 

quantity of children when the parental level of human capital is sufficiently
 

low. A steady state of perpetal growth with the opposite attributes or a
 

development state of moderate, stagnant income, and intermediate rates of
 

fertility and investments in education are also possible, except that the
 

development steady state is generally unstable.
 

The possible existence of such alternative steady states of growth
 

constitutes a possible explanation of the observed diversity in the level and
 

rate of economic growth across different economies which the conference on
 

"the problem of development" has focused on as a central issue. 
 The unique
 

contribution of BM's analysis in this regard is the proposition that an
 

economy's initial level of human capital, thus 
an economy's history, and a
 

variety of past shocks and events such as wars, natural disasters,
 

technological discoveries, and government policies, may determine whether an
 

economy achieves a take off into a steady state of persistent growth or sinks
 

,into an underdevelopment trap. The role of prudent government policies is
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important especially around the intermediate, unstable development-steady
 

state, where accumulated knowledge is just sufficient to maintain a moderate,
 

stagnant level of per capita income over time.
 

37
 



SUMMARY OF
 

MARK ROSENZWEIG'S "POPULATION GROWTH AND HUMAN CAPITAL INVESTMENTS:
 

THEORY AND EVIDENCE".
 

An inverse relationship between fertility rates, on the one hand, and per
 

capita incomes and indicators of human capital, on the other is a striking
 

feature of some recent international cross-sectional and time series studies,
 

but theoretical models of economic growth which incorporate fertility and human
 

capital have offered different interpretations of this correlation. In this
 

paper, Rosenzweig reviews and presents findings from micro-level empirical
 

analyses of international data on the relationship between rates of return from
 

schooling (a proxy for technological advances) and fertility and schooling. An
 

important underlying cause which accounts for the correlations in less
 

developed countries, according to Rosenzweig, is "child labor": the
 

contribution of children's earnings to family income. He tests for the
 

empirical importance of this factor using data from India, the Philippines and
 

Indonesia. He also reviews empirical findings on the importance of health
 

characteristics of the population and fertility control in explaining changes
 

in human capital accumulation.
 

THE EFFECTS OF ECONOMIC GROWTH ON FERTILITY AND SCHOOL INVESTMENT
 

A. TECHNICAL CHANGE, RATES OF RETURN TO SCHOOLING, AND FERTILITY: THEORY
 

In this section, Rosenzweig builds a theoretical model, and derives
 

empirically testable hypotheses concerning the relationships amoung the costs
 

and returns to schooLing, fertility, and investments in the human capital of
 

the children. He assumes that the family's welfare function which parents seek
 

to maximize is given by
 

u - u(i,h,n,y), 

,where i is the average income of children when they become adults, h is the 
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per-child human capital, n is the number of children and y is 
a composite
 

consumption good. Parents care about the 
income of their children, the number
 

of children, and the schooling of each (as represented by h). Human capital in
 

each child is produced with time spent at school, t, purchased schooling
 

inputs, x, and exogenous ability of the child, v. The income of the family
 

consists of the parent's income and children's income when at work (not in
 

school). This income is spent on the consumption good, and on children. The
 

cost of bringing up children includes the cost of schooling inputs, direct
 

costs of having children, and transfers from parents to children. Holding the
 

effect of family income constant, an increase in children's wage increases the
 

opportunity cost of sending children to school and hence lowers schooling
 

levels. 
Moreover, if family size and the schooling level are pure substitutes,
 

an increase in the child wage rate increases family size. The model
 

therefore predicts a negative relationship between child wage and schooling
 

levels, and a positive relationship between child wage and fertility, after
 

accounting for changes in family income.
 

Rosenzweig concentrates on a case where parents care only about each
 

child's income, 
and not about its level of human capital per se. Rosenzweig
 

assumes children pay for their schooling, using their income and transfers from
 

parents. Parents artz able to determine, however, the actual schooling and
 

human capital levels of children through judicious use of transfers, b. The
 

actual level of schooling and family size thus reflects the optimal choice from
 

the perspective of the parent.
 

The benefit from an additional unit of schooling is the product of the
 

rental rate of human capital, a, and the amount of human capital, 1. produced
 

by this unit of schooling. Utility maximization implies that this benefit must
 

be equated to the cost of an additional unit of schooling, the child wage rate,
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w. The elasticity of schooling with respect to w is therefore equal to the
 

elasticity of schooling with respect to a. 
Moreover when schooling is wage
 

elastic, increases in a not only increase schooling levels but also reduce
 

family size. This is because if schooling were inelastic with respect to w.
 

then an increase in the child's wage income Yould decrease parental transfers
 

to children. Lower parental transfers, in turn, lower the margianl cost of
 

children to parents and fertility then increases. This prediction, however,
 

depends on the existence of transfers from parents to children. Many forms of
 

such transfers, including children's schooling, dowry payments, or bequests of
 

land, are indeed common in low-income countries.
 

The direct cost of bringing up children is incurred by parents regardless
 

of whether the children go to school. According to Rosenzweig's model,
 

therefore, this cost does not affect the parent's optimal investment in their
 

children's human capital. Family planning interventions should therefore have
 

no effect on human capital accumulation since they only affect the direct cost
 

of children. Similarly, the parent's income does not bear on this choice, if
 

the choice is made efficiently.
 

B. ESTIMATES OF CHILD WAGE EFFECTS
 

Using data from India, Philippines and Indonesia, Rosenzweig tests the
 

predictions of the theoretical model about the effect of changes in child wage
 

rates on schooling and family size. In all three countries, he finds that
 

fertility is higher and schooling lower in areas where the child wage rate is
 

higher, as the theory predicts. However the elasticity estimates in all three
 

countries show that child wage elasticities are small whereas adult male wage
 

elasticities are significant in predicting a positive relationship between
 

schooling and adult income. 
 The model's hypothesis concerning what constitutes
 

an efficient choice of schooling by parents is therefore rejected: parents
 

seem to care about the schooling of their children as well as the latter's income.
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C. THE INDIAN GREEN REVOLUTION EXPERIMENT
 

To assess whether the magnitudes of the child wage elasticity estimates
 

are consistent with the time-series evidence on the effects of technological
 

change (via increased returns to schooling), on schooling and fertility,
 

Rosenzweig uses data on the "Green Revolution" in India during 1961-71. During
 

the "Green Revolution" period, new agricultural techniques were made available
 

only to a select number of districts (IADP districts) providing spatial
 

variations in key variables. Wage growth in these districts was substantially
 

higher than in other districts over this period. Moreover, within these
 

districts, farmers with higher levels of schooling were found to be
 

significantly more likely to adopt the new technology.
 

Rosenzweig's empirical analyses show that contributions of schooling to
 

family income were higher at each schooling level in these districts. Moreover,
 

comparing the pre and post "Green Revolution" cumulative fertility experiences
 

of comparably aged women across IADP districts and non-IADP districts, he finds
 

that in 1961 the average number of children ever born to women aged 25-34 was
 

about one-third higher in IADP districts, but by 1971 it was almost equal across
 

IADP and non IADP districts. This implies that there were significantly greater
 

declines in cohort fertility in IADP districts where technological advance
 

occured.
 

A similar cohort comparison of primary school attendance showed that the
 

proportion of men with no schooling fell slightly more in IADP areas 
relative
 

to non-IADP areas. Technological advance therefore led to substantial
 

reductions in fertility and contributed to increased human capital investments,
 

without direct family planning interventions.
 

Although the author's theoretical model predicts that schooling is
 

unresponsive to adult income, he finds that an increase in adult male wage, by
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itself, increases schooling, when other exogenous variables, such as return to
 

schooling remain unchanged. Che model's hypothesis of efficient schooling
 

allocation is therefore rejected.
 

CONSEQUENCES OF CHANGES IN THE COST OF FERTILITY
 

A. BIOLOGICAL ASPECTS OF HUMAN REPRODUCTION 

For many family planning advocates and demographers, imperfect information
 

about the biological aspects of reproduction is the principal reason for high
 

fertility levels. To test this hypotheses, Rosenzweig adds a reproduction
 

function which has as its basic explanatory variables the amount of resuurces
 

used to control births, and an exogenously determined number of births that
 

would occur if there were no fertility control. He then includes the number of
 

children in the human capital production function as an additional explanatory
 

vat:able to incorporate the notion that an inefficiently controlled family size
 

will by negatively related to the investment of human capital per child.
 

Lowering fertility then directly benefits children, provided that other
 

parental behavior iE the same.
 

The higher is the per-unit cost of fertility control and the less
 

efficient fertility control resources are, the higher is fertility. If parents
 

are ignorant about fertility control techniques, the efficiency of fertility
 

control is low and hence fertility will be high. Also, if fertility and human
 

capital of children are substitutes (and parents are ignorant about family
 

planning techniques), human capital per child will be low when family size is
 

high. 

B. IMPERFECT FERTILITY CONTROL AND FERTILITY: EVIDENCE
 

Rosenzweig tests the hypothesis that the inability of couples to control
 

fertility is a principal cause of low levels of investment in human capital in
 

low income settings, and that the dissemination of birth control information
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would encourage human capital accumulation. He analyzes the various methods by
 

which such a hypothesis could be tested:
 

1. A survey could be used to determine the number of unwanted births. 
This
 

information, however, is collected "ex-post" and hence may be a function of
 

unrealized expectations. The willingness to bear "excess" children will itself
 

depend on the net cost of children, and it is likely to be correlated with
 

economic circumstances.
 

2. One might estimate the effect of variation in the cost of contraception on
 

human capital investments. Studies following such an approach show only small
 

such effects, but the data they use are unconvincing since the cost of
 

contraception depends partly on government programs for fertility control which
 

may be established where the demand for such control is highest.
 

3. One could exploit the "natural" experiment associated with the variability
 

in fecundity in the human population, i.e., the number of births that would
 

occur without any fertility control. Two methods have been used to measure
 

fecundity 
a) comparing the behavior of couples experiencing multiple births to
 

those not experiencing such births to obtain unbiased estimates of "excess"
 

births or b) comparing couples with a twin on the first pregnancy to other
 

couples. Couples experiencing a twin on their last (planned) pregnancy cannot
 

adjust their family size no matter what the cost of contraception. These
 

methods require large sample sizes, however, since very few couples have
 

multiple births.
 

In an earlier paper Rosenzweig and Schultz used detailed information on
 

contraceptive use and conception and a different approach to measure
 

"fecundity". By that approach, the difference between a couple's actual number
 

of births and the one predicted on the basis of their use of fertility control
 

is considered to be the number of births that is beyond the couple's control.
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Using data from the United States and Malaysia, they found that in both
 

countries, variations in fecundity was found to account for a small portion of
 

the variability in actual births. This suggests that little of the variation
 

in fertility is due to factors outside of the couple's control.
 

Based on studies by Rosenzweig and others in three low-income countries,
 

an estimate was obtained of the effect on children's schooling attainment of an
 

exogenous increase in fertility by one birth. All these studies confirm that
 

contraceptive control is not perfect, and that the inability of parents to
 

perfectly control fertility lowers, on average, the human capital of children.
 

The estimates obtained from these "natural" experiments suggest that
 

improvements in contraceptive technology that reduce completed fertility by one
 

child would have non-trivial effects on human capital investments.
 

The author also finds on the basis of data from Colombia and Malaysia that
 

the weight of children at birth (an important determinant of infant mortality)
 

and the spacing of children do not seem to affect human capital investments
 

very much. Biological aspects of fertility do not seem to have any important
 

consequences for human capital accumulation.
 

CONCLUSION
 

In this paper, Rosenzweig derives several predictions about fertility and
 

human capital accumulation and tests their empriical validity. His model
 

predicts: a) a positive relationship between child wage rates and fertility and
 

a negative relationship between child wage rates and level of schooling, and b)
 

schooling, if obtained efficiently, should be invariant to the direct cost of
 

having children, including fertility control and parental income. After
 

conducting different "natural" experiments to test these predictions
 

Rosenzweig concludes that there exists a pr-itive relationship between child
 

wage rate (a determinant of returns to schooling) and fertility and a negative
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relationship between child wage rate and schooling levels, in accordance with
 

the theoretical predictions. However the study rejects the hypothesis that
 

schooling is determined efficiently by parents given the model's specification
 

of parental objectives. He also finds that the cost of fertility control and
 

the biological characteristics of fertility have a rather trivial effect on
 

human capital accumulation.
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SUMMARY OF
 

PAUL ROMER'S "ENDOGENOUS TECHNOLOGICAL CHANGE"
 

Romer argues in this paper that the economic growth of wealthy countries
 

over the several past decades is too fast to be attributable to growth in labor
 

hours, physical capital and human capital alone, but should be ascribed, in
 

part, to changes in "disembodied" technology: i.e., the set of instructions and
 

designs used to combine raw materials into final goods and services. For
 

example, between 1950 and 1979, Japan increased total output by a factor of 10,
 

but a six fold increase in output per hours worked remains unexplained even
 

after allowing for increases in the labor force, capital stock and education.
 

Growth models since Solow's work in 1957 have focused on technological
 

change as the primary "engine of growth", and most have assumed that
 

technological change is exogenously given and unresponsive to changes in
 

economic incentives. Romer extends Solca's model to incorporate explicitly a
 

research or design sector that develops new technologies and is responsive to
 

changes in relative prices, which may be caused, for example, by taxes 
or
 

subsidies. 
In Romer's model the engine of growth consists of increasing
 

returns to scale in the research or design sector, combined with constant
 

returns to the number of intermediate goods used in the production of final
 

goods. Romer suggests that the availability of skilled human resources capable
 

of creating new designs affects the growth rate of technology and thus the
 

equilibrium growth rate of the economy. He also demonstrates that in his
 

model, as is the case in Solow's model, policies which promote capital
 

accumulation affect only the level of economic activity, not its 
rate of
 

growth. Romer argues finally that growth is accelerated by policies that
 

promote the development of new technology, arid by participation in
 

international trade, since tradc increases the skilled human resources
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available for employment in the research .ector.
 

THE ECONOMY
 

The economy has stocks of physical capital, human capital (training,
 

education, skill, etc.), labor, and a set of designs or instructions. The
 

flows of services from physical capital, K, from human capital, H, from labor,
 

L, and designs, A, are used in the production of various intermediate and final
 

goods. Unlike physical capital and designs, human capital is embodied in a
 

person and only its services can be bought and sold. Since Romer assumes human
 

capital is distinct from labor, human capital can be thought of as 
educated
 

workers, and labor as uneducated workers, and both types of workers make up the
 

representative family. Romer assumes 
that the amounts of L and H available to
 

the economy are fixed.
 

In Romer's economy, production of new designs requires inputs of both human
 

capital devoted to research, H2, and the existing stock of knowledge, A.
 

Specifically, the economy's output of new designs, or the addition to
 

knowledge, A is the product of these two 
inputs, multiplied by 6, a factor
 

that affects productivity: A = 6H2A. For any given amount of A, the 

number of new designs is proportional to the amount of human capital used.
 

Returns to scale, however, are increasing in the sense that if both A and H2
 

are doubled, A will quadruple.
 

To produce an intermediate input of type i requires one design. With this
 

one design any amount of the intermediate good can be produced using a constant
 

amount of physical capital, K, per unit. All types of intermediate good
 

technologies require the same amount, q, of physical capital per unit of the
 

intermediate good. The technology for the intermediate good production, given
 

that one design has been purchased, is x(i) - Ki/q for all i, where x(i) is 

the amount of intermediate good of type i, q is the amount of physical capital 
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required per unit of output, and Ki is the amount of physical capital used in
 

producing x(i).
 

The final good is produced using the different types of intermediate
 

inputs x(i), labor L, and human capital devoted to production H1. The
 

technology for producing the final good Y is given by a modified Cobb-Douglas
 

function
 

J
0 

x(i)'"-"Y - I, L di 
0 

where a, 6, and I-a-P are positive constants, and x(i) is the amount of 

each intermediate good. This technology exhibits constant returns to scale in
 

that doubling the amounts of all inputs, including each intermediate
 

good, doubles output, and it has diminishing returns to increases in the amount
 

of any one input separately. However unlike the traditional neo-classical
 

technology, output is proportional to the number of intermediate
 

inputs in use. 
 If the range of i over which x is positive doubles, while the
 

quantity of each x(i) in use is held constant, then output also doubles.
 

THE MODEL
 

The economy consists of households and three competitive production
 

sectors: a design-producing sector that engages in research and development, a
 

sector producing intermediate goods, and a sector producing final goods.
 

The many identical households are endowed initially with fixed stocks of
 

labor and human capital, and physical capital which may grow with savings, and
 

they own the firms in all three production sectors. Households earn income
 

from the provision of labor and human capital services to the firms, and from
 

interest on capital, and use their income to purchase the final good, which may
 

be either consumed or saved and used as physical capital. Households decide how
 

to allocate their human capital between the final goods sector and the research
 

sector, and how much of their income to save or consume.
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The structure of this economy is described in Diagram 1. In the diagram,
 

the short dotted lines indicate the flow of payments for inputs and outputs,
 

while the solid lines are the flow of vnods and inputs. The long dotted lines
 

indicate how the flow of new designs increases the existing stock of designs
 

available for use in the production of new designs. In the design sector
 

many firms purchase human capital services, H2 , from the households, and use
 

them to create new designs, which are then sold to the producers of
 

intermediate goods. 
 The market for creating new designs is characterized by
 

increasing returns to scale and is subject to an externality. Returns to scale
 

in the production of new design., are increasing in that if both the number of
 

existing designs and human capital services in research double, then the number
 

of new designs produced increases four-fold. The productivity of human capital
 

in the production of new designs, 6A, is independent of the amount of human
 

capital employed but 's proportional to the stock of existing designs A. The
 

externality arises due to the assumed non-appropriability of the right to 
use
 

an existing design in the production of a new design. Thus at any point in
 

time the stock of existing designs, A, is freely and immediately accessible to
 

anyone who wants to create new designs, and this benefit is external to the
 

firm which created the design. To maximize profits each firm in the research
 

sector decides how much human capital to employ, taking as given the price of
 

new designs, and the wage rate for human capital. With a large number of firms
 

engaged in research, each earns no economic profits in the competitive
 

equilibrium.
 

Romer assumes that firms in the intermediate goods industry buy new
 

designs from the research sector, and use them and some physical capital to
 

produce intermediate goods, which are sold to the final goods sector. 
 The
 

purchase of a new design which is necessary to produce ny amount of one
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intermediate input is a cost which is fixed after the firm makes the decision
 

to produce the new intermediate good. With declining average total costs, only
 

one firm produces each type of intermediate good, and it is assumed to be able
 

to exercise monopoly power. Specifically, each intermediate good producing
 

firm takes the price of designs and the interest rate as given while deciding
 

when to buy a new design or to begin production of a new intermediate good, and
 

what price to set for the intermediate good in order to maximize profit.
 

However, the many sellers of similar intermediate goods competitively bid up
 

the price of the designs they purchase and the interest rate, whenever profits
 

are positive, and thereby prevent any positive economic profits. 
Thus in
 

equilibrium, each firm's profit maximizing output earns 
revenues over operating
 

(capital) cost just equal to the interest charge of the design.
 

In the final goods sector, firms produce final goods to be sold to
 

households, using the set of available intermediate goods, and labor and human
 

capital. 
Firms take as given the price of their output, and employ profit
 

maximizing amounts of labor, human capital and each of the intermediate inputs.
 

Competition in the output market implies that firms 
earn zero profits.
 

These various production relations can be combined to express the
 

production of final goods in a "reduced form". 
 Using the idea that each
 

intermediate good 
 requires one design, and that the quantities produced of all
 

intermediate goods are equal, final output is
 

Y H-HLP A:i-(- ,
 

where R is the amount of output of each intermediate good in production and
 

A, the number of designs, is also the number of intermediate goods.
 

Since for given A, the total amount of capital required in production is
 

K-A,7 , the final goods production function becomes
 

-c
Y Ha L A[K/t7A] 1 '-, or equivalently 

Y - (AHI)O(AL)'(K)'
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In this, "reduced form" specification of the final goods production function,
 

A appears as a type of technological change which augments both labor and human
 

capital.
 

Equilibrium in this economy corresponds to a path of prices and
 

quantities which satisfy the following conditions:
 

a) Consumers male savings and consumption decisions taking interest rates as
 
given, and allocate their human capital between final goods and the
 
research sector.
 

b) Final good producers take the output price as given and choose input use
 
such that for each input, the value of the marginal product equals the
 
price of the input.
 

c) Firms producing intermediate goods maximize profit, taking the interest
 
rate, the price for designs and the demand curve for their outputs as
 
given.
 

d) Firms producing designs employ human capital such that its wage equals
 
the value of its marginal product, taking for granted the wage of
 
human capital and the price of designs.
 

e) Supply equals demand for all goods.
 

f) Profit is zero in all production sectors.
 

BALANCED GROWTH EQUILIBRIUM
 

Romer examines the properties of an equilibrium called the balanced"growth
 

path because the stock of designs, the stock of physical capital and final
 

output all grow at the same rate, g. Restricting his attention to this growth
 

path he derives the equilibrium prices and quantities using conditions from the
 

optimizing behavior of the agents in the different sectors, and also the
 

condition that supply equals demand.
 

Since Romer assumes a design technology such that the growth rate of new
 

designs s proportional to the human capital employed in the design sector, the
 

growth rate is constant if the allocation of human capital to designs is
 

constant.
 

Mobility of human capital ensures that human capital wages and hence
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productivity, are equal in the two sectors using human capital: the design
 

sector, using H. units, and the final goods sector using H1 units. 
 Romer's
 

design technology and final goods technology are such that the marginal
 

products of human capital in each sector are proportional to the number of
 

designs, A., 
 and the number of intermediate goods, respectively. As a result,
 

as A grows the productivities of human capital in the two sectors grow at the
 

same rate, and the wage for human capital also grows at that rate. Thus an
 

allocation of human capital which equates its productivity in the design and
 

final goods sectors in cne period, equates human capital productivities in all
 

periods. In a steady state of blanaced growth therefore, Hi and H2 , remain
 

constant over time.
 

Since final goods production is proportional to the number of intermediate
 

goods, A, final goods output must grow at the same rate as A.
 

Household preferences are assumed to be of a form, whereby utility
 

maximization implies a constant interest rate, given a constant rate of growth
 

of consumption.
 

Capital is employed only in the intermediate goods sector, so K=Ain,
 

and K and A must grow at the same rate. Finally, the definition of consumption
 

as income less savings implies that along the balanced growth path consumption
 

relative to income is constant. Therefore, the growth rate of consumption
 

equals the growth rate of income and of capital.
 

Profit maximizing behavior among intermediate goods producing firms
 

implies, for a given interest rate, r, a profit maximizing output R for each
 

intermediate good, and so a profit maximizing margin n between current revenue
 

and current operating expenses. Competition among the intermediate goods
 

producing firms means that they will bid down to zero the profits from
 

producing a new intermediate good. In equilibrium, the difference between
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revenue and operating costs, given profit maximization, must equal the interest
 

cost on the price of the design: lr-rPA. Since the interest rate was shown
 

to be constant, and the production of each of the intermediate goods is also
 

constant, the price of the new design must be constant.
 

Thus in the balanced growth path, all prices are constant and output,
 

capital, consumption, and the number of designs all grow at the same rate g,
 

THE DETERMINANTS OF GROWTH
 

Given the mathematical forms of the production technologies and household
 

preferences, Romer can solve explicitly for the equilibrium balanced growth
 

rate,
 

6H-Ap
 
g Aa+1
 

where A =c/(l-)(a+ ), p is the rate of time preference, and c is a
 

parameter denoting the intertemporal elasticity of consumption. The factors
 

influencing growth are discussed below. Determinants of the growth rate which
 

are of particular interest are the stock of human capital, H, and 
a parameter
 

6 for the productivity of human capital in the dcsign sector.
 

The rate of economic growth in the balanced growth equilibrium is higher
 

the greater the stock of human capital, because any increase in the total stock
 

of human capital increases the allocations of such capital to each sector.
 

More human capital in research implies a greater number of new designs created,
 

more new intermediate goods produced, and thus faster growth in the economy.
 

As a result, if an economy were opened to free trade with another identical
 

economy, 
the increased amount of human capital in this integrated world
 

implies that more human capital would be devoted to research, since both
 

economies use the same number of intermediate goods and design., and both
 

economies would grow at a higher rate, as 
a result of the higher rate of
 

induced technological innovation.
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A key parameter in the growth process is 6, which determines the
 

productivity of human capital in design for a given stock of knowledge, A. 
The
 

greater this productivity level, the greater is the growth rate of designs for
 

any level of human capital employed, and the greater the growth of the economy.
 

The growth rate does not depend on the labor supply and hence population
 

growth cannot increase the rate of growth of the economy. Similarly, any
 

changes in the capital stock affects only the level of economic activity, but
 

not its rate of growth.
 

The rate of growth attained in a competitive equilibrium is not the highest
 

achievable, since new designs have both internal as well as external benefits.
 

Creators of new designs receive payments only for the internal benefit, and
 

therefore they produce less than ideal numbers of new designs.
 

Subsidization of research, if financed by lump-sum taxes, allocates more
 

human capital to the research sector and less to final g3ods production, and so
 

implies faster growth. No welfare conclusions are possible however, without
 

analyzing the transition path from one steady state to another. In this
 

economy, a government subsidy for physical capital formation does not change
 

the growth rate, which depends on the level of human capital and not on the
 

level of physical capital. However, a subsidy of physical capital will raise
 

the level of economic activity, if financed by lump-sum taxes, since the
 

increase in savings and capital formation increases the level of output
 

produced per person.
 

CONCLUSION
 

In this paper Romer studies the causes of economic growth by introducing a
 

research sector that creates new technologies in response to economic
 

incentives. His model shows that diversity across countries in their rates of
 

economic growth could be explained by differences in the skilled human
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resources available to develop new technologies or in the types of government
 

policies affecting the research sector or the formation of skills. The
 

long run rate of economic growth is shown to be independent of taxes or
 

subsidies on the formation of physical capital. An analysis of the impact of
 

an expansion of the market shows that the gains from participating in a larger
 

market include faster balanced growth rates.
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SUMMARY OF
 

PAUL KRUGMAN'S "ENDOGENOUS INNOVATION, INTERNATIONAL TRADE AND GROWTH"
 

The neo-classical model of economic growth has identified technological
 

advances as a major source, or engine of economic growth, but created their
 

incidence as a product exogenous to the economy. Some recent attempts at
 

making technology an endogenous part of the growth process, according to
 

Krugman, have treated innovations as "an accidental by-product of economic
 

activities undertaken for other processes". In this paper Krugman adopts a
 

"Schumpetarian approach" 
 to explain the occurrence of innovations and
 

to derive insights about its basic determinants, impact on growth, and welfare
 

implications. The basic incentive for innovation, by this approach, is derived
 

from temporary monopoly profits to the innovating firms in the period following
 

their inventions, before the latter are adopted by competing producers.
 

Although the temporary monopoly achieved by the innovators causes a static
 

economic inefficiency, because of the distorted allocation of resources, this
 

is a price worth paying in the context of Krugman's Schumpetarian analysis,
 

because it results in the economy's achievement of ultimate dynamic efficiency,
 

i.e., a higher level of per capita consumption than would be achieved without
 

innovation. A major implication of Krugman's model of endogenous innovation is
 

the importance of free international trade, since international integration, by
 

expanding the size of the market, enhances the incentive to innovate, and
 

therefore accelerates economic growth as well as world-wide economic
 

development.
 

THE ECONOMY
 

Krugman's economy is comprised of N goods and a fixed population of L
 

identical individuals who live through three "relevant" periods. 
 In the first
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period, the economy is competitive and firms must decide whether to undertake
 

innovative activity. 
 In the second period, each firm that innovates enjoys an
 

exclusive monopoly over (the use of) its superior technology, and thus earns
 

monopoly profits. 
 In the third period these monopoly gains dissipate as the
 

improved technologies become public goods and are shared by producers of the
 

same goods. Individuals possess one unit of labor in each period and spend the
 

income they earn on N different consumption goods. Their preferences are such
 

that their spending is divided equally among these N goods in any given period
 

(technically, this is because all goods have unitary income elasticities of
 

demand).
 

The N goods are produced in N different sectors by a large number of
 

firms. Given competition among the many producers of each good, and constant
 

production costs, the price of each good equals the unit cost of production.
 

Assume that labor is the only input required to produce these goods. The unit
 

labor requirement to produce each good depends on whether any investment bas
 

been made in improving the technology. Without any such investment the unit
 

labor requirement for producing each good is 1. With investment in
 

technological improvement, the unit labor requirement is 
a fraction of that
 

cost, 7, (where 7 is greater than zero but less than 1). No other
 

investments are possible.
 

In the first period, all firms produce using the technology that has a
 

unit labor requirement of 1. 
Labor in this period can be used to produce goods
 

for current consumption or to invest in innovation. 
These investments require
 

F units of labor in the first period. Firms which invest in such innovation in
 

the first period will have a superior technology in future periods and will
 

consequently need to Employ only y units of labor per unit of the good. 
 Firms
 

which do not invest in innovation possess the old technology in the second
 

period, but in the third period may freely copy the innovation for their own
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use. Hence in the second period, only innovating firms which have a temporary
 

monopoly over the new technology produce, and these have a per unit cost of 
-


units of labor. In the third period, the new technology becomes common
 

property, and all firms in sectors where innovations occurred produce with a
 

per unit cost of 7 units.
 

ilTERTEMPORAL EQUILIBRUIM
 

Suppose that there were innovations in n sectors in the first period.
 

These improved technologies will be available to all the firms in these n
 

sectors in the third period. Hence the economy in the third period will
 

consist of n sectors where the unit labor requirement is -y,and N - n remaining
 

sectors where the unit labor requirement is 1. Given the model's assumption,
 

under competition prices must equal the unit (labor) cost of production.
 

Hence, the price of goods in the n innovating sectors will be I units of labor
 

while in the N-n remaining sectors, where there are no innovations, the price
 

will be one unit of labor.
 

In the second period, in the n sectors where innovations occurred, the new
 

technology is available only to the innovating firms, thus allowing them to
 

establish temporary monopoly positions. Since in each one of these n sectors
 

there is a large number of firms which produce if the price is not less than
 

their per unit cost of 1 dollar, the monopolist innovator in each sector can
 

produce at a per unit cost of 7 units of labor and sell each unit at a price
 

just less than 1 unit of labor. The difference of (1-7) units of labor is the
 

per unit rent received by the monopolist. Monopolists in these n sectors
 

charge the same price as others even though they possess a more efficient, less
 

costly technology. None of the gains from this innovation is passed on to the
 

consumers in the form of lower prices. 
 If there were no monopoly power and the
 

improved technology became common property in the second period, the price
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would be reduced to - units of labor and consumers would receive the benefits
 

instantaneously.
 

In the first period, firms must decide whether to innovate. If a firm
 

decides to invest in innovation it has to spend F units of labor in the first
 

period. However, it receives a rent of (1-7) per unit sold in the second
 

period. 
The incentive to innovate is therefore generated by the rent the firm
 

receives in the second period. As long as the total discounted rent is larger
 

than the cost of investing in innovation, the firm has an incentive to
 

innovate. The model further predicts a relationship between the return on a
 

dollar invested in innovations and the equilibrium number of innovations (i.e.,
 

the number of sectors in which innovations take place).
 

Since the rent constitutes additional income that is spent on additional
 

consumption of all goods, the greater the amount of innovations, the larger is
 

consumption and hence the market for 
 each good. The rate of return
 

to innovation then increases. This relationship between the return to
 

innovation, P, and the volume of innovation, N, is shown as curve II in Fig. 1.
 

The return on investment in innovation must provide sufficient
 

compensation not just to producers but to consumers as well, since optimal
 

intertemporal allocation of consumption is achieved when the return on
 

investment in "capital" (here taking the form of innovation) equals the
 

marginal tradeoff between present and future consumption. In Krugman's
 

analysis, the latter tradeoff -- the opportunity cost of investment in
 

innovation in terms of trading present for future consumption -- increases with
 

the volume of innovations, n, because as n increases more resources must be
 

diverted from present consumption to the production of innovations. Hence the
 

return on innovations necessary to compensate consumers, P, must be an
 

increasing function of the volume of innovations, n, and this relationship is
 

,represented by the upward sloping CC curve in Fig. 1.
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From Fig. 1, the equilibrium volume of innovation occurs at a level in
 

which the curves II and CC intersect, i.e., where the marginal return to
 

producers equals the return required by consumers for trading present for
 

future consumptiop. 
As long as the return required to induce consumers to
 

release resources to innovation is initially lower than the returns achieved by
 

producers from innovation (invention activity would take place, resulting in 
a
 

positive amount of innovating industries no).
 

WELFARE ECONOMICS OF MONOPOLY
 

Recall that in Krugnan's model the incentive to innovate is created by the
 

existence of temporary monopoly power for the innovating firm. As is generally
 

the case under monopoly, its profit maximizing decisions result in
 

inefficiency, since the price that consumers pay does not reflect the real cost
 

to society, and hence there is underproduction in the commodity controlled by
 

the monopolist from a social point of view. However, in this model these costs
 

of monopoly are shown to be outweighed by the benc~fits from monopoly-induced
 

innovations, so that the temporary monopoly does more good than harm.
 

Krugman analyzes the welfare implications of monopoly-inducing innovation.
 

There are n sectors using an improved technology in the second period, while N

n sectors use the unimproved technology. In the production of the improved
 

goods the unit labor requirement is reduced to 7 units while for unimproved
 

goods the unit labor requirement remains I unit. The Production Possibility
 

Frontier (PPF) in Fig. 2 shows the maximum possible amounts of the improved and
 

unimproved goods that can be produced. given the technology and the available
 

resources. If there were no monopolies in the improved goods sectors,
 

consumers would face a relative price 7 and could have consumed the bundle A.
 

However since the monopolies operating in the improved goods sector charge a
 

price of 1 rather than 7 unit of labor for these goods, consumers purchase an
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inferior consumption basket represented by B. If monopoly power was disallowed
 

but innovation somehow took place, the consumption bundle at A would have been
 

attainable. However, with monopolies, the economy can achieve only the
 

inferior bundle at B. This analysis illustrates the static efficiency loss to
 

the economy in the second period due to monopoly.
 

Krugman first considers the intertemporal allocation of consumption across
 

the first two periods. 
 During these two periods, the price of consumption of
 

any good in terms of labor is 1. Each individual is endowed with one unit of
 

labor every period and since storage of goods is not possible, each consumes
 

one unit of the good in each period if innovations do not take place.
 

This "endowment" point is denoted as E in Fig. 3. C1 and C2 in that
 

figure denote the amounts of consumption in the first and second period,
 

respectively. If innovation takes place, then it must be true that the return
 

on innovation is larger than the cost in terms of postponing consumption. It
 

must therefore be possible for individuals to trade their initial endowment for
 

a superior consumption basket at D. By reducing present consumption, C1 , and
 

investing in innovation they are able to increase their future consumption by
 

an amount that more than compen:.ates them for their sacrifice in postponing
 

consumption. 
The economy is therefore better off with the monopoly-induced
 

innovation.
 

This two-period gain is not the total gain to the economy. 
In addition to
 

the second period gain, the innovation becomes public property in the third
 

period so that all the firms in the. n improved sectors produce at the lower
 

cost of -ylabor units. The economy is able to consume the bundle A in Fig. 2
 

since there is no monopolization from period 3 on and fie improved technology
 

is available to all. 
 Monopoly power which occures as a result of innovation
 

helDs rather than hinders social welfare.
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INTERNATIONAL INTEGRATION
 

What is the effect of free trade on innovation? Krugman addresses this
 

question by considering a world with two countries which are identical in
 

tastes, original technology and innovation costs. He shows that opening both
 

countries to free trade has a positive impact on the total number of
 

innovations. Assume that the temporary monopoly power granted to an innovating
 

firm in one country extends to the entire world. 
On the one hand, the II curve
 

which depicts the relationship between the number of innovations and the
 

producer's return to innovation will shift up to Ii Ii in Fig. 4. Free
 

trade expands the size of the market and the monopolist is thus able to
 

generate a larger rent by selling more units than would have been possible With
 

a closed economy. On the other hand, the cost per person is smaller, since the
 

fixed cost per innovation of the F units of foregone consumption in the first
 

period is spread over a larger population. This shifts down the CC curve which
 

depicts the relationship between the cost of foregone present consumption and
 

the number of innovations, to C1 C1 in Fig. 4. The number of innovations
 

per country in an integrated world economy is higher, at n2 , than the number
 

of ni under isolation. Since the number of innovations is larger, consumers
 

are necessarily better off under an integrated world economy.
 

LONG TERM GROWTH
 

Krugman's model so 
far has included only 3 rigidly define.' periods. He
 

also considers a situation of continuous growth where for a particular
 

industry, innovation, monopolization and diffusion of innovations occur
 

simultaneously. Consumers still allocate equal shares of their income in every
 

period to consuming the N goods. Innovation requires an investment of F units 

of labor and lowers unit labor requirement to 7 units in subsequent periods. 

At every point in time, there are n firms spending F units of labor on 
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innovation, there are n goods where one firm has an improved technology
 

developed in the previous period, and there are n goods where an innovation
 

which took place two periods before is now public property.
 

A steady state in such an economy is described as one where innovation
 

takes place every period in n sectors. In such a steady state the rate of
 

growth of consumption as well as the real wage rate will grow at 
a steady rate.
 

As in the earlier model, it is possible to obtain a CC schedule with the
 

property that the higher the rate of innovation, the higher is tomorrow's
 

consumption relative to today's consumption, and hence the higher is the rate
 

at which the sacrifice in today's consumption for increased future consumption
 

must be valued. This is depicted by CC in Fig. 5. Similarly the producer's
 

return to innovation as a function of the volume of innovation is depicted as
 

II in Fig. 5. 
A fraction of the sales in every period is collected by the
 

monopolists in that period as rent. 
However since the real wage rate is
 

rising, labor next period is 
more costly than labor this period, and
 

consequently, the real rate of return to innovation is now lowered. 
The II
 

curve can still be depicted as an upward sloping curve, however, as long as a
 

one percent reduction in present production brings fortn an increase in future
 

production larger than one percent. 
In this diagram n3, p3 and n4, p4 denote 

the equilibrium rate of innovatiun and the rate of return before trade and
 

after trade, respectively. An increase in the size of the economy due to free
 

trade will again result in a shift of the II 
curve to I' I' since more
 

labor is available. 
The CC curve will now remain unchanged, however, as the
 

market size increases, unlike the situation in the earlier analyses.
 

Previously, innovations took place just in the first period, and hence an
 

increase in the population of consumers due 
to trade reduced only the fraction
 

of first period resources that must be sacrificed for investments in future
 

consumption. 
In this version of the model, however, innovations occur at the
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same rate every period, and thus an expansion of the population reduces the
 

fraction of resources that must bi diverted towards innovation in all periods.
 

Consequently, the rate at which present consumption is traded off for future
 

consumption remains unchanged.
 

CONCLUSION
 

Following the Schumpetarian analysis of the process of innovation, Krugman
 

argues that innovations take place as a result of the force of incentives
 

introduced by temporary monopoly gain to innovating forms. Such temporary
 

monopoly power benefits the economy because by facilitating innovate activity
 

it results in a higher level of future income and consumption per-capita.
 

Krugman takes this idea one step further by identifying induced technological
 

innovation as an engine of growth. 
 In his analyses, a steady-state rate of
 

innovative activity results in a stready-state rate of economic growth.
 

Therefore economic conditions that affect the level of innovation affect the
 

rate, not just the level of growth.
 

One such condition is the free trade among nations. International
 

integration, by increasing the size of the market for inventions, encourage the
 

rate of innovations beyond its level in a closed economy, and this induced
 

innovative activity generates additional gains from trade. Policies that allow
 

temporary monopoly power tln-ough patent rights, which remain in force 
over a
 

limited time period, and policies that encourage free trade are therefore
 

beneficial to economic growth.
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SUMMARY OF
 

ROBERT KING AND SERGIO REBELO'S "PUBLIC - POLICY AND ECONOMIC GROWTH:
 

DEVELOPING NEO-CLASSICAL IMPLICATIONS"
 

King and Rebelo examine the power of the neoclassical growth model
 

associated with Robert Solow to explain the key facts of economic growth, and
 

explore in detail the quantitative implications of alternative tax policies in
 

their own model of endogenous growth, using a series of computed examples.
 

The authors claim that the neoclassical model, which has as one of its basic
 

inferences the prediction that rates of economic growth would converge across
 

countries over time, is inconsistent with the observed facts. Moreover, the
 

path along which economies actually move toward a steady state according to
 

that model has implication for magnitudes of economic variables thaz are
 

inconsistent with Kaldor's stylized facts covering the process of development.
 

They point out that the neoclassical model can offer no explanation of
 

persistent differences in growth rates of income per capita, becL'se it assunes
 

that the source of such growth, technological change, is exogenous to the
 

model.
 

Models of endogenous, steady state growth have been developed recently by
 

Rebelo, and King and Rebelo here explore the welfare and policy implications of
 

such models. In these models, endogenous growth occurs because the production
 

of a final good is assumed to have constant returns to scale in reproducible
 

inputs, i.e., physical and human capital, and hence increasing returns in these
 

inputs and labor together. They show that in general the effects of taxes on
 

economic activity and welfare are several times greater than in the
 

neoclassical model, because in the latter, government'policy, by assumption,
 

affects only the level, but not the rate of growth, of economic activity.
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STYLIZED FACTS OF ECONOMIC GROWTH
 

The authors review new data about some of the generalizations concerning
 

economic growth and development which Kaldor called stylized facts when he
 

first presented them almost 30 years ago. They claim that the variance in real
 

per capita income growth is quite high: since the Second World War, some
 

countries have achieved annual growth rates of almost 6%, while others have
 

declined at about 1% annually. In addition, longer run data show little
 

evidence for any secular decline in growth rates among industrialized
 

countries. The relation between the size of government and the rate of
 

economic growth is negative, but is especially sensitive to the sample period
 

in question: the correlation is essentially zero from 1950 to 1969 but is -.33
 

from 1970 to 1981. Finally, the authors present abundant evidence, from
 

the U.S. and other countries, to show that the interest rate has remained
 

approxinately stable over long periods.
 

COUNTERFACTUAL IMPLICATIONS OF THE NEOCLASSICAL MODEL
 

King and Rebelo (henceforth KR) criticize the basic neoclassical model
 

associated with the work of Robert Solow by arguing that it can not be
 

reconciled with the observed diversity of economic growth rates among different
 

countries without either 1) assuming different, exogenously given rates of
 

economic growth, or 2) generating counterfactual implications about real
 

interest rates, prices of capital, or international capital. flows.
 

They present a version of the neoclassical growth model in which the only
 

sustainable growth rate for income, investment and per capita consumption,
 

arises from an exogenous, labor augmenting technological change. They also
 

assert that the per capita incomes of different countries should converge to
 

the s3ame level. The countries which are initially poorly endowed with capital
 

must grow faster in order to catch up, so this "catch up" growth implies a
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negative correlation between the initial level of per capita income, and the
 

rate of growth of per capita income. The fact that this correlation is not
 

observed in the data is sometimes interpreted as a strong criticism of the neo

classical model, but the authors argue that this criticism is unconvincing
 

because the neoclassical model can be reconciled with a diversity of growth
 

rates if countries differ not only in their initial endowments of physical
 

capital, but also their technologies, preferences and public policies. They
 

argue, therefore, that the neo-classical growth model cannot be rejected
 

without a more complete evaluation of its properties in light of the historical
 

data on economic growth.
 

KR analyze the implications of the neoclassical model for interest rates,
 

assuming that all growth in income per capita results from the accumulation of
 

capital, and not from a change in the exogenous technology. They consider
 

first a Cobb-Douglas production function which has constant returns to scale in
 

the use of the two traditional inputs, physical capital and labor.
 

(1) y - AKkN' -% 

Output is denoted by Y, capital by K and labor by N. The overall productivity
 

is measured by A, and the exponents, ak and 1-ak are the output shares 

of capital and labor respectively. KR solve for capital use as a function of
 

interest rates by assuming that labor's share I-c , is 1/3, and that capital
 

is paid the value of its marginal product. Substituting this expression for
 

capital into the per capita production function, Y/N - AlekNk, and
 

assuming that per capita income now is seven times greater than one hundred
 

years ago, King and Rebelo compare the interest rate today with the rate
 

predicted by the model for the period one hundred years ago, assuming that
 

technology, A, has not changed. The prediction is that the real rate 100 years
 

ago should have been almost 800% per annum, if the appropriate real rate today
 

is 6.5%, and if the rate of depreciation of capital is 10%. Since interest
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rates of this order of magnitude have never been observed, they argue that this
 

implication is counterfactual and that therefore the neoclassical model should
 

be rejected, in that its transitional dynamics can not be the main source of
 

growth in real world economies.
 

KR consider several alternative parameterizations of the neoclassical
 

model which differ from the baseline case just presented. Provided that the
 

values for capital share, depreciation and current interest rates are chosen to
 

reflect the data accurately, values for early interest rates are less than 50%
 

per annum only if transitional dynamics are assumed to account for less than
 

25% of growth, and increases in technology for at least 75%. An alternative
 

production function, which allows different elasticities of substitution
 

between capital and labor, is shown also to imply that either initial interest
 

rates are too high, or that capital's share of output grows in a manner
 

contradicting one of Kaldor's stylized facts.
 

The authors continue to explore the implications of the neoclassical model
 

by specifying preferences so that the paths of all prices and quantities in
 

competitive equilibrium can be calculated. They assume first that preferences
 

are such that the elasticity of consumption is constant, and as a result,
 

interest rates are constant for a constant rate of growth of constvption. Using
 

numerical methods to solve the system of two nonlinear first order differential
 

equations which describe the growth of the economy, they compute values for the
 

real interest rates, capital growth and output growth for the different
 

periods. As in the baseline 
case where interest rate changes were calculated
 

without regard to preferences, interest rates are extremely high, greater than
 

125% on average, during the first five years. Lower intertemporal substitution
 

in consumption implies lower economic growth in early periods but even more
 

implausible interest rates. Changing the form of preferences so that they are
 

74
 



Stone-Geary, i.e., consistent with a subsistence consumption level, implies
 

that interest rates in early periods are even higher than in the other models
 

considered.
 

To investigate whether the adverse implications for the behavior of real
 

interest rates are a consequence of the one-sector nature of the models under
 

consideration, KR also consider the implications for interest rate behavior in
 

a two sector model, where the sectors differ in the intensity with which each
 

uses the factors of production. In an exercise which parallels the baseline
 

case described above, the authors show that the only way to get plausible
 

values for the early interest rates is to assume that the share of capital in
 

the capital sector is .9, i.e., there are almost constant returns to capital.
 

Since this is inconsistent with abundant data that the share of capital is less
 

than .4, they conclude again that the implications for interest rates are
 

strongly at odds with the facts.
 

Modern investment theory has postulated that one reason that capital does
 

not adjust instantaneously to its optimal, long run value is the existence of
 

adjustment costs which may be positively related to the growth rate of the
 

capital stock. In the analysis of adjustment costs, an important ratio, dubbed
 

q by James Tobin, is the stock market valuation of capital relative to its cost
 

of replacement. With positive adjustment costs, this ratio may be greater or
 

less than one but has rarely been estimated to exceed 2.0. The introduction of
 

adjustment costs into the model implies that initial interest rates are much
 

lower, but that q in initial periods is at least 13, and hence a value that is
 

strongly at odds with available data.
 

KR also consider the implications of these numerical results for economies
 

that engage in international trade. The seven fold difference between US per
 

capita income today and one hundred years ago is comparable to the difference
 

between per capita income today in the US and in poor developing countries.
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Given the seven-fold difference in per capita income levels between rich and
 

poor countries today, and assuming that different countries have the same level
 

of technology, the model predicts international differences in interest rates
 

so large that enormous international capital flows should result, and these
 

would nearly instantaneously eliminate the differences in per capita income.
 

KR conclude, therefore, that it is impossible to explain observed patterns
 

of growth by the transitional dynamics of the neoclassical model without
 

generating false implications for the behavior of key endogenous variables such
 

as interest rates, the ratio q, or the share of capital. If, however, the
 

diversity in growth rates is not a consequence of transitional dynamics then it
 

can be explained in the neoclassical model only by assuming whatever particular
 

pattern of exogenous growth rates is necessary to explain the facts,
 

and this amounts to assuming the very pattern they are trying to explain.
 

POLICY AND ENDOGENOUS GROWTH
 

The authors point out that in the traditional neoclassical model, growth
 

occurs either through transitional dynamics, shown above to be unimportant
 

empirically, or through technological progress occurring at a rate exogenous
 

to, and independent of, relative prices and government policy. 
Such a model
 

is a particularly inappropriate environment in which to address either positive
 

questions about why some countries grow so much more slowly than others, 
or
 

normative questions about what types of government policies might serve to
 

encourage faster growth.
 

They argue that the variable A denoting technological efficiency is in
 

fact dependent on formal education, on-the-job training, basic scientific
 

research, product development, innovation in systems and management, etc., and
 

that all of these components of technology respond to prices, incentives, and
 

changes in government policies. If these components of technological progress
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could be sununarized by a single composite variable, called human capital, then
 

a key decision in the growth process is the rate of accumulation of this
 

variable.
 

The authors extend earlier work and develop a growth model in which
 

human capital, a determinant of efficiency, may be produced using labor and
 

physical capital. They illustrate the economic implications of such a model in
 

a series of environments in which the number of variables which are endogenous
 

to the system is increasing, and in which several assumptions about the nature
 

of technology are successively relaxed.
 

INDIVIDUAL HUMAN CAPITAL ACCUMULATION
 

Drawing on earlier theoretical work by Sherwin Rosen and Gary Becker on
 

the microeconomics of the accumulaticn of human capital, KR show that if both
 

the rate of return to human capital investment and the wage rate are exogenous
 

to the representative individual, then the efficient allocation will be
 

characterized by complete specialization. Investment in human capital occurs
 

by taking some wage income and spending it, e.g., through schooling, on human
 

capital production, with investment being either positive or zero, depending on
 

whether the wage rate 
is greater or less than the net return on investment to
 

human capital.
 

Specialization in human capital production is not observed in aggregate
 

economies, so to ensure that the model's assumptions do not result in
 

specialization, King and Rebelo modify the problem of investment in human
 

capital to include adjustment costs, so that the capacity to grow at any
 

point in time is diminishing in investment. Their assumption about human
 

capital formation is
 

(2) Ht+1 - 0(It/Ht)Ht + (l-6)Ht 

where Ht denotes the human capital stock at time t, O(It/Ht) is a 
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function denoting the adjustment costs, and 6 is 
a parameter denoting the
 

The function 0 is assumed to have a positive
depreciation of human capital. 


slope in I/H which decreases as I/H increases, so that 
investment is
 

investment grows relative to a fixed human
 
increasingly less efficient as 


capital stock.
 

The authors solve the household's problem of selecting 
an optimal path of
 

investment in human capital in order to maximize utility, 
assuming that there
 

are some costs of adjustment of raising the stock 
of human capital, that the
 

wage rate for labor is proportional to the stock of human capital, 
and that
 

efficient capital markets permit the household 
to borrow against future
 

They show that the optimal rate of human
 earnings at a given interest rate. 


capital growth depends on the wage rate relative to the price of human capital,
 

the real interest rate, the rate of depreciation of human capital, and 
the
 

specification of adjustment cost.
 

PRODUCTION STRUCTURE & A SMALL OPEN ECONOMY INTERPRETATION
 

to
 
The authors explore the implications for growth 

of an economy identical 


the one in III. above, except that it produces two outputs, which may be
 

The production of each output is characterized by

traded internationally. 


scale in both labor (in efficiency units) and 
capital. The
 

constant returns to 


a commodity good, and the second is gross investment in human
 
first output is 


capital production. Physical capital in each sector is assumed to 
grow with
 

investment and to decline with depreciation, and 
the economy-wide investment in
 

the amount of the commodity good which
 any period must equal total savings, or 


is not consumed.
 

Considering first the implications of static efficiency, 
KR show that the
 

tax rates on capital and labor inputs in this two-sector 
model influence the
 

price of human capital.
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GENERAL EQUILIBRIUM DETERMINATION OF INTEREST AND GROWTH RATES
 

In a general equilibrium model, the effects of tax policies depend upon
 

assumptions about preferences, in addition to the assumptions about technology
 

which were all important in determining growth rates in the earlier section.
 

The general equilibrium can be interpreted as depicting either an economy
 

that does not trade with tne rest of the world, or the world economy as a whole.
 

Given a particular form of preferences and the maximization of household
 

utility a relation exists between the growth rate of consumption and the
 

interest rate. The relation is
 

(3) fg-' = i/(l+r), 

where r is the real interest rate, g is the growth rate of consumption, P is
 

the rate of time preference; and a is a parameter denoting the ease of
 

substitution of current consumption for future consumption.
 

POSITIVE IMPLICATIONS OF TAXATION FOR ECONOMIC GROWTH
 

The authors use numerical methods to explore how the growth rates of this
 

general equilibrium model respond to alternative specifications and assumptions
 

about technology and preferences, and to different types of taxes.
 

Two different production activities are specified. The inputs in both
 

activities are capi-al, and labor measured in efficiency units, NH, where N is
 

the number of worker hours and H is 
the stock of human capital. The first
 

sector produces a good which can be either consumed, or saved and invested as
 

physical capital. The second sector produces an investment good, IH, which
 

can be used only to accumulate additional human capital. In both sectors
 

returns to scale are constant in the use of physical capital and number of
 

workers alone, and increasing in the use of physical capital, and labor
 

measured in efficiency units. In addition, returns to scale are constant in
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the use of the two reproducible factors of production: physical capital and
 

human capital. The assumptions guarantee the continuous, endogenous growth in
 

the model.
 

The assumed technologies in both sectors have the property that the
 

proportional increase in one input required to keep output constant after a
 

hypothetical decline of the other input is constant. Both sectors are subject
 

to proportional taxes on sectoral output, and the proceeds from these taxes are
 

redistributed in a lump sum manner. The employment of labor and physical
 

capital in ti two sectors is constrained not to exceed the available stock of
 

these inputs.
 

The growth in physical capital -:-r<
one period to another depends on the
 

depreciation of previously existing physical capital, and the investment, or
 

savings from the output of the first production sector. The growth of human
 

capital similarly depends on the depreciation of pre-existing human capital,
 

and on investment in new human capital. KR use the assumptions about
 

adjustment costs developed earlier, which imply that the returns to investment
 

in human capital goods are diminishing at any point in time. As a result, it
 

is never optimal to specialize solely in human capital production or in final
 

goods production.
 

KR conduct their simulation studies using a benchmark case marked by
 

parameter values which they claim are chosen to reflect available data as
 

closely as possible. Accordingly they assume that labor's share of income in
 

sector one is 2/3, that the intertemporal elasticity of substitution in
 

consumption is 1, that the steady state real interest rate is 6.5%, and that
 

the depreciation rate of physical capital is 10%. The adjustment cost function
 

is assumed to be quite linear, if adjustment costs were negligible then the
 

function 0(1/H) in equation (2) should coincide with I/H.
 

Since there is considerable uncertainty about the measurement of the
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output and inputs of sector 2, which produces the human capital investment
 

good, dche authors explore at some length the implications of different
 

assumptions for the technology of this sector, and argue that the particular
 

assumptions made have little bearing on their conclusions regarding tax
 

policies.
 

-(4) IH - A2K k(HN)' k. 

The effects of alternative tax policies on the steady state rate of
 

economic growth are presented using a series of computed examples, assuming
 

human capital depreciation is 10%, so that the minimum feasible economic growth
 

is -10%. Tax policies are in the form of levies proportionate to the outputs
 

of each of the sectors, and the proceeds are assumed to be rebated in a lump

sum manner. (Thus, if tax rates are negative, the rebates amount to lump-sum
 

taxes). Assuming that labor shares in each sector are 2/3, and that the
 

technology parameter accounting for total factor productivity in the production
 

of human capital, A2 is .0834, the endogenous growth rate rises from -2.3 to
 

2.9 as the tax rate imposed on each of the two sectors falls from 50% to -10%.
 

Since the benchmark case was defined uith parameters such that the endogenous
 

growth rate was 2%, both tax rates are then assumed to be zero. If the tax rate
 

on sector 2 output is kept equal to zero, while the tax rate on sector 1 output
 

declines from 50% to zero, then the growth rate grows from 0.19% to 2%.
 

In another series of calculations, labor's share in the human capital
 

sector 2 is increased to 90%, and the parameter A2 is changed to .0918 to
 

ensure that the benchmark case still generates growth equal to 2%. In this
 

case, as the tax rates in both sectors decline from 50% to -10%, the endogenous
 

growth rate rises from -1.2% to 2.8%. If the tax rate on the human capital
 

sector is kept constant and equal to zero while the tax rate on sector 1 output
 

falls from 50% to zero, then the growth rate rises from 1.3% to 2%.
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The authors also consider a case in which the elasticity of substitution
 

in consumption is now 5, instead of 1, as was assumed in the earlier examples.
 

If the labor shares in both sectors are equal to 2/3, then as the tax rate in
 

both sectors falls from 50% to -10%, the growth rate rises from 1.1% to 2.1%.
 

If the tax rate on the human capital sector is fixed at zero while the tax rate
 

on sector 1 drops from 50% 
to zero, the rate of growth of the economy increases
 

from 1.6% to 2%.
 

Finally, the authors consider the case of an open economy, able to borrow
 

and lend freely to the rest of the world at 
a constant interest rate. They
 

calculate an example where in the absence of any taxes there would be no 
trade,
 

or borrowing and lending, because the domestic economy would have prices
 

identical to world prices, and both economies would grow at the benchmark rate
 

of 2%. With tax rates in each sector as low as 2.5%, the accumulation of huan
 

capital is completely shut off, and growth is its lowest feasible value,
 

-0.0128.
 

WELFARE IMPLICATIONS OF TAXATION
 

The authors consider the effects of alternative tax policies on
 

welfare using their endogenous growth model. In general the effects of taxes
 

on welfare are much larger in endogenous growth models than in the traditional
 

models of public finance precisely because the taxes affect the rate
 

of growth of economic activity, not just its level.
 

They define a measure of the welfare loss associated with a a choice
 

between a benchmark path, where consumption begins at Co and grows at rate g,
 

and an alternative, general path of consumption into the future. 
 Their measure
 

can be thought of as the answer to the question, what fraction of the initial
 

consumption of thc benchmark case would the individual need to have in order to
 

be indifferent between this benchmark case and the alternative path?
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A LINEAR TECHNOLOGY EXAMPLE
 

The authors illustrate their method for measuring the welfare implications
 

of alternative taxes with a simplified endogenous growth model subject to a
 

linear technology. Output is assumed to be proportional to capital, and
 

capital grows with savings, i.e., 
the part of output which is not consumed. In
 

this case, with the intertemporal substitution in consumption set equal to 1,
 

increasing taxes from 0 to 10% causes a 35% 
decline in initial consumption. In
 

general, the effect of taxes on consumption is greatest when a is small and
 

individuals are willing to substitute over time. 
 KR claim that the two sector
 

endogenous growth model will have similar welfare implications if the
 

adjustment costs are negligible and the sectoral production functions have
 

identical labor shares.
 

TAXATION IN THE NEOCLASSICAL MODEL
 

Since the neoclassical model discussed in section II above is the
 

workhorse of all of modern public finance, KR compare the implications of taxes
 

on growth and welfare in their endogenous growth model with the implications of
 

taxes in the neoclassical model. Since the neoclassical model responds to tax
 

changes both in transitional dynamics and in different steady state levels, 
the
 

authors point out that the long-run steady state effects alone 
are
 

inappropriate for an evaluation of tax policies. 
Relative to the linear
 

example of the endogenous growth economy mentioned above, the neoclassical
 

model has much smaller welfare losses associated with taxation. In particular,
 

with intertemporal substitution equal to 1, the effect of changing the 
tax rate
 

from 20% to 30% leads f- a decline of the utility-equivalent consumption path
 

of 13.6% in the endogenous growth model, but a decline of only 1.6% in the
 

neoclassical model. Thus by their measure of utility changes, the neoclassical
 

model understates the effect of tax increases on utility by 88% according to
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their example.
 

TAXATION IN THE TWO-SECTOR ENDOGENOUS GROWTH MODEL
 

The authors show that the comparison between the neoclassical model and
 

the endogenous growth two-sector model is very similar to the comparison
 

between the simple linear, one sector endogenous growth model, and the
 

neoclassical model.
 

CONCLUSION
 

KR argv that the substantial cross-country variation in rates of growth
 

can not be explained by the neoclassical model, in which all growth occurs
 

either through transitional dynamics or exogenous technological change.
 

Neoclassical transitional dynamics can be made consistent with the variation in
 

growth rates only by contradicting Kaldor's stylized facts, and technological
 

change cannot offer an explanation of variations in growth rates, because in
 

the neoclassical model such change is exogenous by assumption. Simulatien
 

exercises with endogenous growth models developed earlier by the authors show
 

that policy can have large effects on growth rates, and consequently affects
 

welfare more severely than in the neoclassical model. In the endogenous growth
 

model they develop, where taxes affect not only levels of economic activity
 

but also rates of growth, differences in policy may provide the key explanation
 

of the cross country variation in growth rates. Policy is all important
 

partly because growth rates do not depend, as in some other models, on the
 

initial endowment of physical or human capital.
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SUMMARY OF
 

DALE JORGENSON AND KUN-YOUNG YUN'S "TAX REFORM AND U.S. ECONOMIC GROWTH" 

Jorgenson and Yun evaluate the impact of the Tax Reform Act of 1986 on
 

U.S. economic growth, and the potential impact of two tax proposals advanced by
 

the Department of Treasury and by President Reagan which figured prominently in
 

the debate leading up to 
the 1986 tax reform. They also assess the potential
 

impact of a number of hypothetical tax reforms that embody notions of
 

neutrality in the treatment of differen- kinds of income. 
They conclude that
 

the insulation of tax structures from the effects of inflation should be a
 

continued objective of tax reform, and that a consumption-based tax would help
 

achieve further reductions in allocative inefficiencies.
 

As savings may be affected by changes in tax policy, Jorgenson and Yun
 

(JY) use a dynamic, general equilibrium model where the capital stock is
 

endogenously determined. 
They extend the notion of efficiency in the
 

allocation of resources to encompass intertemporal allocations. Major tax
 

legislation like the Tax Reform Act of 1986 can produce substantial alterations
 

in the rate of accumulation of capital and the allocation of capital among
 

sectors and types of assets. An assessment of the impact of tax reform depends
 

not only on the changes in tax policy but also on the elasticities of
 

substitution along all the relevant margins, including for example, the
 

allocation of resources between present and future consumption.
 

The authors assume that a single representative producer employs capital
 

and labor services to produce outputs of consumption and investment goods. 
The
 

single capital good is perfectly malleable and is assumed to be instantaneously
 

and costlessly allocated so as to equalize after-tax rates of return to equity
 

in the corporate, noncorporate, and household sectors.
 

Further, the stock of investment goods is also assumed to be costlessly
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and perfectly mobile between sectors. 
A representative consumer supplies labor
 

services, demands consumption goods, and makes choices between consumption and
 

saving. Consumers maximize an intertemporally additive utility function that
 

depends on levels of full consumption in all time periods. Full consumption is
 

an aggregate of consumption goods, household capital services, and leisure. 
To
 

simplify the representation of preferences the representative consumer has an
 

infinite lifetime and perfect foresight about future prices.
 

The equilibrium is characterized by an intertemporal price system that
 

clears the markets for labor, capital services, and consumption and investment
 

goods. The past and the future are 
linked through markets for investment goods
 

and capital services. Assets are accumulated as 
a result of past investments,
 

and the price of an asset equals the present value of future capital services.
 

The time path of consumption satisfies the conditions for intertemporal
 

optimality of the household sector under perfect foresight. Similarly, the
 

time path of investment must satisfJ the requirements for the accumulation of
 

assets by both business and househ 'd sectors.
 

The government sector raises revenues through taxes on income from capital
 

and labor services. Corporate capital income is taxed at both corporate and
 

individual levels, noncorporate capital income is 
taxed only at the individual
 

level, and household capital income is not subject to income taxation. In
 

addition, the government sector imposes sales 
taxes on the production of
 

consumption and investment goods and property taxes on assets held by the
 

business and household sectors. 
Taxes insert wedges between demand and supply
 

prices for investment and consumption goods and for capital and labor servicas.
 

These tax wedges distort private decisions and lead to losses in efficiency.
 

Given perfect foresight, the model generates 
a unique transition path to a
 

balanced growth equilibrium corresponding to any tax policy and any initial
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level of capital. The transition to balanced growth is implicitly non

instantaneous because additional capital is obtained through reductions in
 

consumption, which are increasingly costly in terms of utility. 
Capital may
 

shift, however, between sectors in a manner assumed to be costless and
 

instantaneous. 
The growth path consists of a plan for consumption of goods
 

and leisure by the representative consumer at every point in time, and a
 

plan for production of investment and consumption goods from capital and
 

labor services at every point in time by the representative producer. These
 

plans are made consistent by the intertemporal price system.
 

Associated with each tax policy and the corresponding intertemporal
 

equilibrium is 
a level of welfare for the representative consumer, which can be
 

interpreted as a measure of potential social welfare. 
Actual social welfare
 

depends also on the distribution of welfare among consumers. 
To evaluate
 

changes in policy in terms of efficiency, the authors translate changes in
 

potential welfare into an equivalent change in private national wealth. 
They
 

consider the time path of the price of full consumption associated with current
 

tax policy. Finally, they evaluate the difference in wealth required to attain
 

levels of potential welfare before and after the change in tax policy at prices
 

prevailing before the policy change.
 

THE 1986 TAX REFORM
 

The 1981 Tax Act, passed during the Reagan Administration's first year,
 

introduced multi-year cuts 
in statutory tax rates at both individual and
 

corporate levels with the aim of improving incentives "to work, save, and
 

invest, consistent with the goal of eliminating the Federal budget deficit by
 

1984". 
 Statutory tax rates for individuals were cut by 23 per( the years
. over 

1982-84 -- 10 percent in 1982, another 10 percent in 1983, and a final five 

percent in 1984. The range of marginal tax rates for individuals was narrowed
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from 14-70 percent of taxable income to 11-50 percent, while corporate tax
 

rates for the lowest two income brackets fell from 17 to 15 percent and from 20
 

to 18 percent over the years 1982-83.
 

In outlining the key features of the Tax Reform Act of 1986, the authors
 

describe the pre-existing tax law which they call Tax Law 1986, in order to
 

provide a basis for comparison. The average marginal tax rates for a variety
 

of income sources are presented in Table 1 for the Tax Law of 1986, the
 

proposal of the Treasury, the proposal of the President, and the Tax Reform Act of
 

1986.
 

The first column in Table 1 gives average marginal tax rates for different
 

types of income under the 1986 Tax Law for zero, six, and ten percent annual
 

inflation rates. 
The tax rate on each type of income is a weighted average of
 

marginal tax rates paid by taxpayers in all income tax brackets. Average tax
 

rates on different types of income reflect differences in the distribution of
 

each type of income over the tax ',rackets.
 

The average marginal tax rate un labor income, the average marginal :ax
 

rate on income under the corporate income tax, and the average tax rate under
 

the individual income tax are also shown in Table 2. All tax rates 
include
 

taxes levied at both Federal and state and local levels and take 
into account
 

the deductibility of state and local taxes at the Federal level. 
 In projecting
 

U.S. economic growth under the 1986 Tax Law the authors take 
the average
 

marginal tax rates on each type of income and the average individual income tax
 

rate as fixed. Tax revenues received by the government are generated by
 

applying these tax 
rates to streams of income generated endogenously within JY's
 

model of U.S. economic growth.
 

TAX REFORM AND ECONOMIC GROWTH
 

'he authors estimate the impact of the alternative tax policies on
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TABLE la TAX RATES
 

1. AVERAGE MARGINAL TAX RATES OF INDIVIDUAL CAPITAL INCOME
 

A. 0% Inflation 

1986 LAW TREAS PRESID 1986 ACT 

Corporate Equities 0.2555 0.2261 0.2240 0.2029 
Non Corporate Equities 0.2934 0.2427 0.2572 0.2494 
Corporate Capital Gains 0.0303 0.0596 0.0325 0.0562 
Non Corporate Capital Gains 0.0293 0.0607 0.0332 0.0624 
Interest Income to Corporate 
Debt 0.1533 0.1452 0.1532 0.1285 

Interest Income to Non-
Corporate Debt 0.1971 0.1805 0.1912 0.1670 

Interest Income to House
hold Debt 0.2717 0.2252 0.2387 0.2310 

Interest Income to Govern
ment Debt 0.2205 0.1868 0.1970 0.1852 

B. 6% Annual Inflation Rate 

1986 LAW TREAS PRESID 1986 ACT 

Corporate Equities 0.2559 0.2261 0.2240 0.2033 
Non Corporate Equities 0.2934 0.2427 0.2572 0.2494 
Corporate Capital Gains 0.0303 0.0596 0.0600 0.0562 
Non Corporate Capital Gains 0.0293 0.0607 0.0643 0.0624 
Interest Income to Capital 
Debt 0.1730 0.1452 0.1532 0.1434 

Interest Income to Non-
Corporate Debt 0.2151 0.1805 0.1912 0.1807 

Interest Income to House
hold Debt 0.2722 0.2252 0.2387 0.2314 

Interest Income to Govern
ment Debt 0.2260 0.1868 0.1970 0.1894 

C. 10% Annual Inflation 

1986 LAW TREAS PRESID 1986 ACT 

Corporate Equities 0.2560 0.2261 0.2240 0.2034 
Non-Corporate Equities 0.2934 0.2427 0.2572 0.2494 
Corporate Capital Gains 0.0303 0.0596 0.0600 0.0562 
Non-Corporate Capital Gains 0.0293 0.0607 0.0643 0.0624 
Interest Income to Corporate 

Debt 0.1806 0.1452 0.1532 0.1492 
Interest Income to Non-

Corporate Debt 0.2222 0.1805 0.1912 0.1861 
Interest Income to House
hold Debt 0.2724 0.2252 0.2387 0.2315 

Interest Income to Govern
ment Debt 0.2282 0.1868 0.1970 0.1910 
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2. MARGINAL TAX RATES OF LABOR INCOME, CORPORATE INCOME AND AVERAGE 

PERSONAL TAX RATES
 

1986 LAW TREAS PRESID 1986 ACT
 

Average Marginal Tax Rate 0.2967 0.2512 0.2536 0.2517
 
of Labor Income
 

Corporate Income Tax Rate,
 
Federal, State and Local 0.5084 0.4006 0.4006 0.3847
 

Average Tax Rate of Individual
 
Income 
 0.1315 0.1203 0.1223 0.1233
 

The Treasury proposal, the President's proposal, and the 1986 Tax Reform
 
Act are assumed co reduce the average tax rate of individual income by 8.5%, 
7.0%, and 6.2%, respectively.
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3. TAX RATES HELD CONSTANT ACROSS THE ALTERNATIVE TAX POLICIES
 

Property Tax Rates of 
Corporate Assets 0.0100 

Property Tax Rates of 
Noncorporate Assets 0.0096 

Property Tax Rates of 
Household Assets 0.0100 

Sales Tax Rates of 
Consumption and 
Investment Goods 0.0579 

Sales Tax Rates of 
Consumption and 
Investment Goods 0.0579 

Rate of Personal 
NonTaxes 0.0229 

Effective Rate of 
Wealth Taxation 0.0006 
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TABLE 2. WELFARE EFFECTS OF TAX REFORM
 

Rate of Revenue 1986 
 Treasury President's 1986
 
inflation Adjustment Tax Law Proposal Proposal 
 Tax Act
 

Lump Sum Tax 724.0 1489.6 1691.4 1561.8
 
Labor Income Tax 478.2 1468.8 1642.4 
 1565.0
 

0% Sales Tax 400.3 1452.9 1614.6 1558.7
 
Individual Income
 
Tax 374.5 1456.1 1619.1 1563.1
 

Lump Sum Tax 0.0 1907.6 2452.2 448.4
 
Labor Income Tax 0.0 1711.4 2170.4 746.9
 

6% 
 Sales Tax 0.0 1600.1 2104.9 901.2
 
Individual Income
 
Tax 0.0 1595.8 2007.9 999.4
 

Lump Sum Tax -447.1 2060.4 3015.6 -200.8
 
Labor Income Tax -333.7 1791.6 
 2584.7 267.3
 

10% Sales Tax -285.2 1623.5 2356.4 517.0
 
Individual Income
 
Tax -221.9 1604.8 2353.1 748.6
 

Note: In 1987, the national wealth (beginning of the year) and GNP are
 
projected to be $15,920.2 and $4,488.5 billion dollars respectively.
 
Units are billions of 1987 dollars.
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U.S. growth by comparing the resulting level of welfare with that attainable 

under the "base case" given by the 1986 Tax Law.
 

They consfder four alternative methods for adjusting tax revenues so 
as to
 

keep the budgetary position of the government sector the same as in the base
 

case. 
The first method is to increase or decrease government revenues by means
 

of a "lump-sum" tax or subsidy. They also consider three methods for adjusting 

government revenues that involve changes in tax-induced disLortions. These 

include proportional adjustments to labor income taxes, sales taxes on 

investment and consumption goods, and taxes on income from both capital and
 

labor.
 

EFFECTS OF THE TAX REFORM ACT OF 1986
 

JY summarize the results of their simulations of U.S. economic growth in 

Table 2 which shows that the Treasury proposal, the Presidetit's proposal and the Tax 

Reform Act of 1986 al. improve potential economic welfare substantially. In 

t'eir central case with six percent inflation and a lump-sum tax adjustmeiit, 

the President's proposal would have generated a welfare gai.n of $2452.2 

billion, while the Treasury proposal , gain of $1907.6 billion, and the fax 

Reform Act of 1986, again of only $448.4 billion, all measured in 1987 dollars. 

Another perspective on the economic impact of the alternative tax reform 

proposals is provided by a comparison of the welfare gains from tax reform with 

the private national wealth. The nominal value of the U.S. private national 

non-human wealth at the beginning of 1987 was $15,920.2 billion. The welfare 

gains from the Treasury and the President's proposals would have been 

equivalent to increases of 12.0 and 15.4 percent, respectively, of U.S. private
 

national wealth in 1987. The welfare gain from the Tax Reform Act of 1986 is
 

equivalent to an increase of only 2.8 percent of the national wealth.
 

It is worth recalling that inflation reduces the interasset tax wedges and
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increases the intertemporal tax wedges under the 1986 Tax Law and the Tax
 

Reform Act of 1986. Under the Treasury and President's proposals, inflation
 

has little effect on the interasset wedges but tends to reduce the
 

intersectoral and intertemporal tax wedges.
 

Table 2 also shows how the welfare effects of alternative tax reforms
 

would be affected by the rate of inflation. It is useful to focus on lump-sum
 

tax adjustments since distortionary tax adjustments result in a reallocation of 

resources due to substitutions in production as well as to changes in the rate
 

of inflation. Economic welfare improves with higher inflation under the
 

Treasury and President's proposals. On the other hand, welfare declines with
 

inflation under the 1986 Tax Law and the Tax Reform Act of 1986. 
This is due
 

to the fact the tax burden on capital income is reduced with higher inflation
 

under the two proposals, while it increases with inflation under the 1986 Tax
 

Law and the Tax Reform Act of 1986. An increase in the rate of inflation from
 

zero to six percent is sufficient to alter the welfare ranking between the
 

Treasury proposal and the Tax Reform Act of 1986
 

ALTERNATIVE APPROACHES TO TAX REFORM
 

The authors consider alternative approaches to tax reform based on the
 

elimination of tax wedge,, among different types of assets. As before, the
 

growth path of the U.S. economy under the 1986 tax law is taken as a basis for
 

comparison so the potential gains in economic welfare are relative to levels of
 

welfare under the 1986 Tax Law.
 

For the purposes of this analysis JY distinguish between atemporal (i.e.,
 

time-independent) tax wedges and intertemporal tax wedges. The elimination of
 

an atemporal tax wedge implies that the social rates of return on the
 

corresponding assets are equalized within a given time period. More precisely,
 

they equalize the social rates of return associated with balanced growth
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equilibrium under the 1986 Tax Law, using the balanced growth proportions of
 

assets as weights.
 

To model the integration of the corporate and individual income taxes they
 

set the social rates of return on corporate assets equal to those on the
 

corresponding noncorporate azzets. This procedure does not affect the private
 

rates of return in the two sectors which differ for two reasons. The first is
 

that debt/asset ratios differ across sectors. The second is that average
 

marginal tax rates on individual income vary from sector to sector due to the
 

differences in the distribution of asset ownership among taxpayers in different
 

income tax brackets.
 

The authors eliminate five sets of tax wedges: (1) the interasset tax
 

wedges within the corporate and noncorporate sectors, (2) intersectoral tax
 

wedges between assets of the same type held in the corporate and noncorporate
 

sectors, (3) intersectoral tax wedges among assets of the same type held in the
 

corporate and noncorporate and household sectors, (4) all the atemporal tax
 

wedges in the business sector, and (5) all the atemporal tax wedges in the
 

business and the household sectors.
 

Elimination of an intertemporal tax wedge requires equalizing the social
 

and private rates of return, so that the effective tax rate on the
 

corresponding assets is reduced to zero. They consider the eli.mination of
 

intertemporal tax wedges resulting from income and property taxes, which
 

leaves the sales tax on investment goods at its level in the base case, while
 

reducing the effective tax rate on capital income to zero. Second, they
 

eliminate the tax burden on capital altogether by removing the sales tax on
 

investment goods as well as the taxes on income from capital and property
 

taxes.
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WELFARE IMPACTS OF TAX REFORM
 

The authors summarize the welfare impacts of the eight :Aypothetical tax
 

reform proposals in Table 3. Beginning with "lump-sum" tax adjustments, they 

find that the welfare gain from elimination of interasset tax wedges that exist
 

under the 1986 Tax Law is $443.9 billion. The elimination of intersectoral tax
 

wedges between the household and business sectors, however, :esults in an
 

estimated gain of $2262.6 billion at 
a six percent rate of irflation, which is
 

much larger than the gain the authors have estimated for the Tax Reform Act of
 

1986. Given the substantial tax wedges between business and household assets
 

under the 1986 Tax Law, this result is not surprising.
 

The welfare gain from eliminating the interasset and int:ersectoral wedges
 

arong just business assets is estimated to be only $326.4 billion under the
 

1986 Tax Law. The welfare gain from eliminating all the ateriporal tax wedges
 

in the private sector of the U.S. economy is estimated to bu $2663.7 billion.
 

This gain is much larger than the welfare gain resulting fron elimination of
 

interasset distortions for all sectors. In view of the relative magnitude of
 

these effects, the authors attribute most of the welfare gain to elimination of
 

intersectoral tax wedges between business and household. ThE 
elimination of
 

intersectoral tax wedges between assets in the corporate and noncorporate
 

sectors unambiguously reduces the effective tax burden on corporate assets and
 

results in an estimated welfare gain of $1313.1 billion, about half of that
 

attainable by eliminating all intersectoral tax wedges.
 

The elimination of intertemporal tax wedges generates huge welfare gains
 

under lump sum tax adjustment. When sales taxes on investment goods are also
 

abolished, the welfare gain becomes $4128.1 billion.
 

If a proposed tax reform is roughly revenue neutral, so that the magnitude
 

of the required adjustment in tax revenue is small, the welfare ranking of
 

alternative policy changes does not depend on the method for adjusting tax
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TABLE 3. WELFARE EFFECTS OF TAX DISTORTIONS OF THE 1986 LAW
 

1. Within Sector Interasset Distortion
 
Lump Sum Tax Adjustment 

Labor Income Tax Adjustment 

Sales Tax Adjustment 


2. 	Intersector Distortion: C and NC Sectors
 
Lump Sum Tax Adjustment 

Labor Income Tax Adjustment 

Sales Tax Adjustment 

Individual Income Tax Adjustment 


3. Intersector Distortion: All Sectors
 
Lump Sum Tax Adjustment 

Labor Income Tax Adjustment 

Sales Tax Adjustment 

Individual Income Tax Adjustment 


4. 	No Tax Distortion: C and NC Sectors, All Assets
 
Lump Sum Tax Adjustment 

Labor Income Tax Adjustment 

Sales Tax Adjustment 

Individual Income Tax Adjustment 


5. 	No Tax Distortion: All Sectors, All Assets
 
Lump Sum Tax Adjustments 

Labor Income Tax Adjustment 

Sales Tax Adjustment 

Individual Income Tax Adjustment 


6. 	Corporate Tax Integration
 
Lump Sum Tax Adjustment 

Labor Income Tax Adjustment 

Sales Tax Adjustment 

Individual Income Tax Adjustment 


7. 	Consumption Tax Rules (Zero Effective Tax Rates)
 
Lump Sum Tax Adjustment 

Labor income Tax Adjustment 

Sales Tax Adjustment 

Individual Income Tax Adjustment 


8. 	Consumption Tax Rules (Zero Effective Tax Rates)
 
No Sales Tax on Investment Goods
 
Lump Sum Tax Adjustment 

Labor Income Tax Adjustment 

Sales Tax Adjustment 

Individual Income Tax Adjustment 


443.9
 
248.1
 
168.7
 

-93.3
 
-416.7
 
-523.8
 
-715.5
 

2262.6
 
2156.9
 
2118.6
 
2067.7
 

326.4
 
69.2
 

-29.1
 
-169.7
 

2663.7
 
2606.9
 
2572.4
 
2547.2
 

1313.1
 
493.4
 
238.1
 
-274.5
 

3853.9
 
2045.4
 
1749.3
 
2045.4
 

4128.1
 
1988.0
 
1722.1
 
1988.0
 

Note: Inflation is fixed at 6% per year. C denotes corporate and NC denotes
 
non-corporate.
 
Units are billions of 1987 dollars.
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revenue. 
For a change in tax policy that involves substantial rate cuts with
 

no compensating enhancement of tax revenues through base broadening, the
 

welfare measures under the lump sum tax adjustment can be interpreted as upper
 

bounds of the welfare gains that may be achieved. Any realistic tax reform
 

involving revenue adjustment through changes in distortionary taxes would
 

result in welfare gains well below those attainable under the hypothetical lump
 

sum tax adjustment.
 

The fact that the estimated welfare gains from the elimination of the
 

intertemporal tax wedges is in the range of four trillion dollars suggests that
 

the potential welfare gain from replacing the current system of income taxes
 

with consumption-based taxes is very large indeed. Although the welfare gains
 

are reduced by approximately half under the more realistic assumption that
 

revenue losses are offset by distor.ionary tax adjustments, the latter welfare
 

gains are still impressive. JY conclude that improvements in the efficiency of
 

intertemporal resource allocation must be carefully weighed against possible
 

worsening of atemporal resource allocation as a consequence of distortions
 

associated with taxes on consumption.
 

CONCLUSION
 

The Tax Reform Act of 1986 increases the effective marginal tax burden on
 

income from capital at any positive inflation rate. Nonetheless, the change in
 

economic welfare relative to the 1986 Tax Law is positive. The welfare gain is
 

$448.4 billion at a six percent rate of inflation, which amounts to 2.8 percent
 

of U.S. private national wealth in 1987. The 1986 Tax Act substantially
 

reduces interasset tax wedges within the business sector, so that potential
 

welfare gain from further reductions is small.
 

An important feature of the Treasury and President's proposals is that the
 

tax base would have been largely inoexed against inflation. Since with a six
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percent inflation rate the president's proposal would have resulted in a
 

welfare gain of $2452.2 billion dollars, which dwarfs the corresponding gain
 

from the Tax Reform Act of 1986, the authors conclude that insulating the tax
 

system from the effects of inflation should remain a top priority for future
 

tax reform.
 

The largest welfare gains from tax reform would have been obtained by
 

transferiing part of the tax burden on business capital to household capital,
 

although there are obviously important political obstacles to such a transfer.
 

The welfare gain from a tax policy that treats all forms of capital income
 

symmetrically would have been $2663.7 billion dollars at a six percent
 

inflation rate whi.h exceeds the gain from the 1986 Tax Act by $2215.3 
billion
 

dollars and outranks the gains from the Treasury and President's proposals
 

An alternative approach to equalizing the 
tax burdens between business and
 

household assets would have been to replace the 1986 Tax Law with a tax system
 

based on consumption. At a six percent inflation rate, the welfare gain that
 

would be achieved by shifting to a consumption-based tax system from a system
 

primarily based on income would have been much larger than the gain from the
 

Tax Reform Act of 1986. This conclusion holds for any of the alternative
 

methods JY have considered for maintaining government revenue at the same level
 

as under the 1986 Tax Law. The prospective revenue losses associated with
 

elimination of capital income taxation would have required large increases in
 

distortionary taxes. However, the resulting welfare losses would have been
 

outweighed by gains in efficiency from eliminating capital income taxes.
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SUMMARY OF
 

S.C. TSIANG'S "SUCCESS OR FAILURE IN ECONOMIC TAKE-OFF"
 

Since the. second World War, the pattern of economic growth in
 

different countries has been characterized by extreme diversity. 
 For
 

example, the per capita income in Taiwan in 1950 was only 40% that of certain
 

Latin American countries, while today, the relative income levels hrve
 

reversed, with Taiwan's per capita income 2.5 times that of its Latin American
 

counterparts. 
In his paper, S.C. Tsiang looks at the reasons for this
 

diversity. On the basis of a theoretical model he concludes that the key
 

catalyst or "engine of growth", is the 
rate at which income is saved and
 

invested relative to the rate of population growth. An empirical section
 

substantiates his theoretical arguments with a detailed look at the role of
 

savings and population in economic growth.
 

THE MODEL
 

Tsiang's analysis follows closely the Nobel prize winning work of Robert
 

Solow.
 

Tsiang concentrates on a single representative good, the production of
 

which depends on the existing level of technology and the available amounts of
 

labor, capital, and land. 
His analysis differs from Solow's by assuming that
 

population growth is not fixed but varies positively with income per capita, by
 

specifying that savings is not a constant proportion of income but instead
 

varies with income, and by allowing a role for land. With the amount of
 

technology fixed, an economy can generate increases in the amount of goods
 

produced by increasing the amount of capital and labor used. 
Equivalently, an
 

increase in the production of goods per worker Y can come about only with an
 

increase in the amount of ,apital per worker R, provided there are constant
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returns to scale. As labor force participation is assumed constant, capital
 

and income per capita are proportional to capital and income per worker. Hence
 

income and capital per capita move together.
 

Tsiang argues that in many countries the growth rate of population, t, is
 

sensitive 
to income through the death rate and the birth rate. It increases
 

with prosperity as prosperity lowers death rates. Its rate of increase falls,
 

however, beyond a certain level of income or capital per worker, as 
the birth
 

rate decreases. Eventually, due to increasing awareness of family planning and
 

its benefits, birth rates fall further and hence the rate of growth of
 

population declines. This is depicted in Figure 1. Fcr R less than R., 
since
 

income is below subsistence levels, the growth rate of population is negative.
 

For capital-labor ratios between Ro and R1 , the growth rate is increasing due
 

to decreasing death rates. For capital-labor ratios in excess of R,, large
 

declines in birth rates lower the population growth rate. The curve, f(R)
 

describes the general relationship between the rate of growth of the labor
 

force, or population, and capital per capita.
 

The amount of savings per capita required in order to maintain any given
 

level of capital per worker is a product of two variables: a) the capital

labor ratio itself, R, and b) the rate of growth of labor (equal to the rate of
 

growth of population), f. As R increases from low levels, the first factor
 

increases proportionally, while the second factor also increases but at 
a
 

decreasing rate, given Tsiang's specification of the relationship between
 

population growth rates and the capital-labor ratio. The relationship between
 

Rt and R is therefore determined by the relationship between the rate of growth
 

of population, and R. This is depicted by the curve Rt(R) in Fig. 1.
 

The curve shows that when the level of capital per worker is less than
 

Ro, Rf(R) is negative because the rate of growth of labor remains negative
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as long as income per capita is below the subsistence level. Beyond R°
 

further increases in R cause a positive population growth and hence the R
 

curve is increasing with R until it reaches the level R3 , at which point t 

stops increasing with R, and may even start to decrease, bringing R1 down. 
 In
 

essence, the curve RZ describes the extent to which a population change affects
 

the capital to 
labor ratio, and hence the minimum saving per worker required to
 

maintain the latter ratio constant.
 

Capital is generated through savings (all of which is assumed to be
 

invested). Savings as a percent of income is 
assumed to increase with per

capita income, and thus with R, a relation which Solow, in his original model
 

did not consider. At levels of income below subsistence, savings per capita S
 

is negative but increases with R as the subsistence level of income is
 

approached. Once income or the corresponding R increases beyond the
 

subsistence level, savings per capita becomes positive as people save 
and
 

invest positive fractions of their income. Since there is diminishing marginal
 

product of capital, however, additions to capital generate decreasing amounts
 

of additional income as the capital-labor ratio increases: once a large enough
 

stock of capital relative to labor is built up, further additions to capital
 

provide increasingly smaller increases in output. 
 If the reward for saving and
 

investing is the value of the marginal product of capital, saving reaches a
 

maximum at R4 and then becomes constant. After R4 there are no incentives
 

for increased savings since the 
returns to saving are constant. Hence the
 

savings per capita reaches a maximum at R4. ,:See figure 2)
 

Suppose that an economy initially has a low level of income, TA, and a
 

low rate of growth of income per capita, RA. If R increases due to a new
 

government policy or some external reason, there 
are two effects. On the one
 

hand, population increases faster thereby reducing capital per capita, R. 
On
 

the other hand, the rate of savings increases, resulting in an increase in
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capital per capita, R. If the second effect dominates the first then the
 

economy can grow continuously since R will keep increasing. 
If the first
 

effect dominates, the economy will fall back to 
its old subsistence level of
 

RA and YA. Hence, if the increase in savings is sufficient to more than
 

overcome the adverse effect of increased population, the economy will grow
 

while otherwise it will remain at its low level equilibrium. This is
 

illustrated in Fig. 2:
 

In this figure, the P.I(R) curve describes, as before, the amount by which
 

increasing population decreases R, and hence the minimum savings
 

necessary to maintain alternative levels of R. The S curve describes the
 

corresponding actual savings per capita for these alternative levels
 

of R. 
At a level of R given by RB, any small increase (decrease) in R is
 

temporary, since insufficient (more than sufficient) savings are generated.
 

The reason is that at a level of R just greater than RB, savings per capita
 

is less than Rt, the amount necessary to balance the additional population
 

growth, therefore R falls. At a level of R just less than RB, savings
 

exceeds the amount necessary to balance population growth (Rf), therefore R
 

rises. This low level of income per capita or equivalently capital per capita,
 

(RB) corresponds to a stable equilibrium from which an economy cannot easily
 

"take-off". 
 At a third level of R, Rc, any small increase (decrease) in R 

will push the economy away from P. since more than (less than) sufficient
 

savings are generated to keep income and R from falling. An economy may
 

achieve "take-off" into sustained growth only when it has reached a capital

labor ratio corresponding to R. In other words, sustained rapid growth occurs
 

only if savings per capita, S, exceeds the capital-labor ratio R times
 

population growth.
 

On the basis of this analysis Tsiang argues that the criterion by which
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one 	can determine whether a country is ready to "take-off" and and to achieve
 

sustained growth is that savings per capita exceed the amount necessary to
 

maintain the capital labor ratio. 
Tsiang then examines empirical data from
 

various countries to verify whether this criterion for take-off is 
indeed
 

compatable with the growth experience in these countries.
 

POLICY IMPLICATIONS
 

Tsiang argues that for an underdeveloped country to "take-off" into a
 

sustained state of growth, it must undertake a policy aimed at enhancing
 

savings sufficiently to reverse any deleterious effect of population growth on
 

per-capita capital formation that may result from higher income levels.
 

Using Fig. 2, Tsiang argues that pro-growth policies are those which lower
 

Rt and raise S, thus lowering the "hump" between RB and Rc, and reducing
 

the 	level of capital per worker required for the economy to reach take off.
 

His 	pro-growth policies include:
 

A. 	Efforts through family planning, contraceptive education, and tax
 
policies to reduce population growth.
 

B. 	Raising the savings rate by increasing the incentive to save
 
through banking deregulation, monetary restraint, and other
 
policies which increase the real after-tax return on financial
 
assets.
 

C. 	Liberalizing foreign investment regulations to facilitate the
 
borrowing of capital from abroad. 
However, mobilizing daom.stic
 
savings still remains a necessary long-run goi...
 

D. 	Promoting technological improvements that raise income per capita
 
and thus savings, for given R.
 

E. 	Liberalization of foreign trade, which has the same effect as
 
improved technology, since the economy will now specialize in
 
producing those commodities in which it has a relative advantage,
 
and 	raise its real income through trade.
 

THE PERFORMANCE RECORD OF SOME COUNTRIES CONCERNING "TAKE-OFF" INTO SUSTAINED
 
GROWTH
 

Tsiang's model implies that take-off growth requires the savings rate to
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'xceed the products of the capital to labor ratio and the rate of population
 

growth. He investigates the validity of this proposition by considering data
 

for 14 countries, only some of which are presented here. He further refines
 

the basic proposition to be tested by measuring savings and capital as
 

percentages cf GNP, and not as rates per capita. Due to the lack of data on
 

capital, however, Tsiang uses the ..ginal capital to output ratio that
 

specifies the amount of in'.estmert necessary to bring about a given increase in
 

output, which is an indication of the efficiency cf investment Thus his basic
 

prediction is that take-off growth requires savings as a percent of income to
 

exceed the product of the ratio of investment to the change in income, and
 

population growth. For economies where international trade is important,
 

ilvestmernt equals savings plus the current account (trade) deficit, therefore,
 

these data are also considered.
 

TAIWAN
 

In the early 1950's Taiwan had a per capita real income close to 100 US
 

dollars (current value). It had fewer natural resources and far greater
 

population density than developing countries elsewhere. The marginal capital
 

to output ratio was around 200 in the 1950's. With a fast population growth
 

rate around 3.5%, its propensity to save of almost 5% was not sufficient for
 

take-off. Saving was two to three percent less than the amount
 

required for growth by 2% to 3%. Only with foreign aid from the US was Taiwan
 

able to prevent declines in its capital-labor ratios.
 

By the 196C's the scenario changed rather dramatically. The propensity to
 

save increased to 13.4%, the rate of growth of population dropped to 3.0%,
 

while the incremental capital-output ratio declined to 190, indicating an
 

improvement in the efficiency of investment. The condition for take-off was
 

satisfied in 1962 and per capita growth in the subsequent years was between 6%
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and 	10%. By the 1980's the propensity to save had increased to 36.1%, the rate
 

of growth of population fell to 1.5% and the marginal capital to output ratio
 

fell to 184. Taiwan certainly "took-off" into sustained growth by not only
 

increasing savine.s generation but also lowering the required amount of savings
 

for 	sustained growth. According to Tsiang, Taiwan achieved this by adopting:
 

A. 	Measures to encourage savings by deregulating bank interest rates.
 

B. 	A policy of export expansion accompanied by considerable
 
import and exchange rate liberalization.
 

C. 	A sensible population policy that encouraged family planning and
 
spread the knowledge and methods of birth control.
 

INDIA
 

In the early 1960's India, another important case that Tsiang considers,
 

had a per capita income of only US $73.50, at the then-current prices. The
 

savings rate was 10.82% which could certainly be considered respectable, while
 

the 	rate of growth of population was 2.4%. By most estimates, India had
 

achieved a modest "take-off" by the 1960's. However, despite a savings rate
 

that increased to 17.21% and a slight decline in the rate of population growth
 

by the early 1980's, the rate of growth of income still remained around the
 

1960's level of 3.8%. Some economists claim that India attempted to take off
 

prematurely but this does not seem to have been the case. 
 A tendency to resort
 

to excessively capital-intensive methods of production and emphasis on the
 

growth of sectors like heavy industries, which require a large input of
 

capital, rendered even the high rate of savings that was achieved insufficient.
 

The marginal capital to output ratio had values of 400 to 600, almost double
 

those in Taiwan, indicating a considerably lower efficiency of investment in
 

India. Although the condition for takeoff was satisfied, per capita growth was
 

erratic and fluctuated between -2% and 7% during the 1960's and 1970's.
 

Coupled with restrictions on trade that denied the country the advantages
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stemming from specializing in the production of commodities it was most suited
 

to produce, this emphasis on capital-intensity appears to have been the major
 

cause of dismal performance. Tsiang concludes that improper government
 

policies in India seem to have retarded the economic"take-off" of this country.
 

COLOMBIA
 

Starting with a per capita income of US $354 in the early 50's, Colombia
 

appears to have been in a very respectable economic position, relative to other
 

developing countries. With a savings rate of 7.8% and a population growth rate
 

of 3.19%, Colombia achieved an economic take-off by the early 60's. However,
 

this take-off had slowed soon afterwards. A strong bias in government policy
 

towards protecting import-substituting industries that involved huge capital
 

outlays, borrowing funds from abroad that were not utilized properly, and
 

regulating the interest rate to keep it at low levels which discourage savings,
 

all seem to have halted growth in this economy.
 

TANZANIA
 

Tanzania has failed to achieve economic growth although its income in 1960
 

was 85% that of India's. Population growth rose from 2.5% around 1960 to more
 

than 3.5% in the late 1970's. Income per capita grew at 2% or 3% in the 1960's
 

but fell at 2% or 3% after 1980. The condition for take-off was never
 

satisfied because of the high population growth, moderate savings, and very
 

high inc, mental capital-output ratio, indicative of unwise investment
 

decisions.
 

CONCLUSION
 

The paper's main argument is that the "take-off" of an economy into
 

sustained growth occurs when savings are sufficient to induce increments in per
 

capita capital accumulations which propel the economy forward. The observed
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SUMMARY OF
 

ROBERT BARRO'S "GOVERNMENT SPENDING IN A SIMPLE MODEL OF ECONOMIC GROWTH" 

Traditional analyses of economic development have generally recognized
 

that certain "pre-conditions", such as the availability of basic economic
 

infrastructures, must be satisfied before an economy can "take-off" and reach a
 

self-sustaining level of economic growth. According to Barro, there has been
 

little analysis of the productive role government plays in achieving this
 

objective. He assumes that any increases in infrastructures such as roads,
 

public utilities, law enforcement, and defense exert a continuously favorable
 

effect on private production, and that the private sector is not able to
 

provide such infrastructure on its own. A government dedicated to the
 

provision of these services becomes, therefore, the necessary catalyst for, or
 

"engine" of growth. The bulk of Barro's paper addresses the impact of various
 

tax schemes for financing government services on the ensuing rate of growth of
 

per-capita income and consumption.
 

THE ECONOMY
 

Barro's economy is represented by a single household (or unchanging
 

population) that produces and consumes a composite commodity. 
He assumes that
 

production requires combinations of governmental infrastructural services and
 

private capital in a manner analogous to the combination of labor and private
 

capital in the traditional production technology. Private capital is created
 

by private savings and government services are created through the imposition
 

of taxes. The production technology is of the Cobb-Douglas variety: it has
 

constant returns to scale in both inputs, and decreasing returns to each input
 

separately. Hence, higher private capital accumulation leads to a reduction in
 

its marginal productivity if there is no change in the quantity of the
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infrastructural services available. In addition, increases in any one input
 

raise the marginal product of the other input.
 

In Barro's economy, parents are altruistic towards their future
 

generations. Parents care about their children, their grand-children and so
 

on, to the point where they consider offspring simply as extensions of
 

themselves. Under such altruistic sentiments, the household can be depicted as
 

"living forever", i.e, derivi.ng utility from consuming the output produced over
 

an infinite lifetime. The household does not have direct contcol over the
 

level of the infrastructure made available to it and hence takes this as given.
 

Part of the output produced is consumed by the household, another part is used
 

to pay taxes, and the remainder is saved. All savings are invested and
 

represent an addition to the stock of capital available as an input to
 

production.
 

The government provides the infrastructural service and finances its
 

expenditure by imposing a tax on the households. Barro assumes that the
 

government budget is balanced at every point in time, and that each dollar of
 

revenue is transformed into one dollar worth of government services. For any
 

flat tax rate, the level of government services is proportional to the level of
 

output and hence the ratio of government services to output will remain
 

constant and equal to the tax rate. The role of the government is to
 

provide these necessary products in sufficient quantities to enable the economy
 

to "take-off" into self-sustaining growth in per-capita income. These pre

conditions include provision of basic infrastructural services such as highways
 

and sewers that a private firm may not find feasible or profitable to provide.
 

Even if private firms were to provide these goods and services, the incentive
 

structure implies that the quantity supplied by the market would be sub

optimal.
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GOVERNMENT EXPENDITURE FINANCED BY AN INCOME TAX
 

Barro first considers the implications of a constant tax rate on
 

household's income, or output. Since the government is assumed to balance its
 

budget, any increase in tax. revenues collected must be spent on more services.
 

The level of public services produced by the government is consequently a
 

constant fraction of output, and given the constant returns to scale nature 
of
 

the production technology, the level of production is a constant nultiple of
 

the stock of private capital available at any fixed tax rate. The marginal
 

product of capital is therefore independent of the level of capital.
 

The household decides how much to save by comparing the costs and benefits
 

from saving an additional dollar. The benefit is the additional output created
 

by using the dollar saved to increase private capital. The cost of saving is
 

the postponement of consumption. Since part of the savings-induced added
 

output is taxed away by the government, however, the incentive to save is
 

reduced by the tax. Although the tax is used to provide infrastructural
 

services which increase the productivity of private capital, each household
 

takes the volume of government services allocated to it as given and recognizes
 

only the decline to the net benefits from savings due to the tax. The
 

imposition of an income tax thus reduces private saving.
 

By this model the economy grows because households save and pay taxes,
 

thereby increasing productive government services, the capital stock, and
 

output. Efficient taxation makes the marginal product of capital independent
 

of the amount of capital, so growth can continue indefinitely. The rate of
 

growth of consumption and private capital is determined by the difference
 

between the benefits from accumulating private capital, or the marginal product
 

of capital that accrues to the household, and the cost of postponed consunption
 

represented by the rate of time preference. Since the size of the benefits
 

that accrue to the household from saving and investing in private capital
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depends on the tax rate, the rate of growth of consumption also depends on the
 

tax rate. However, Barro's specification of the technologies for producing
 

output and government services is such that the marginal product of capital is
 

independent of the level of capital and only depends on the tax rate. Since
 

output is proportional to private capital, the output growth rate equals the
 

capital growth rate, and with a constant tax rate, tax revenue or,
 

equivalently, the volume of government services grow at the same rate as
 

output. The constant tax rate means that the marginal product of capital after
 

tax is constant and with a fixed rate of time preference and an isoelastic
 

utility function, the growth rate of consumption will remain constant and equal
 

to the growth rate of output.
 

When the tax rate is increased permanently, the household retains a
 

smaller fraction of after tax-income. The benefit a household expects to
 

receive from saving another dollar is smaller and therefore the level of savings
 

falls. However, since the increase in the tax rate increases the rate at which
 

the government service is provided, the actual benefit from saving and
 

investing another dollar is increased. At low tax rates, Barro assumes that
 

the second force dominates the first and thus an increase in the tax rate
 

increases the rate of growth of consumption. At a high enough tax rate the
 

beneficial effect of taxation is dominated by its deleterious effect, so that
 

an increase in the tax rate results in a reduced rate of growth of consunption.
 

There is, therefore, some level of taxation at which any change in the 
tax 

rate results in a reduced rate of growth of consumption and this tax can be 

considered optimal. If government services were sold in a competitive market, 

given the Cobb - Douglas technology assumed in the model, the share of the 

services in total output would be equal to the elasticity of output with
 

respect to government services. i.e., to the percentage inciease in output that
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would result from a one-percent increase in government services, holding
 

private capital constant (a). A competitive equilibrium is known to maximize
 

output. If the government collects from households in taxes the fraction of
 

their output they would have paid for government services had they been
 

provided by a competitive market, the corresponding tax rate would be the
 

optimal one in the sense 
that the rate of growth of income and consumption
 

would then be the highest achievable. Since the government expenditure is
 

financed by a flat income tax rate, this optimal tax rate is also the share of
 

government expenditure in total output, or t* = a. The corresponding 

relationship between the tax rate, t, and the rate of growth of consumption,
 

c, is depicted in Fig. 1. A tax rate of t* is 
the rate that achieves the
 

maximum growth rate in consumption.
 

A similar relationship could be depicted between the 
tax rate and the rate
 

at which income is saved, or the investment rate. Consider a reduction in the
 

tax rate from t*. At the optimal tax rate t*, an additional unit of savings
 

results in an increase in output equivalent to the marginal product of capital.
 

Part of this increase in output is taxed away by the government and used to
 

provide a higher level of government services. The remainder accrues to the
 

individual. A higher level of government services, in turn, increases the
 

marginal product of capital and makes an additional savings more productive.
 

However, individuals assume that their own decision to save and invest an
 

additional dollar will not change the level of government services they
 

receive. Hence they behave as as 
their return from savings is the after-tax
 

marginal product of capital with a fixed level of government services. This
 

results in a suboptimal level of savings at the tax rate t*. If the tax rate
 

were lowered, the individual would retain a larger portion of the returns 
to
 

his investment, and would then have a higher incentive to save. 
 Hence, the
 

savings rate reaches a maximum at 
a tax rate t, that is lower than t*.
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Stated differently, in a decentralized economy, a tax rate t* that achieves the
 

maximum rate of growth in consumption does not achieve the maximum rate of
 

savings. This relationship is depicted in Fig. 2.
 

A PLANNING PROBLEM FOR THE GOVERNMENT 

As we saw in the earlier section, a government that must finance its
 

expenditures with an income tax chooses the tax rate t* 
- a if its objective is
 

to maximize the rate of growth of consumption. However, such rate of taxation
 

results in sub-optimal savings and capital accumulation. Consider, in
 

contrast, a government that may choose not only the 
tax rate but also the rate
 

at which households save. 
 It would choose a higher rate of savings and hence
 

be able to achieve a higher rate of growth in consumption than with the optimal
 

income tax when savings decisions are made by households. This result follows
 

from the gap between the social benefit and private benefit from an additional
 

dollar of savings. Private individuals do not consider the benefit resulting
 

from their paying more 
taxes since they consider the level of government
 

services they receive to be independent of their own tax payments. However,
 

when aggregate tax revenue increases, more services are provided and so long as
 

government services are productive, the social benefit from an additional
 

dollar of saving is higher than the private benefit. Thus the socially optimal
 

savings rate is higher than the privately optimal savings rate when government
 

services are financed by an income tax. Decentralized saving decisions in this
 

case result in too low a saving rate and hence too low a growth rate even if
 

the income tax is chosen optimally. The optimal tax rate remains the same but
 

the growth rate is higher when the government can dictate the rate on
 

individual savings.
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GOVERNMENT EXPENDITURE FINANCED BY A LUMP SUM TAX
 

Suppose that instead of levying an income tax to finance its expenditures,
 

the government imposed a lump sum tax, which does not change with income. 
 The
 

disparity between private and social benefits from an additional dollar of
 

saving that arises with an income tax now vanishes since provision of
 

government services is not affected by different savings rates. 
Moreover, the
 

benefits that households receive from an additional dollar of savings are now
 

higher than with an income tax since no tax is imposed on the returns to
 

savings. Hence the rate of savings as well as the rate of growth of
 

consumption is higher with a lump-sum tax than with an income tax. 
 Both the
 

rate of savings and the rate of growth of consumption are also the same as
 

that achieved when tlhe government dictates the rate of savings, since the
 

amount paid is not affected by the level of savings and hence there are no
 

detrimental effects on the incentive to save. The maximum possible rate of
 

savings is achieved here, however, only if the provision of government services
 

corresponds to 
a tax payment per dollar of income that is equivalent to the
 

rate the households would pay in a competitive market for the provision of
 

such services. If the share of government expenditures in total output is set
 

suboptimally, then a lump sum tax will noc provide the optimal rate of growth
 

in consumption. If the share of government is too high, each individual has an
 

excessive incentive to save and expand output since the marginal product of
 

private capital, which depends on the quantity of government services, is too
 

high. Similarly if the tax rate or share of government in the economy is too
 

low, there is an inadequate incentive to save and the growth rate of
 

consumption is low. This is depicted in Fig. 3.
 

AN ALTERNATIVE SPECIFICATION
 

In the previous sections it was assumed that each household considers the
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level of public services it receives to be independent of how much it saves.
 

However, the provision of certain public services like police and fire
 

protection are generally proportional to the amount of property that the
 

household has to protect. 
In such cases, it might be more appropriate to
 

assume that households choose their savings on the assumption that the
 

ratio of the government services they receive to the output they
 

produce, rather than the absolute amount of these services will be maintained
 

at a constant level.
 

With such a specification, an optimal income tax rate achieves
 

the maximum rate of growth in consumption, a rate otherwise possible only with
 

government-dictated savings. 
An income tax now works like a user fee because
 

when households save more to 
increase income, they receive more government
 

services and pay an additional amount in taxes, which is proportional to the
 

increase in government serv.ces they receive. A decision by households to 
save
 

so as to raise output by one unit leads to an increase in government services
 

and tax revenue by an amount equal to the tax rate. Since households are
 

effectively paying for the services they receive, the optimal rate of growth is
 

achieved.
 

An optimal lump-sum tax would now result in too much saving and growth
 

since a household's decision to raise its savings, hence output, brings more
 

services that the household does not have to pay for. If the household saves
 

an additional unit it receives the entire return from it, but because the ratio
 

of government services to output is constant, it receives more government
 

services that do not require extra tax payment, which further increases the
 

return it receives on savings. There is, therefore, too much savings at the
 

expense of current consumption. The resulting growth rate is suboptimal since
 

it does not maximize consumer welfare.
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EXTENSIONS OF THE MODEL
 

Suppose that the government also provides some services that are consumed
 

directly by households. 
 The growth maximizing share of government expenditures 

designed to provide both inputs for production and consumer goods still remains 

t* - a as in the case when the government provides on.y services that are crucial 

to the private production activity. However, the growth rates of consumption
 

and of savings are now lower for all levels of the 
tax rate because part of the
 

revenue collected from tax is spent on increasing present consumption rather
 

than future consumption. The forced saving aspect of government taxes is now
 

smaller in magnitude.
 

If the government is modeled as being run by an agent who seeks to
 

maximize his own utility rather than that of the households (as assumed
 

earlier) the results are similar to those in the prelious paragraph. In
 

essence, since the agent attempts to increase his own personal consumption, the
 

tax rate that is optimal for the agent would be higher than the share of
 

government-provided services in total output. 
The optimal expenditure share
 

remains t*=a but part of the forced savings is used to finance the present
 

consumption of the government agent. 
The rate of growth of consumption is
 

therefore consistently lower under a self-interested government relative to 
a
 

benevolent government.
 

SOME EMPIRICAL IMPLICATIONS
 

Within the framework of optimizing governments, cross-sectional variations
 

in the share of government services in total output arise only if the optimal
 

tax rate or expenditure shares vary across countries. 
Since the optimal tax
 

rate equals the percentage increase in output caused by a one- percent increase
 

in government services, a, it can vary only when the latter varies across
 

countries. 
This parameter, a, which is a measure of the productivity of
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government services relative to private capital, could vary across countries
 

for any number of reasons including geography, share of agricultural
 

production, or urban deiisity. The model predicts that an increase in this
 

measure of the productivity of government services relative to private services
 

will reduce the rate of growth of consumption and the rate of savings if
 

taxation is via a proportional income tax. Since the optimal tax rate is
 

higher the higher is a, it reduces the propensity to save, thus leading to a
 

lower level of capital accumulation and economic growth. Under these
 

assumptions, even if all governments operate to achieve maximum growth, there
 

may be an inverse relation observed empirically between the size of government,
 

or its share in the expenditures, and the rates of income growth and
 

consumption, across different countries.
 

CONCLUSION
 

In this paper, Barro analyzes the role of government as an endogenous
 

"engine of growth" using various specifications of this role. He shows that if
 

the government share of expenditure to total output is chosen optimally a lump
 

sum tax is superior to an income tax for types of public services where the
 

level of service provided to households does not vary with their income.
 

However, lump sum taxation becomes suboptimal if services were provided to each
 

household in a manner proportional to their income. A flat income tax rate is
 

optimal when government services are rendered proportionally to households'
 

incomes since an income tax then operates as a user fee. The main behavioral
 

proposition of Barro's analysis is that optimal growth necessitates a
 

supportive level of government services, and that if governments were
 

"benevolently" pursuing a maximization of growth rate, there would be little
 

correlation between an economy's growth rate and the "size of its government"
 

as measured by the share of government expenditures in national income. Since
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each government chooses an expenditures share which maximizes growth,
 

variations in growth rates aad government sizes may be largely independent.
 

However, with a fixed income tax rate 
there may also be an inverse correlation
 

between the growth rate and the size of government if variations in the latter
 

were proportional to differences in the productivity of government services
 

relative to private capital services in producing output.
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1. 	Introduction
 

In the Malthusian model, the typical person marries earlier and
 

has more children when income is higher. Neoclassical growth models of the
 

Solow-Cass variety neglect the demand for children and concentrate on the
 

response of investments in physical capital to changes in rates of return
 

due to autonomous technological change and to changes in the capital-labor
 

ratio. The analysis of human capital developed partly in reaction to the
 

neglect by both Malthusian and neoclassical models of investments in the
 

quality of the labor force. 
 The human 	capital approach did not produce a
 

model of 	growth, but it stimulated empirical studies in many countries of
 

the relation between economic growth and education and other training.
 

We believe that a promising model to explain both persistent
 

growch and econ .ic stagnation, as well as many other features of
 

development, combines the neoclassicists' emphasis on rates of return on
 

investments in capital, the human capitalists' emphasis on the special
 

properties of education, on-the-job training, and other investments in
 

knowledge 	and skills, and the Malthusian emphasis on the behavior of
 

fertility. Although our paper is theoretical, we have been guided and
 

motivated 	by several generally accepted empirical regularities associated
 

with growth and development. 
A brief discussion of these regularities will
 

provide a perspective on the theoretical analysis in this paper.
 

Expenditures on schooling and, presumably, also expenditures on
 

on-the-job training and other types of human capital grow rapidly as
 

countries develop even when measured relative to expenditures on physical
 

capital. Fertility sharply declines with development, although the timing
 

varies from country to country. We believe that the association between
 



2
 

growing human capital and declining fertility is not accidental: lower
 

fertility induces greater investment in human capital by raising parental
 

altruism toward each child, and higher human capital discourages fertility
 

4>-y raising the cost of children.
 

Children move out of the labor force into schools to invest in the
 

human capital that becomes more important with development. Married women
 

sLift into the market sector when they have fewer children, and when the
 

growth of their human capital greatly raises the earnings they forego by
 

using time at household activities. Along with this shift between the
 

household, market, and education sectors, specialization by occupation and
 

education, trade between regions and countries, and other measures 
of the
 

division of labor increase as countries grow.
 

Wage rates continue to rise as countries get richer. Much less is
 

known about the path of real interest rates, although they do not appear to
 

increase (or decrease) systematically with development. In our model, if
 

tastes are stable, real interest rates first fall and then rise as 
countries
 

pass from underdevelopment to development and growth.
 

Growth and development patterns vary enormously: countries in the
 

West like Great Britain and the United States have grown for over 100 years
 

without slowing down, newly industrialized countries of Asia are growing at
 

unprecedented rates since the 1950s, and many African and some Asian
 

countries remain poor. Although we do not pretend that our theory (or any
 

other available theory) explains the rich variety of growth experiences
 

among countries, our approach does throw light on some of these different
 

experiences. It shows that whether countries stagnate at low incomes or
 

take off with rapid rates of growth depends on temporary events, government
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policies, and luck, as well as on permanent differences in preferences and
 

productivity.
 

We make special assumptions about these preferences and
 

technology. Parents are altruistic and care about the quantity and quality
 

of children, where quality is measured by the utility of children generated
 

by the human capital invested in children and the physical capital
 

bequeathed to them. Physical capital and consumption are produced with the
 

same technology. The accumulation of human capital is proportional to the
 

effective human capital stock of parents and other teachers, where the
 

factor of proportionality depends on the time devoted to teaching and to
 

learning.
 

The next two sections set out a simple version of the model with
 

endogenous fertility and a constant rate of return on investments in human
 

capital. There are three steady states: 
 one is locally stable with high
 

fertility, no human capital, and low per capita income; 
one is unstable with
 

some human capital; and one 
is locally stable with constant fertility and
 

perpetual growth in per capita income through a perpetual accumulation of
 

human capital per capita.
 

The intermediate steady state is unstable because 
a rise in income
 

near this state raises the cost of children and reduces fertility. The
 

number of children determines the degree of altruism per child, and hence
 

the generational discount rate. Therefore, a decline in fertility as income
 

grows raises the preference for future consumption, which increases the
 

amount invested in each child. This pushes the economy toward higher
 

incomes and further away from this development steady state. The results in
 

these two sections are closely related to those in Tamura 
[1987).
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Section 4 expands the model to distinguish more sharply between
 

endowments of unskilled labor available to each persor and accumulated human
 

capital. 
The rate of return on human capital investments is greater when
 

human capital is larger relative to the fixed amount of unskilled labor.
 

The same three types of steady states appear as in sections 2 and 3, but the
 

development steady state is now unstable because the rate of return
 

increases when human capital becomes larger.
 

In either case, the economy takes off toward perpetual growth if
 

its human capital exceeds the stock at the development steady state, and the
 

economy declines toward the pcor steady state if its human capital is 
less
 

than this stock. If the rate of return rises sharply as human capital
 

increases, or if fertility declines sharply as 
income increases, the take
 

off toward perpetual growth is sufficiently rapid to create a discontinuity
 

in the policy functions for both human capital and fertility.
 

Section 5 considers exogenous technical progress, augmentable
 

physical capital, and fixed natural resources. Human capital grows relative
 

to physical capital as 
an economy develops, and both increase at constant
 

rates in the perpetual growth steady state. 
 We show that the per capita
 

rate of growth in income and consumption may increase when natural resources
 

become more important because fertility is reduced.
 

A large destruction of physical capital, perhaps due to a war,
 

induces greater investment in physical capital to replace the capital stock
 

lost. 
We show that under reasonable assumptions, the destruction of
 

physical capital may not reduce and may stimulate investment in human
 

capital. The reason is that a decline in physical capital reduces foregone
 

wages for individuals investing in human capital and encourages human
 

N\
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capital investment. As long as human capital investment does not fall, per
 

capita income would eventually recover to and might even exceed its levels
 

had physical capital not been destroyed.
 

This paper only considers models where all persons in the 
same
 

'generation have the same capital and allocate their time in the same way.
 

However, some of the most surprising implications of the model relate to
 

specialization in the acquisition of human capital between persons engaged
 

in different tasks, especially between teachers and workers. 
A subsequent
 

paper will consider this division of labor.
 

The analysis in this paper grew out of our work on addiction.
 

While working out our analysis of addiction with multiple steady states
 

(Becker and Murphy [1988]), we concluded that endogenous fertility combined
 

with the complementarities of an "addictive" or learning-by-doing human
 

capital technology produces a growth model with multiple steady states.
 

Greater human capital raises the productivity of investments in human
 

capital, just as greater past consumption of addictive goods raises the
 

marginal utility of current consumption. We were'making progress in working
 

out the implications when we became aware of several papers on growth with
 

similar technologies. Especially significant are the papers by Romer [1986)
 

and Lucas [1988]; also see King and Rebelo [1986], 
and Prescott and Boyd
 

[1987]).
 

Our contribution in this paper to the 
new literature on long-term
 

economic growth lies in endogenizing fertility and population growth, in
 

distinguishing between endowments of unskilled labor and skills, and in
 

analyzing the interaction between human capital, physical capital, and fixed
 

natural resources. 
 These additions to the recent growth literature explain
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our emphasis on steady states with low 'er capita income and little human
 

capital, and on take-offs toward growth marked by declining fertility and
 

rising investments in human capital.
 

To prevent the paper from becoming still longer, we excluded
 

several related topics that are important to development. These include
 

specialization in the accumulation of human capital, the effect of multiple
 

consumer goods when some goods 
are less human capital intensive than others,
 

trade in goods and people between countries at different stages of
 

development, savings and growth when present consumption and past
 

consumption are linked through habitual behavior, and the contribution of
 

various public policies to the success of development programs. Subsequent
 

work will consider these major topics.
 

2. The Model
 

We assume a simple overlapping generations model where each person
 

lives for two periods, childhood and adulthood. A person has children at
 

the beginnipg of the adult period -- we abstract from marriage and the
 

spacing of children. The utility of parents depends on their own
 

consumption (c) and separably on the number of children (n) and the utility
 

of each child. In essence, we assume that parents have children and invest
 

in their human capital because parents are altruistic toward children. If
 

the utility of children enters linearly in the parental utility function,
 

then
 

Vt - u(ct) + a(nt)ntVt+I where u' > 0, u" < 0, and a' < 0, (2.1)
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where a(ni) is the degree of altruism per child (for a full development of
 

this utility function, see Becker and Barro [1988]).
 

Parents must allocate goods and time toward rearing and investing
 

_tn children. Each child requires f units of consumption goods and v units
 

of parental time where f can be negative if child labor contributes to
 

family income. In addition, parents can spend time (h) to invest in the
 

human capital of children. We assume that a parent invests equally in each
 

child, so that the time budget equation is
 

(h+v)n + I - 1 . (2.2)
 

where I is working time and the given amount of leisure is ignored.
 

Each adult has a a fixed amount of unskilled labor (H) that is
 

produced by the fixed expenditure of time (v) and goods (f). Consumption is
 

produced with constant returns to scale in the amount of effective working
 

time, with unskilled labor and human capital (H) being perfect substitutes
 

in producing effective time (we ignore physical capital until section 5).
 

The budget equation for consumer goods is
 

c + fn - (dH+H)1, 
 (2.3)
 

where d converts H into units of H. 
The wage rate is simply w - di + H.
 

We do not assume that human capital and consumption are
 

necessarily produced with the same or similar technologies. The crucial
 

assumption is that investments in the human capital of children or other
 

students is more productive when the teacher's human capital is greater. -A
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positive effect of the stock of human capital on the productivity of
 

investments is commonly assumed in the human capital literature, whether the!
 

reference is to parents investing in children (see Becker and Tomes [1986])
 

ur to persons investing in their own human capital (see, e.g., 
Ben Porath
 

[1967]). The assumption is also part of the mastery learning concept in
 

education, where learning of more complicated mathematics or other materials
 

is more efficient when the building blocks of elementary concepts are
 

mastered (see Bloom [1976]).
 

The human capital of a child is produced with his own time
 

(assumed to be fixed) and the time his parents spend investing in him (h).
 

In effect, h gives the ratio of teacher's time to student's time, and we
 

assume 
in this paper that the production of human capital is proportional to
 

the teacher-student ratio. 
Later work will modify this assumption to
 

analyze specialization in the accumulation of human capital. 
 The production
 

of human capital is also proportional to the teacher's effective stock of
 

human capital:
 

Ht+l - Aht(bH+H) 
 (2.4)
 

where b converts fiinto H units in the production of human capital. The
 

term A measures the productivity of time and capital spent investing in
 

children. This technology is similar to that in Uzawa [1965], 
Lucas [1988],
 

King and Rebelo [1986], 
and Rosen [1976] except that they do not consider
 

raw labor.
 

Human capital is knowledge embodied in individuals that is not
 

freely available to others. The economics of embodied knowledge is very
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different from that of disembodied knowledge -- exemplified by a simple
 

blueprint easily understood by people with little human capital: 
The
 

coefficient A in the production function for human capital includes the
 

affect of disembodied knowledge on the productivity of investments in
 

embodied knowledge. Although we analyze how investments in embodied
 

knowledge respond to changes in A --
perhaps caused by changes in the amount
 

of disembodied knowledge -- we do not endogenize the growth of disembodied
 

knowledge (Romer's paper at this Conference [1988] models the accumulation
 

of disembodied knowledge).
 

We first develop a simplified analysis with n exogeneous and
 

b - d - 1, so that substitution between raw labor and human capital is unit
 

for unit and is the same in the consumption and capital producing sectors.
 

Parents maximize their utility in equation (2.1), subject to the time
 

constraint in equation (2.2), the production function in equation (2.3), 
the
 

investment equation (2.4), 
and the stock of initial human capital (Ht). The
 

first order condition for human capital investment is
 

dVt~
 
u'(H+H) - a(n )A(h+H dt+l (2.5)


t t dHt+l
 

This equation gives the utility-maximizing investment provided Vt 
is concave
 

in Htand u" < 0,
 

The left hand side of (2.5) gives the utility cost of spending an
 

additional hour investing in each child rather than at work. 
The right hand
 

side gives the marginal benefit from an additional hour speltt investing
 

discounted by the rate of preference for parents' consumption over
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children's consumption -- we call this the rate of altruism-time
 

preference
 

Equation (2.5) can be expressed as
 

up aVt+

a(nt)V'. A , where Vt+1 (2.6) 

a tndvt+l 
 t+l :-t+1
 

The marginal product of an additional hour spent on children is independent
 

of h. With the assumption that b - d, the rate of return is also
 

independent of the initial stock of human capital (Ht) because an increase
 

in Ht raises foregone earnings from investments by the same percentage as it
 

raises returns. The latter rises because of the positive effect of parents'
 

knowledge on the productivity of investments in children. The constant rate
 

of return to investments in human capital idstinguishes this model from
 

those used in the neoclassical model.
 

An increase in Ht+ I indirectly provides more resources for
 

consumption in period t+l by raising the productivity of investments in
 

producing Ht+2. Therefore, the effect of Ht+1 on the consumption and the
 

utility of each child is, holding future human capital and consumption
 

constant,
 

avt+ I dct+I d[2t+lWt+I ]
 
t+l act+l dHt+l t+l dHt+l
 

(2.7)
 

rdht~+l
 
- wt+n dht+lJ
-ut,+1 lt+ I
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dct
 
with wt "
- + Ht" 
 (2.8)
 

Since we are holding Ht+2 constant, we can find the saving in ht 1 from an
 

increase in Ht+l:
 

t+2 (H+Ht+ dht+ + (2.9)
dH t~ At+ht+1i 
h t+1 
 (2.9)
 

Therefore,
 

tul [It+l + nht+i] - u' (l-vn) (2.10) 

where the right hand side follows from the time budget equation (2.2).
 

Using (2.10), we can write the arbitrage condition in equation (2.6) as
 

ut 

a(nt) u ,  - Rt- 1 + rt - (1-vn)A (2.11)
 

The rate of altruism-time preference (1/a(nt)), adjusted for the change over
 

time in the marginal utility of consumption (ut/u+l), equals the marginal
 

rate of return on capital.
 

The rate of return on investments in human capital is constant,
 

and depends only on the productivity of investments (A), the fixed time cost
 

of rearing children (v), and the level of fertility, and it is independent
 

of the time allocated to investment. 
The rate of return is also independent
 

of the initial stock of human capital because an increase in human capital
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raises the productivity of investment and foregone consumption by the same
 

percentage.
 

If u(c) - ca/o, (0 < o < 1), the arbitrage condition becomes 

(l+g) - (a(n)(lvn)A)l/l0 , (2.12)
 

where l+g - ct+i/ct. 
The rate of growth in per capita consumption is
 

positive, zero, or negative as the rate of altruism-time preference is less
 

than, equal to, 
or exceeds the rate of return on investments. The rate of
 

growth in consumption is constant and is independent oi initial conditions,
 

as measured by the initial capital stock, because the rate of return on
 

investments is constant. The economy moves immediately to the consumption
 

growth path with no initial period of adjustment.
 

Consumption per capita would grow over time at a constant rate
 

from any initial capital stock if the constant rate of return on investment
 

exceeds the rate of altruism-time preference. Consumption would fall at a
 

constant rate from any initial capital if the return is below adjusted time
 

preference (see Figure 1). 
 Note that per capita growth would continue
 

indefinitely even without continuing advances in productivity (the same
 

points are made by Lucas [1988] 
and by King and Rebelo [1986]).
 

The economy is underdeveloped when Ht - 0 because each person is
 

unskilled and earns only the endowed wage rate, H. 
Figure I shows that this
 

underdevelopment pos!.tion is not a steady state 
if the rate of return on
 

investments exceeds altruism-time preference. For then, consumption ane
 

human capital per person rise over time, regardless of the initial caFital
 

stock. However, this underdevelopment position is a steady state if the
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rate of return is less than altruism-time preference. Then consumption
 

falls over time towards that position, regardless of the initial capital
 

stock.
 

From the production function,
 

ct+1 	 (H+Ht+l ) (l-vn-ht+in)
 

l(gt l.v (2.13)
(+Ht) htn 


If Ht is large relative to H, the first term on the right hand side is
 

approximately Aht (see equation (2.4)). 
 Then, the right hand side would be 

constant only if ht - ht+ - h*. By equation (2.13), 

1+* a/l-a[ i/l-a
h* 


- A a [a(n)(l-vn)] 	 (2.14) 

In the growth steady state, the fraction of time spent investing in human
 

capital is higher when investments are more productive (A), fertility (n) is
 

lower, 	the pure degree of altruism-time preference (defined by I/a(l)) 
is
 

larger, the fixed cost of children (v) is lower, and substitutability
 

between the consumptions of different generations (a) is larger.
 

Even when fertility is constant and exogenous, the fertility rate
 

still significantly affects growth rates and the time spent investing in
 

each child. Since the degree of altruism-time preference and the rate of
 

return on investments are both negatively related to the number of children,
 

an increase in fertility lowers investments per person and the growth rate
 

in consumption per person.
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For all n < n', whre n' is defined by a(n')(l-vn')A - 1, the rate
 

of return on investments exceeds the rate of altruism-time preference, and
 

the the economy moves to the perpetual growth steady state from all initial
 

ualues of human capital. 
 However, the rate of return is below altruism-time
 

preference when n > n', and the perpetual growth steady state is then
 

globally unstable. Instead, there is a globally stable steady state at
 

underdevelopment with no human capital and with per capita income entirely
 

determined by the endowment of unskilled labor (H).
 

We have so far followed neoclassical and recent growth models in
 

assuming that fertility and population growth are exogenous to utility
 

maximization. But our assumption that families 
are major providers of
 

capital to the young naturally leads to the incorporation of fertility into
 

the network of utility-maximizing decisions. Parents choose both the number
 

of children and the investments in each child. 
A larger number of children
 

discourages investments in edch one by raising the degree of altruism-time
 

preference for the present and lowering the demand for future consumption.
 

Similarly, a larger investment in each child discourages the demand for
 

children since additional children are more expensive when investments are
 

greater.
 

To simplify the analysis of this interaction between endogenous
 

fertility and endogenous investments, we assume that the altruism function
 

-
has a constant elasticity a - an , where a < 1 and 0 < c < 1. Initially we
 

assume that endowments and fixed goods costs are negligible (A-f-0), so that
 

the first order condition for n is
 

(l-e)ant Vt+ 1 - u'(ct )(v+h t)wt , where wt - Hr. (2.15)
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The right hand side shows that the marginal cost of children depends
 

positively on the time spent investing in each child. 
The marginal benefit
 

of children (on the left hand side) is negatively related to the number of
 

children and positively related to the utility level of each child.
 

The first order condition in equation (2.5) with respect to
 

the investment rate ht becomes
 

ant AVt+I  ut (2.16)
 

Second order conditions for equations (2.15) and (2.16) are u" < 0 and
 

a + e < 1. The second condition is required to insure positive values of n
 

(see the appendix).
 

If the elasticity of u with respect to c is also constant, an
 

economy described by the first order conaitions (2.15) and (2.16)
 

immediately goes to a steady state regardless of the initial capital stock.
 

It is easy to show that the steady state values ht  h*, nt - n* and
 

-
1 + g - ct+I/c t Ht+IHt - Ah* satisfy these equations for all t. Divide
 

equation (2.15) by equation (2.16) to get
 

Vgi t+ 
 - v + (l+g)A "1 

V't+it+l (2.17)
 

Along the steady state growth path,
 

V' d log V
t+l Vt+l d og (2.18)

Vt+ I d log Ht+I d log c
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since an increase in Ht+I by a given percentage increases all ct+i(i-l...)
 

by the same percentage. Then solving (2.17) for the growth rate gives
 

Ct+l Ht+l vcA 
I - H Y-a-e(2.19) 

that is independent of t* Similarly, by substituting for 1 + g into
 

equacion (2.11) we get the steady state fertility rate, n*, as the unique
 

solution to:
 

an*- (l-vn*) - A - v (2.20) 

The growth rate and the fertility rate depend only on the parameters v, c,
 

a, and A.
 

Comparing equation (2.19) to equation (2.14) shows that
 

endogenizing fertility has an enormous effect on the determinants of per
 

capita growth. 
More productive investments and easier substitutability of
 

consumption over time still raise per capita growth. 
 But an increase in the
 

time cost of children (v) raises rather than lowers the per capita growth
 

rate if fertility is endogenous rather than exogenous. The explanation is
 

provided by equation (2.20). 
 An increase in child costs reduces fertility,
 

which raises the degree of preference for future consumption and hence
 

raises the desired rate of growth in per capita human capital and
 

consumption. An increase in the elasticity of per capita altruism with
 

respect to the number of children raises the per capita growth rate for.
 

similar reasons.
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By differentiating equation (2.20), it is straightforward to show
 

that
 

dn* < 0d > 0 n* > 
 , and < 0 " (2.21) 

An increase in the productivity of investment (A) raises both fertility and
 

the growth rate of per capita income and consumption. Endogenizing
 

fertility eliminates the positive effect of pure altruism-time preference
 

(c) on per capita growth rates, but it does introduce a positive effect on
 

fertility. Consequently, an increase in a raises the growth rate of
 

aggregate income and consumption.
 

Since time preference and fertility are exogenous in the
 

neoclassical model, a change in the degree of time preference does not
 

affect steady state per capita and aggregate growth rates in this model
 

because the interest rate simply changes by the same extent as time
 

preference. That a change in pure altruism-time preference does not affect
 

the per capita growth rate in our model is an artifact of the constant
 

elasticity functional form (an-). 
 The important general implication of
 

this special result is that greater preference for the present generation
 

could either lower or raise the per capita growth rate depending on how a
 

change in n affects the elasticity of per capita altruism with respect to n.
 

Although a change in the cost of children (v) has opposite effects
 

on fertility and per capita growth, the effect on fertility dominates, so
 

that an increase in v necessarily lowers aggregate growth, as it does when
 

fertility is exogenous. 
Equation (2.19) shows that 1 + g is proportional to
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v. 
Equation (2.20) implies that the elasticity of n with respect to v
 

exceeds 1:
 

-d log n _ (1-c)(1vn+v 
> 1 since 1 - a > e . (2.22)
d log v c(l-vn)+vn
 

3. Underdevelopment Traps and Growth Momentum
 

In the models considered so far, the rate of growth in per capita
 

consumption and long term rates of growth in income and human capital depend
 

only on permanent parameters of tastes and technology. These growth rates
 

are independent of initial conditions, luck, temporary changes in
 

technology, wartime and other shocks. Therefore, these models must rely on
 

permanent changes over time and permanent differences across countries in
 

tastes and productivity to explain the vastly different growth records of
 

various countries and the take-off into development of particular countries.
 

Fortunately, it is possible to enrich these models to provide a
 

major place for temporary events and initial conditions. In this section,
 

we 
explore several simple models that incorporate endogenous fertility and
 

human capital accumulation when each person is endowed with unskilled labor
 

(R).
 

The way endowments of unskilled labor enter the production
 

functions for consumption and investment crucially determines the nature of
 

steady states and dynamics. We first carry over the assumption from Section
 

2 that endowments have uniform effects on productivity in different sectors,
 

and then in Section 4 explore the more relevant case where unskilled labor
 

has a larger effect on the production of consumption goods than of human
 

capital.
 

NI
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E,.logenous fertility changes the first order conditions for
 

investment in equation (2.12) to
 

1-a
 

(l+gt)lUa anf(1vn )A - an .(.tct t t+l t t
 

The rate of return to investment in human capital at t (Rt) depends
 

negatively on future fertility (nt+l). 
 The first order condition for
 

fertility is
 

(l-)ant Vt+ (ct)[(v+ht)(f+Ht) + f]
 

where f is the fixed goods cost of each child.
 

The solutions to these equations clearly depend on the endowment
 

of unskilled labor (H) and on initial human capital (Ht). However, since
 

both H and f become insignificant when Ht is large, the solution when Ht is
 

large are the steady state levels of n, h, and l+g that are given by
 

equations (2.19) and (2.20), for the casewhere i and f were both zero.
 

Unskilled labor and fixed goods costs are 
important only when human capital
 

is not large.
 

We define an underdevelopment steady state by Ht - ht - 0, and
 

nt - nt+ I - np, all t. Since at this steady state, the rate of return on
 

investment must be less than or equal to the rate of altruism-time
 

preference, equation (3.1) becomes the inequality
 

an- C(l-vnp)A <_1 
 (3.3)
 
p p 
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Clearly, this inequality is satisfied if np is sufficiently large. With
 

ht - Ht - 0, the first order condition for n in (3.2) becomes
 

( "-e)an
V - u'(cp)((vH) + f) (3.4)
 

By substituting for Vp and u(cp), equation (3.4) can be rewritten as
 

p1 p I ]
(l-vn )H/f-np c[l- n
 (3
 

vH/f+l ( ) C (
 

The right hand side of equation (3.5) is increasing in n by the
 

second order conditions for maximization (see the appendix). The left hand
 

side gives the financial rate of return from an additional child: the ratio
 

of adult consumption to the consvoption foregone to produce a child. 
The
 

rate of return from children is greater when endowments are larger and when
 

time (v) and goods (f) used to produce children are smaller. Therefore,
 

parents would have relatively many children with little human capital when
 

they are cheap to produce and yet are reasonably productive (H is large).
 

If the np determined from equation (3.5) is sufficiently large, it satisfies
 

inequality (3.3), and an underdevelopment steady state exists (assuming that
 

the first order conditions maximize utility; we discuss this issue later).
 

This steady state is stable for some initial values of H. Since
 

the rate of return on investments is less than the degree of altruism-time
 

preference for Ht - 0, it must also be less for some Ht > 0. 
The economy
 

returns to the underdevelopment steady state in one generation from all Ht
 

where the rate of return is below altruism-time preference. Clearly, the
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underdevelopment steady state is also stable for some Ht where the return to
 

H - 0 takes more than one generation.
 

If time spent on child rearing is not the dominant cost of
 

children in underdeveloped economies, the relation between fertility and
 

income would be positive in the interval where the economy returns to the
 

underdevelopment steady state in one generation. 
In particular, if
 

v(H+H d < 1 - a , where 1 - a > c (3.6)
 

v(H+Ht)+f
 

our model has the Malthusian property of a positive relation between income
 

and fertility in an underdeveloped country with little human capital. 
 A
 

positive relation between fertility and income helps stabilize the
 

underdevelopment steady state, for an increase in fertility lowers the
 

degree of altruism, which discourages investment in children, and the rate
 

of return on investment falls as n increases.
 

However, this Malthusian view of a positive relation between
 

fertility and income is 
a myopic view of the effects of development on
 

fertility that holds near the underdevelopment steady state, but does not
 

hold when countries manage to reach a moderate stage of development. Even
 

if parents do not invest in children (h - 0), time costs must continue to
 

rise as H increases (see equation (3.6)). 
 Eventually, therefore, the
 

inequality in (3.6) is reversed and fertility falls as H increases further
 

This decline in fertility with increases in H means that the rate
 

of return on investment in children will become as 
large as the degree of
 

altruism-time preference 
 the left hand side of (3.3) would increase until
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it equals one. Then parents begin to invest in children (h > 0). At first,
 

the amount invested Is insufficient to maintain the parents' level of human
 

capital, and the economy returns over time to the underdevelopment steady
 

tate (see point b in Figure 2). However, there might be a sufficiently
 

high level of human capital where investments in children just maintain
 

human capital (see point D in Figure 2). Fertility and investments per
 

child then remain constant over time in a steady state.
 

This development steady state satisfies the following first order
 

conditions for investments and fertility:
 

and (l-vnd)A - 1, (3.7)
 

l-(v+hd )nd-fnd (H+Hd) a - nd (3.8)
 

- (3.8)v+hd+f(+Hd)-I i- [ 

where
 

AHh d 

Had 
- Ahd (3.9)


1-Ahd
 

Equation (3.7) determines a unique development steady state fertility rate
 

that is below the rate at the underdevelopment steady state (nd < np)
 

because the left hand side of (3.3) and (3.7) is negatively related to n.
 

Even if fertility is positively related to income when a country is
 

underdeveloped, higher income must drive fertility down prior to reaching
 

development. Consequently, we can derive the strong negative relation
 

(4
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between fertility and development found across countries and in the
 

histories of developed countries. The Malthusian model went badly wrong
 

because it took a myopic view of the effect of economic growth en fertility.
 

Equation (3.8) determines the steady state investment rate
 

-given that equation (3.7) determines fertility -- and (3.9) determines the
 

steady state stock of human capital. If f is small relative to the wage
 

rate (H + Hd) at the development steady state, the left hand side of
 

equation (3.8) is negatively related to hd. Then (3.8) determines a unique
 

investment rate, h that is negatively related to the value of nd
 

determined from equation (3.7).
 

The first order condition for investment in the development steady
 

state is also expressable as
 

andCAV - u' 
 (3.10)
 

If we assume for the present that f - 0, and if this equation is divided by
 

equation (3.2), 
the first order condition for fertility, then
 

l-E

hdA - 1- - vA 
 (3.11)
 

where a - (VA/Vd)(+Hd) (see equation (2.18)).
 
Since hd is feasible only if hdA < 1, the steady state is feasible if, and
 

only if,
 

vAc vAc
< 1 and > 1
l -€ I-C-0 (3.12)
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The second inequality in (3.12) is the condition for perpetual
 

growth (see equation (2.14)). Therefore, no development steady state exists
 

when perpetual growth is not possible (remember we are assuming-f - 0). The
 

policy function that relates Ht+l to Ht then remains below the steady state
 

line for all values of Ht (see US in Figure 2). The underdevelopment
 

steady state would be stable for all H; 
no matter how rich the starting
 

point, the economy eventually disinvests all its human capital and returns
 

to a low income steady state with no human capital. The inequality in
 

(3.12) implies that global stability of the underdevelopment steady state
 

is likely 	when the fixed time cost of rearing children (v) is small,
 

investments in human capital (A) are not productive, the elasticity of
 

substitution in consumption (related to c) is small, and the elasticity of
 

the 	altruism function (e) is small.
 

Since with f - 0, a development steady state exists only if
 

perpetual growth is possible, the policy function for human capital
 

investments must cut the steady state line (the 450 
line) from below when it
 

crosses at the development steady state (see the curve UP in Figure 2).
 

Therefore, with f - 0, the development steady state must be unstable. Any
 

deviations of Ht from Hd push the economy toward either the underdevelopment
 

steady state or perpetual growth. The latter is stable for all Ht > Hd and
 

the underdevelopment steady state is stable for all Ht < Hd'
 

It is easy to show that Hd is positively related to A and
 

neg,-cively related to v and A. 
Consequently, the underdevelopment steady
 

state is stable over a wider set of Ht when unskilled labor is more
 

important, fixed time costs of rearing children are smaller, and investments
 

are less productive.
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The first inequality in (3.12) shows that a development steady
 

state does not exist when (l-c)/a > vA, even if perpetual growth is
 

possible. However, an underdevelopment steady state then does not exist
 

_e ither, and the economy grows no matter how small the initial capital
 

stock. In this case, perpetual growth is stable for all values of the
 

initial capital stock (see curve GG in Figure 2).
 

Our model implies that when f - 0, there can be a stable steady
 

state with only unskilled labor, and stable perpetual growth with steadily
 

growing skills and knowledge, but not a stable steady state with a constant
 

amount of per capita skills and knowledge. The steady state with a constant
 

stock of human capital wruld not be unstable if fertility were not
 

negatively related to income at that point. 
This negative relation means
 

that the rate of return on investments increases and the rate of altruism

time preference declines when human capital grows near the development
 

steady state.2 These higher returns to investments and lower preference for
 

present consumption are what destabilize the development steady state.
 

The negative relation between fertility and income near the
 

development steady state is in contrast to the likely positive relation near
 

the underdevelopment steady state. 
 This positive relation helps stabilize
 

the underdevelopment steady state, just as the negative relation near the
 

development steady state destabilizes that steady state. Fertility tends to
 

fall as income increases not only near the development steady state, but for
 

all H Hs (see Figure 3). That Hs < Hd comes from our proof earlier that
 

even when f > 0, fertility is lower at the development steady state than at
 

the underdevelopment steady state. Fertility also tends to continue to fall
 

as H increases well beyond Hd' Since the right hand side of (3.1) is
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negatively related to n, steady state fertility must be lower when g > 0
 

than when g - 0.
 

The relation between fertility and human capital in Figure 3 is
 

-fositive when most workers are unskilled (in the region near H 
- 0). The
 

-myopia of the Malthusian view is seen from the fall in n after H becorAes
 

sufficiently large. Indeed, the relation between n and H is sharply
 

negative near Hd, the unstable steady state human capital, and n is much
 

lower when per capita income is growing steadily than at the other steady
 

states.
 

We have been assuming a concave value function, so that the
 

utility-maximizing choices are determined from the usual first order
 

conditions. However, the value function may become convex as a result of
 

the interaction through the altruism and cost functions between fertility
 

and investments in each child. 
With a convex value function, the slope of
 

the policy function that relates Ht+ I to Ht would have a jump at some
 

capital stock H*. The lower leg of this discontinuous policy function lies
 

below the steady state line (see Figure 4), with Ht+1 < Ht for all Ht < H*.
 

The upper leg lies above the steady state line with Ht+ I > Ht for all
 

Ht > H*. Although H* is not the solution to the steady state first order
 

conditions because the solution to these conditions would not maximize
 

utility, H* does have many of the properties of an unstable steady state.
 

If Av < (l- -a)/a, a perpetual growth steady state does not exist.
 

An underdeveloped steady state also would not exist if the goods costs of
 

children are sufficiently large that parents with no human capital have only
 

a small number of children. With few children, they might invest in each
 

child because the degree of altruism would be below the rate of return on
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investments in human capital. If underdevelopment and perpetual growth
 

steady states do 
iot exist, the policy function that relates Ht+l to Ht
 

would cross the steady state line from above. Then the development steady
 

_!tate is unique and globally stable (see GL in Figure 2). Fertility is
 

positively related to 
income near this development steady state, for
 

otherwise it would not be stable. 
Again we see th6 important role of
 

fertility in determining the dynamic path of income and investment in human
 

capital.
 

It is also possible to have both stable and unstable steady states
 

with positive human capital. 
 This occurs when the fixed cost of children
 

(f) is large enough. A large f makes fertility positively related to human
 

capital at low income levels, and it also makes fertility sufficiently low
 

when H - 0 so that investment is positive.
 

4. Higher Rates of Return When Human Capital Is Greater
 

Unskilled labor is less important in the production of human
 

capital than consumption: many services and some consumer goods do closely
 

depend on the input of unskilled labor, while teaching and other investments
 

in knowledge are highly skill-intensive activities. 
 This is captured in our
 

model when the endowment (H) of unskilled labor is less important in the
 

production of human capital than of consumption, i.e., if b < d in the
 

production functions for H and c in equations (2.3) and (2.4). 
 This
 

assumption about the productivity of endowments reduces the need !:o rely on
 

fertility to destabilize the development steady state and generate the
 

dynamics of human capital accumulation. The decline in fertility with
 

income is important to development, but it is far from the whole story.
 

C



28
 

Higher rates of return on investments when the stock of human capital is
 

greater contribute greatly to the take off from unstable incomes levels into
 

perpetual growth and human capital accumulation.
 

Since rates of return on investments increase with the human
 

-capital of the investor when b < d and H is not large relative to H, persons
 

with relatively little human capital may specialize in producing consumer
 

goods, while those with a lot of human capital would specialize in producing
 

human capital for the next generation. However, this incentive to
 

specialize would be weakened and possibly eliminated if the capital market,
 

especially the market across generations, is not well developed. People may
 

be unable to obtain loans to finance capital accumulation in order to
 

specialize in teaching. 
They would have to rely on gifts from parents. But
 

parents are only willing to give limited gifts, and they might not invest
 

unequally in children if they are not confident that the children who
 

receive more human capital would help out children who receive less.
 

The incentive to specialize is also weakened if there are
 

diminishing returns to 
the time spent by any person in producing
 

consumption, perhaps because of on-the-job training. 
For example, the
 

incentive to specialize in producing c or H is reduced if hours worked in
 

equation (2.3) is raised to a power 6 < 1. A sufficiently low 6 can
 

eliminate all specialization.
 

In this section and Section 5 we assume all persons in the same
 

generation have equal human capital either because capital markets are
 

highly imperfect or because of diminishing marginal products to working
 

time. In subsequent work we will consider specialization and unequal
 

investments in different members of the same generation when capital markets
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are perfect and there is diminishing returns to the time spent investing in
 

any person.
 

With diminishing returns to working time, the production of c is
 

_&iven by
 

ct - (l-(vt+ht)nt)6(dH+Ht) fn . (4.1) 

The first order condition for optimal investment in human capital is
 

u~wt " antV'+(bH+Ht), 
 (4.2)
tt+
 

or
 

R I-A.t+,l bH+Ht 6It+, h da+Ht+lP
Rt" A-- +HtJ u'tI +nt+lht+1 lbH+Ht+-- an--u (443 

where 2 - 1 
 (v+h)n is the time spent at work. This equation reduces to
 

equation (2.11) when 6 - 1 and b - d.
 

With b < d, the rate of return is higher not only when future
 

fertility (nt+1 ) is lower, but also when current and future human capital
 

(Ht, Ht+1 ) are larger. As H increases, the weights given to the endowment
 

become less important, until Rt becomes independent of b, d, and H for very
 

large H. Unskilled labor is of no consequence when H is large, and the
 

analysis with b P,d is then the same as 
the analysis when b - d. In
 

particular, equation (2.19) still gives the determinants of the steady state
 

rates of growth in per capita human capital and consumption when fertility
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is endogenous. The basic parameters are still v, A, a, and e, while 6, b,
 

and d have no effect on the steady state rates of per capita gr.wth.
 

The parameters b and d do have very big effects when H is large
 

Yelative to H. To isolate these effects from those of endogenous
 

'fertility, we assume that fertility is constant and given (- to n). The
 

conditions for an underdevelopment steady state with h - 0 are then
 

b-i
 
b- (l-vnA) < a- n 
 (4.4) 

Even if n is small, the inequality in (4.4) holds when b/d6 is
 

small enough. The greater importance of unskilled labor in producing
 

consumers goods than in producing human capital (b/d<l) can produce a stable
 

steady state with no investment in human capital because the rate of return
 

on invest-r'cnts is low when H is small.
 

If the value function is concave, a utility-maximizing steady
 

state with h > 0 must satisfy the steady state first order conditions for h:
 

_______d) 6(dR+Hd) 1 
" 
n(+Hd) {i - vn - hdn1 - b-+Hd (4.5) 

where
 

H - bAHhd (4.6)
d "l-Ah d 

The solutions to equations (4.5)-(4.6) for h and H are unique. If
 

perpetual growth and underdevelopment steady states exist, these unique
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values of h and H define a development steady state that is unstable.
 

Higher rates of return on investments when the stock of human capital
 

increases destabilize the steady state even with fertility constant.
 

-Thesehigher rates of return can even make the value function convex
 

'rather than concave. Then the policy function would have a jump at a
 

capital stock H* that replaces the steady state stock Hd. The capital stock
 

falls over time toward underdevelopment if Ht < H*, and it rises over time
 

toward perpetual growth if Ht > H* (see Figure 4).
 

If fertility is endogenous, it would decline as income and human
 

capital increase near the development steady state because greater
 

investments raise the cost of children. 
Such a decline in fertility also
 

destabilizes the development steady state (see Section 3), 
and raises
 

investments even further through the interaction between fertility and
 

investment. 
Indeed, rising rates of return and declining fertility together
 

usually make the value function convex rather than concave. This is clear
 

from the simulations reported in the appendix, where the policy functions
 

are discontinuous for "reasonable" values of a and other parameters (with b
 

less than d). The investment rate jumps upward and fertility falls
 

discontinuously when H increases slightly beyond a critical value of H. 
Per
 

capita consumption either falls or rises discontinuously at that value
 

depending on whether h changes discontinuously by more or less than n
 

(assuming f is small).
 

In both the neoclassical and Malthusian growth models, temporary
 

changes in technology and preferences leave no lasting imprint on the
 

economy. In effect, these models have no room for history or state
 

dependence. 
Although certain kinds of temporary changes presumably have
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only a short lived impact, many others leave a permanent mark, and still
 

others crucially influence the future course of an economy. Fortunately, in
 

our model, an economy's past may have enormous effects on its subsequent
 

income and growth.
 

To illustrate, consider an economy at the underdevelopment steady
 

state with no human capital that experiences a temporary increase in the
 

productivity of investments in human capital (A). This temporarily raises
 

the policy function from UP in Figure 2 to say GG; when productivity returns
 

to its normal level, the policy function returns to UP. Human capital grows
 

while A is high because GG is above the steady state line. Suppose that
 

productivity returns to its normal level and the policy function returns to
 

UP when Hg units of H are accumulated. Since Hg > Hd, the unstable steady
 

state stock, the economy continues to accumulate human capital along UP even
 

after the temporary boom in productivity ends.
 

In this example, a temporary increase in productivity has an
 

enormous impact on future income and growth. However, if less than Hd of
 

human capital is accumulated while productivity booms, the economy
 

eventually returns to the underdevelopment that it started from. Therefore,
 

temporary changes in the productivity of investments have permanent effects
 

on the economy only when they are sufficiently strong and long-lasting.
 

Investments in human capital may increase temporarily because
 

public policies subsidize for a while investments in R & D, schooling, and
 

other types of knowledge and skill, or because of a temporary tax on
 

children that reduces fertility and raises investment per child. Rates of
 

return may increase temporarily also because a sequence .:f new products and
 

methods of production become available -- such as steelmaking, railroads, or
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computers -- that raise returns to the endogenous accumulation of knowledge.
 

If these innovations are sufficiently important and/or arrive rather close
 

together, the endogenous accumulation of knowledge uould push the economy
 

into the region of eventual steady state growth, even if further exogenous
 

improvements in products and costs are negligible. 
This is how our model
 

integrates exogenously developed innovations and technologies (as stressed,
 

e.g., in Rosenberg and Birdzell [1986]) 
with the endogenous accumulation of
 

knowledge and skills. 
 It also shows how leading sect-rs can induce a take
 

off into growth (see Rostow [1963]).
 

Human capital is knowledge that is embodied in individuals.
 

Technological progress in the form of new products and cost reductions
 

sometimes raises the productivity of investments in human capital by
 

creating common, not private, knowledge that is freely available to
 

everyone. 
Our model considers the response of privately accumulated
 

knowledge to 
spurts or sporadic changes in the creation of common knowledge,
 

but does not endogenize the growth of common knowledge.
 

Other types of shocks and events can also push a stagnating
 

economy into the region of perpetual growth, or a progressing economy into
 

economic stagnation. For example, a rise in population due to a decline in
 

mortality or immigration may lead to perpetual growth by raising rates of
 

return on investments in human capital. Or the destruction of human capital
 

due to war or other disasters can change a prospering economy into an
 

impoverished one by lowering rates of return on investments in knowledge
 

(see Section 5).
 

Therefore, economies will end up with very different levels of
 

real income and rates of growth even though they have the same production
 



34
 

functions and tastes. Economies that receive the most favorable sequence of
 

temporary improvements in productivity, public policies, population, and
 

other variables will have the highest incomes and most favorable growth
 

-ates. This suggests that sheer luck must bc 
an important contributor to
 

*the explanation of why, for example, the industrial revolution began in
 

England rather than China or elsewhere. We are not suggesting that unwise
 

bureaucracies and permanent differences among countries in tastes and
 

productivity are unimportant, but only that the search for such differences
 

may be excessive.
 

Joseph Needham [1969] has a famous discussion of why the
 

industrial revolution did not occur in medieval China even though it was
 

much more advanced technologically than medi, al Europe. He emphasizes the
 

policies of the Mandarin bureaucrats (a view criticized by Chao [1987]), but
 

he also recognizes the delicacy and instability of the prior European
 

equilibrium: "These many diverse discoveries and inventions had
 

earthshaking effects in Europe, but in China the social order of
 

bureaucratic feudalism was very little disturbed by them. 
The built-in
 

instability of European society must therefore be contrasted with a
 

homeostatic equilibrium in China, the product I believe of a society
 

fundamentally more rational." ([1969, page 214], 
our italics)
 

We do not pretend that our simple model captures the rich
 

historical experiences of different countries, or that it explains why
 

Europe largely stagnated for a thousand years prior to the fifteenth century
 

and China stagnated after that century. We do believe, however, that a
 

relevant model must have multiple steady states, and that countries take off
 

toward greater prosperity or fall back toward more poverty when in the
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vicinity of unstable steady states. Luck might be a major factor
 

determining whether they take off or retreat. Our model incorporates
 

rudimentary versions of these properties.
 

5. Physical Capital
 

This section brings accumulated physical capital, fixed natural
 

resources (such as land), and technological progress into the analysis of
 

growth and development. These variables affect fertility and the rate of
 

population growth, the relative productivities of unskilled labor and human
 

capital, and the accumulation path of human capital. We use a simple model
 

to describe optimal human capital investment in the presence of these
 

variables.
 

The per capita output of consumer goods (Q) is Cobb-Douglas in
 

working time, human capital, and a variable k that represents autonomous
 

technological advance, a fixed amount of land or other natural resources, or
 

optimally accumulated consumer goods:
 

Qt - (dH+Ht)X4k (5.1) 

The exponents P, 6, and s attached to each variable may differ. We assume
 

that k as well as R has a greater effect on the production of c than of H,
 

and only consider the simple case where k has no direct effect on the
 

production of H.
 

The first order condition for h is the same, regardless of what k
 

represents
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utwt - anEA(bA+H)--8t+l 	 (5.2)
 

where wt - aQt/al
t . The first order condition for n depends on the
 

assumption about k. 
If k represents exogenous technological progress that
 

advances at the rate gk' the first order condition for n is
 

ut[(v+hh)wt+f] - (l-c)anCV (5.3)

tt tt 	 t+l
 

If consumption and human capital grow over time, then eventually f and
 

will be negligible, and H and c will grow at constant rates. 
 By dividing
 

equation (5.3) by (5.2) and simplifying, we obtain in the growth steady
 

state:
 

H t+__ _ _!lvo*A
 
Ht 
 h * 


(5.4)
 

where
 

o* - PC 	d log V 
d log H (5.5) 

along the steady state path. Human capital grows more slowly in the steady
 

state when 6 is smaller --
when the returns to H in the production of
 

consumer goods diminish more rapidly 
-- because P0< I reduces the rate of
 

return to human capital investment.
 

Equation (5.4) has the surprising property that the steady state
 

rate of growth In per capita human capital (gh) is independent of the rate
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of progress (gk) in the production of consumer goods. Since the rate of
 

return on h is positively related to gk' one might expect gh also to be
 

positively related to gk" However, even with fixed fertility, the effect of
 

7 higher rate of technical advance would be ambiguous since the rate of
 

'return to human capital investments would rise but the marginal rate of
 

substitution in consumption would fall. With log utility, these effects
 

cancel and human capital growth is independent of the rate of technological
 

advance. With endogenous fertility, we have the additional effect that the
 

utility of children, and hence fertility, increases when gk increases. The
 

greater rate of progress in the production of consumer goods does not affect
 

investments in human capital because the decline in the degree of altruism

time preference due to the rise in fertility cancels the higher rate of
 

return to investments in human capital. 
Note, however, that this neutrality
 

result depends on the constant elasticity functional forms assumed for the
 

altruism and production functions, and gh can be either positively or
 

negatively related to gk with other functional forms.
 

Since ct - Qt when kt represents exogenous technology, then
 

log (l+gc) - P log (l+gh) + s log (l+gk). (5.6)
 

The steady state rate of growth in per capita consumption depends positively
 

on the rate of technological advance: gc is a weighted sL of the rates of
 

growth in per capita human capital and technology. The rate of growth in c
 

depends on the diminishing returns to H in the production of c both directly
 

( ) and indirectly through its effect on gh"
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If instead of technical progress, k represents per capita
 

endowments of a fixed amount of land, oil, or other natural resources 
(KO).
 

per capita resources are
 

kt - K-Nt, 
 (5.7)
 

where Nt is population at t. Since t increase in population lowers future
 

per capita natural resources, the existence of limited resources raises the
 

cost of children and thereby lowers fertility. Natural resources raise the
 

cost of children by, in effect, raising the elasticity of the altruism
 

function from c to * - c + so.4 With nothing else changed, the steady
 

state rate of growth in H is obtained in the same way as equation (5.4) was
 

obtained by dividing equation (5.3) by (5.2):
 

8t+l 
 ___*A_Ht - l+gh va*A with a* - Pa and c*  e + sa . (5.8)
 

The rate of growth in human capital is larger when natural resources are
 

more important in the production of consumption goods (s is bigger) because
 

the decline in fertility when s increases lowers the degree of altruism-time
 

preference.
 

The steady state rate of growth in per capita consumption is now
 

log (l+gc) - P log (l+gh) - s log (l+gN), (5.9)
 

where gN is the steady state rate of population growth. Greater importance
 

of natural resources in the production of consumer goods directly lowers gc
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when gN > 0. But an increase in s indirectly raises gc by lowering gN and 

raising gh; 
the net effect of s on gc is ambiguous when population is
 

growing. However, if population is declining, gN < 0, then both the direct
 

-and indirect effects of an increase in s lead to greater growth in per
 

capita consumption.
 

If k is augmentable physical capital -- say accumulated consumer
 

goods --
the first order condition for optimal capital accumulation is
 

-C t ak 
 (5.10)
t+l
 

The first order condition for n changes to
 

uL[(v+ht)wt+f+kt+I ] - (l-c)anVt Vt+1 (5.11)
 

the cost of an additional child is greater when kt+lis larger (but so are
 

the benefits). By substituting (5.10) into (5.11) and rewriting, we get
 

u'[(v+ht)wt+f] - (l-c*)antVt+l (5.12)
 

with - c*e +sa, and sa - (d log Vt)/(d log kt) with steady state growth. 

Then dividing (5.12) by equation (5.2) and simplifying, we get equation
 

(5.8) once again.
 

The rate of growth in H is greater when physical capital is more
 

important in the production of consumption goods. This is mainly because an
 

increase in s raises the cost of children and reduces fertility, which
 

lowers the degree of altruism-time preference. It is rather surprising that
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the steady state rate of growth in H is the same whether k refers to fixed
 

natural resources or to physical capital chosen optimally to maximize
 

utility.
 

Equations (5.2) and (5.11) imply that the marginal rate of return
 

on physical capital equals the rate of return on human capital. With the
 

rate of return on H being corstant in the steady state, the rate of return
 

on k must also be constant. The latter is given by
 

1
1 + r - - - s 6Hk (5.13)
k ak t t t 

Therefore, a constant rk requires that
 

Plog(l+gh ) 
 (.4

log (l+gk) - 1-s (5.14)
 

H and k grow at the same rate in the steady state only if output has
 

constant returns to scale in H and k (P-l-s). The optimal ratio of k to H
 

would then be determined from rk - rh, the fixed rate of return on human
 

capital. If returns to scale increase in H and k (P>l-s), k would grow
 

faster than H, and conversely if returns decrease in H and k. Regardless of
 

the relation between P and s, per capita consumption and output grow at the
 

same rate as per capita physical capital since from (5.14):
 

log (gQ) - P log (l+gh) + s Jg (l+gk) - log (l+gk).
 

The responses of human capital and consumption growth rates to
 

technological advance, fixed resources, or accumulated capital are driven by
 

interactions with population growth. Technoiogical advance has an ambigu6us
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effect on human capital accumulation since it increases fertility as well as
 

the return to investing in human capital. Increased importance of fixed
 

resources will stimulate investment in human capital, and perhaps also the
 

growth rate of consumption, partly because it reduces fertility by raising
 

the cost of having an additional child. Optimally accumulated physical
 

capital also affects the growth rates of human capital and consumption by
 

changing fertility.
 

By changing the relative productivities of labor (H) and human
 

capital (H) in the production of consumption goods and human capital (though
 

unskilled b and d), 
and by changing the productivity of investments in human
 

capital (A)), fixed resources, technical change, and accumulated physical
 

capital also affect whether a country achieves perpetual growth or remains
 

underdeveloped. 
To keep matters simple, we only consider the effects of
 

exogenous technology differences and fixed endowments of resources, and we
 

ignore the population effects that drove the earlier results in this section
 

by assuming exogenous fertility (n-l).
 

If greater technological progress or natural resources raised d,
 

the productivity of unskilled labor in the consumption sector, the rate of
 

return on investments in human capital would decline and the development
 

steady state would require a larger stock of human capital (see equations
 

(4.5)-(4.6)). 
 The economy is then less able to sustain investments in human
 

capital, and it is 
more likely to converge to the underdevelopment steady
 

state. By contrast, if technological progress or natural resources
 

increased A, the productivity of time and other inputs in the investment
 

sector, then the prospects for growth increase. An increase in A not only
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lowers the development-steady-state human capital stock, but also raises the
 

steady state growth rate (see equations (2.19) and (4.6)).
 

These exawples illustrate that improvements in technology or
 

_reater endowments of natural resources have very different effects on
 

growth depending on how they affect the productivity of the human capital
 

sector, and the productivities of human capital and unskilled labor in the
 

consumption and investment sectors. 
Much of this analysis carries over to
 

the effects of optimally accumulated physical capital, which we take up
 

next. We consider the dynamic paths followed by human capital and by
 

physical capital that is accumulated consumption goods. To simplify the
 

dynamics, we continue to assume that fertility is constant and given; 
we
 

expect to include endogenous fertility in subsequent work.
 

The dynamics of a system with endogenous human and physical
 

capital are functions of the state variables k and H. The isoclines k - 0 

and H - 0 are of particular interest since they determine the steady states.
 

The isocline k - 0 in Figure 5 has a positive slope because an increase in k
 

lowers and an increase in H raises the rate of return on k. 
Net investment
 

in k is negative when k is large (at all points above k 0), and net
-


investment is positive when k is small 
(at all points below k - 0).
 

The sign of the slope of A - 0 is less readily apparent, but for 

present purposes it does not greatly matter whether its slope is positive or 

negative. The important point is that the higher returns to large H implies 

that investment in H is positive at all points to the right of H - 0, and 

investment is negative to the left of A - 0. 

Two steady states are shown in this figure: an underdevelopment
 

steady state at U where H - 0 and k > 0, and a development steady state at D
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where both H and k > 0. The economy might converge to a perpetual growth
 

steady state, where the ratio of k to H given by the slope of the line Og.
 

We assume that P - l-s, 
so that k and H grow at the same rate in the growth
 

steady state (see equation (5.14)).
 

The stable manifold for the steady state at D is given by MM. All
 

points to the left of MM converge over time to U (see points a and b), while
 

all points to the right of MM converge to the growth path along Og (see
 

point c). The steady state at D is unstable because of increasing returns
 

to H: H > 0 for all points to the right of A - 0, and H < 0 for all points
 

to the left. The stable manifold MM acts like the development steady state
 

stock of human capital (Hd) in the one dimensional problem without k since
 

MM is the dividing line between growth and convergence to underdevelopment.
 

Increasing returns to H implies that the ratio of H to k increases
 

as the economy moves to perpetual growth from D since the rate of return to
 

physical capital must rise to match the higher rate of return on human
 

capital. If the economy starts off near D, H would grow faster than k to
 

raise H/k to the level given by the slope of Og. Human capital in the
 

United States apparently did grow faster than physical capital since the
 

turn of the century (Schultz [1960]), and human capital now accounts for a
 

large fraction of all U. S. capital (see the estimates in Jorgenson and
 

Fraumeni [1987]).
 

The slope of the H - 0 isocline is determined by the strength of 

conflicting effects of k on investments in H. On the one hand, a decline in 

kt increases k, which lowers the incentive to invest in H by raising ct+ 

relative to ct (i.e., increasing the interest rate). On the other hand, the
 

I 
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increase in k also encourages investment in H by lowering the cost of
 

investment (wt) relative to returns (act+i/8Ht+l).
 

If u - log c (a-O), and if the production function for c is Cobb

-Douglas (see equation (5.1), the effect of a change in kt on u'+i/u exactly 

-offsets the effect on the rate of return. In this case, a change in k does 

not change the rate of investment in human capital if H grows at a constant
 

rate along the steady state growth path (including A-0).5 The isocline for
 

H would be vertical, as is A* - 0 in Figure 5. If either the elasticity of
 

substitution in production of c is less than unity or the elasticity of
 

substitution in consumption exceeds unity (a-O), then a fall in k actually
 

stimulates investment in H, and the isocline for H is positively sloped.
 

The effect on ut+i/u t is then less than the effect on the rate of return.
 

Similarly, H - 0 is negatively sloped if the elasticity in production
 

exceeds unity or the elasticity in consumption is below unity.
 

When the A - 0 isocline is positively sloped, the stable manifold
 

will also be positively sloped, so that economies with higher initial
 

amounts of physical capital require higher initial amounts of human capital
 

in order to take off toward the perpetual growth steady state. Note that an
 

economy that starts with given levels of physical and human capital
 

eventually will be overtaken in both consumption and human capital by
 

economies that start with the same or even a slightly lower level of human
 

capital, but with much less initial physical capital. The reason is that
 

lower levels of physical capital stimulate investments in human capital when
 

S- 0 is positively sloped. 

The sign of the slope of the H - 0 isocline also has significant 

effects on the response of human capital investments to wars and other
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shocks that destroy capital. Recovery from wars and other disasters has
 

often been remarkably rapid (see the excellent discussion by Hikshleifer
 

[1987]). John Stuart Mill remarked on ". 
 . what has so often.excited 

-wonder, the great rapidity with which countries recover from a state of 

-devastation, the disappearance in a short time, of all traces of the
 

mischiefs done by earthquakes, floods, hurricanes, and the ravages of war."
 

([1848], page 74). Mill argues that recovery is rapid when the most of the
 

population and knowledge remain intact. He alleges that the physical
 

capital destroyed is restored quickly because it would be replaced in a
 

short time even under normal circumstances.
 

Consider a war that destroys much of a durable physical capital
 

stock that would not have been replaced quickly. Rates of return and
 

investments in this capital increase. If investments in human capital do
 

not change when physical capital is destroyed (H - 0 is vertical), the
 

country will recover over time to the income it would have had were physical
 

capital not destroyed. The faster growth in income would narrow the gap
 

with the incomes of similar countries that were not involved in the war.
 

This essentially is the implication of the neoclassical growth model with
 

exogenous technological change. According to this model, the incomes of
 

countries devastated by war converge toward the incomes of countries that
 

avoided devastation (see, e.g., Baumol [1986]).
 

Although our model has endogenous investments in human capital, it
 

has the same implication as the neoclassical model if the elasticities of
 

substitution in both consumption and production are unity. However, the
 

destruction of physical capital stimulates greater investment in human
 

capital in our model if the elasticity of substitution in production between
 

1Az
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human capital and physical capital is less than unity, or the elasticity of
 

substitution in consnnption over time exceeds unity. Then a country does
 

'not eventually merely recover from a war to what it would have had in the
 

absence of the war; incomes eventually surpass what they would have been!
 

Wartime destruction still lowers the present value of utility, but in this
 

case it raises future utilities. Higher investments in human capital and
 

knowledge induced by the enormous destruction during World War II may help
 

explain the economic booms in Japan, Germany, and the Soviet Union during
 

the 1950's and 1960's.
 

Therefore, in our model, the long-run decline in income due to a
 

fall in physical capital is much smaller than the short-run decline -

income may even rise in the long-run. The consequences of a fall in human
 

capital are very different, for the long-run income decline exceeds the
 

short-run decline, possibly by a huge amount. If the rate of investment in
 

human capital were independent of the stock of physical capital, human
 

capital would continue to grow at its steady state rate after a fall in
 

human capital that kept it near the steady state. However, a fall in human
 

capital reduces the rate of growth of physical capital until the ratio of
 

physical capital to human capital is restored to its steady state value.
 

The ultimate decline in income clearly now exceeds the initial decline
 

because the fall in human capital induces a decline in physical capital as
 

well.
 

The long-run decline in income is much bigger if human capital
 

falls below the isocline A - O(say below A* in Figure 5). The economy then
 

does not return to its steady state growth path, but instead it plunges
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toward the underdevelopment equilibrium, where H - 0 and per capita income
 

is low.
 

Our discussion of the effects of a fall in human capital explains
 

-Rill's proviso that recovery from wartime damage is rapid only if the
 

population is left "with the same skill and knowledge which they had before
 

. ... " [1848, page 75]. One way to reduce knowledge is to kill much of the 

adult population that passes knowledge on to the next generation. Some 

cities and regions never recovered from major disasters that destroyed much 

of their populations (see Hirshleifer [1987, page 78]). 

The seemingly perverse effects of wars and other disasters on 

growth rates and income levels illustrate the importance of making growth 

endogenous. Even though our steady states are similar to the steady states 

in exogenous growth models with labor augmenting technical progress that 

cause output, wages and physical capital to grow at the same rate, 

endogenous growth models allow one to analyze how growth rates respond to
 

exogenous forces. Investments in human capital in our model respond to
 

changes in wages and interest rates. Therefore, long run output and
 

consumption are affected (among other things) by transitory changes in
 

policies and shocks to physical capital. We have not presented systematic
 

empirical evidence that supports the predictions of our model concerning the
 

response of growth rates and income levels to changes in the environment.
 

However, we have presented a few historical and other examples that appear
 

consistent with our approach to endogenous growth.
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Appendix: Simulations 

All the simulations in this appendix are f,r the full model from section 4 with both 
endogenous fertility and different values on raw labor in the consumption and investment 
sectors. The base line simulation sets 

a - utility function curvature paramter - .45 

= altruism curvature parameter = .25 

a = rate of altruism time preference = .3 

v = fixed time cost of children = .25 

A = investment productivity = 5 

b = relative value on raw labor in the investment sector = .5 

d = relative value on raw labor in the consumption sector = 1 

7: = units of raw labor per person = I 

f = fixed goods cost of children = 0 . 

The remaining simulations begin with the baseline parameters and change one of the 
parameters to examine the effects on the optimal investment and fertility policies. 
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FOOTNOTES
 

llf f - 0, an underdevelopment steady state exists if
 

u'(cp) > a(np)AV'
 

where n and c solve
 
p p
 

u'(cp)vH - (1-E)a(np)Vp
 

By dividing one equation by the other and using a H/Vp, we get
- VI 

p /p
 

l-C
 
vA <
 a 

2The arbitrage condition at a point H' is
 

C u'(c t+)

an' A(l-vn+l u (c')
 

If H' > Hd is sufficiently close to H n' 
 nd and c' - cd. The left hand 
d ' nad' ct+ 1 

side equals 1 when nt+1 - - c'n' nd and cr41 - cd. If ct+l > c' when Hd
 

is unstable and Ht+l > H', 
then the left hand side equals 1 only if
 

nt+1 < n' 
-n d '
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4The utility function in the tth period is
 

-C a a -C 26 i o-s
aNt ct - a tN -0OtHnt 


6 aH#aKsa- aN-C*.2
t t t 0 

5Letting a be the discount factor, wt the wage in period t and ct
 

the corresponding level of consumption the first order conditions for human
 

capital with log utility is simply
 

wt 
 Aa Wt+l
 
ct+l
ct 


and the first order condition for physical capital is simply
 

1 Rt+l
 
ct 
 ct+l
 

where Rt+ I is the marginal product of capital in period t+l.
 

Rewriting these equations as
 

__t__ tHt' - wt+lHt+1L-tc--U
" Ct+z
 

and
 

Kt+l kt+Rt+l
 
-a
t c t+l
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shows that if human capital grows at the fixed rate An, the first equation
 

will be satisfied since labor's share is fixed with'Cobb-Douglas. If the
 

savings rate is constant, the second equation will be satisfied since capi

tal's share is also fixed.
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The central theme of the Becker-Murphy paper (1988) is that 

the growth rate of human capital investment per young person is the key 

determinent of growth in output per capita. The findings of Solow (1957) is 

that increases in tangible capital per person can only account for about a 

third of the growth in output per capita. If the other two-thirds can be 

accounted for by growth in the human capital input per worker, one need 

not rely on exogenous technological change. 

A feature of tangible capital is that we can measure the quanti

ties of various capital goods and aggregate using some set of market prices 

to obtain an aggregate stock of capital. This endeavor is not without its 

conceptual problems. Given the changing nature of capital goods, measur

ing the existing stock of say computers is difficult. And, of course, there is 

the famous Cambridge capital controversy of the six ,.es concerning aggre

gatio. problems. But, forming these aggregate input series along with 

aggregate output services was a success. They revealed the growth facts, 

which gave rise to the neoclassical growth model-a corner stone of modern 

public finance. 

The position of Becker and Murphy is that changes in the quality 

of the hurnin capital input can plausibly account for most of the growth in 

output not accounted for by growth in the tangible capital input. In other 

words the more or less steady growth in output per hour is the result of 

rough'y proportional increases in both tangible capital and the quality 

adjusted labor input. In these remarks I will question whether there would 

be sustained growth absent exogenous technology change. In particular I 

shall argue that even if the human capital did increase as hypothesized it 

does not imply that exogenous technological change is not crucial for 

economic growth. 
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It is important to recognize that exogenous means exogenous 'to 

the profit center whether the center be the legal entity called a corpora

tion or an individual or a family. There is considerable evidence that 

exogenous factors are an important determinent of the return on invest

ment in human capital. Today the books in a public library contain infor

mation which can enhance an individual's productivity in market production 

and which was not in books at the turn of this century. This suggest the 

absolute returns to allocating time to acquiring knowledge is greater today 

because the stock of knowledge is larger-that is there has been exogenous 

technological change. 

Becker and Murphy point out that a key input to education is 

teachers and that the quality of the teachers has surely increased over 

time. Chari and Hopenhayn (1988) have a growth model with vintage 

human capital and with experienced people training the inexperienced 

people in the use of various vintage technologies. In their framework, the 

arrival of new technologies is exogenous in the strong sense of being inde

pendent of the decisions of the economic agents. In equilibri-m all of a 

given generation realize the same lifetime utility though they make differ-

Ent decisions as to which technology specific human capital to acquire. 

The data generated by their economy would be pretty much identical to 

that generated by the Becker-Murphy economy. Both would display sus

tained asymptotic growth. 11 one did Solow growth accounting with human 

capital measured the way labor economists say it should be, for both econ

omies there would be no measured technological change. 

The two economies have very different policy implications. In 

the Becker-Murphy world if society subsidizes the accumulation of human 

capital or simply compels families to send their children to school for more 
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years then they would otherwise choose, growth on average would be more 

rapid. In the Chari-Hopenhayn economy it would not be. Is there any 

careful empirical investigation that documents that average growth rates 

over extended periods are higher for countries whose young receive more 

years of schooling? I know of none. 

I am a strong supporter of formal education and think a liberal 

education has public value. A knowledgable citizerry is needed for the 

effective working of a democracy society. Only if the people understand 

something about the operations of alternative arrangements and institu

tions will good ones be selected. I suspect good arrangements in this sense 

will result in an economy characterized by rapid growth. 

When countries separate themselves from the rest of the world 

their growth slows. Recent examples of this include Franco's Spain prior to 

that countries policy shift in the fifties. Other examples include Albania 

and Burma n the postwar period and Japan in earlier eras. These observa

tions suggest that there are factors affecting growth which are even exo

genous to the national state. Becker and Murphy model assumes all exter

nal effects can be internalized within the family. 

Some further evidence for external effect is that virtually all 

factors of production have smaller rental prices in India then they do in the 

United States. This includes the ones that are relatively scarce in India. If 

a random worker in India were selected, taught English and moved to the 

United States, except in very special cases the worker's wage soon would be 

higher than it was in India. This coes not match well with competitive 

theory with no external effects. Of course a given factor though scarce 

can have a lower competitive wage if there is a sufficient amount of com

plimentarity and the complimentary factors are scarce as well. But, if 
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there are many goods and each does not have a close substitute the price 

taking assumption is suspect. As shown by Chari and Jones (1988), intro

ducing property rights appropriately can eliminate external effects, but 

then market arrangements fail because of monopoly power rather than 

unpriced external effects. This, I think, is a problem for the Becker-

Murphy theory, which has neither monopoly power nor external effects. 

The Solow neoclassical growth model has proven useful in 

organizing and interpreting aggregate data that Kuznets and others col

lected. Solov's neoclassical growth model accounted for the growth 

facts. Cass endogenized the savings decision by introducing an infinitely 

lived family. But where does the family utility function come from? One 

approach is the overlapping generation with each generation having prefer

ences on its own consumption only. Another is that of Barro (1974) who 

assumes agents care about their own consumption and the utility of their 

offspring. Insofar as this is an empirically valid abstract, it nice-ly ratio

nalize the infinitely lived family construct. Barro and Becker (198F) go one 

step furthe; They endogenized the number of kids. 

One weakness of the Barro-Becker approach is that family 

formation is not considered. A feature of this paradigm that does not 

match observations is that human reproduction is not a sexual. The typical 

pattern is that a male and female from different coalitions form a new 

children production coalition. This feature, I think, is important for devel

oping a theory of household chcice of number of chilcdren and the allocation 

decision made within the dynamic coalition. Developing a theory of the 

household seems every bit as challenging as developing a theory of the firm 

which like a family is an ongoing organization. 



Is it any more appropriate to hypothe!size a utility function for a 

family then for a firm or a labor union or a government or for that matter 

any orbanizmtion? I think not. The general equilibrium approach is to 

hypothesize preferences orderings for individuals that are defined over 

their consumption stream, and if there are consumption externalities, those 

of other agents as well. This defines preferences over allocations. Follow

ing Arrow (1%9) the commodity point can be expanded in such a way that 

there are no externalities. When people care about the consumption of 

their clones, that of the clones of their clones, etc., the reasonableness of 

the price taking assumption is suspect and some allocation mechanism 

other than the competitive must be assumed. One cannot define a dynamic 

coalitions utility function if one adopts the general equilibrium paradigm 

without some auxiliary assumptions concerning the mechanisms being 

used. And then, the function is a value function-not a utility function. 

Implicit in the Barro-Becker framework the mechanism used are ones with 

the property 'that each clone chooses from some choice set and the equilib

rium is a Markovian perfect Nash equilibrium of the dynamic game. 

In their paper Barro and Becker present one underlying set of 

preferences for which each clones value function depends only of their own 

consumption and upon the utility of their immediate clones. What empiri

cal evidence is their for this underlying preference orderings? As Becker 

and Murphy point out there are sometimes conflicts between generations 

and parents constrain human capital investment decisions of their chil

dren. This is inconsistent with the assurned structure. 

There are other preference orderings, which given the class of 

mechanisms considered, yield observationally equivalent behavior but which 

have very different welfare implications. Suppose children care about the 
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consumption of their parents and grandparents. Or suppose that agents 

have the Phelps-Pollak (1968) type utility. How does one econametrically 

distinguish between the alternative structures? For one, outcomes are 

efficient in a sense and for the other they are not. 

To summarize, the Beckei-Murphy paper is rich in ideas. A 

weaknfss of the theory is that it is too flexible and not sufficiently re

stricted by measurement. Theories too divorced from measurement often 

turn out to be sterile. I would have trouble using the struct-,re Becker-

Murphy i;i an applied general equilibrium analysis of alternative policies 

designed to foster growth. 
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Comments on Becker and Murphy 
-- by Henry Wan, Jr. 

Overview 
I was summoned via satellite, from de hart van Noord Brqban4 with the Becker-
Murphy paper waiting at state-side. With no tirre to learn how the first
discussant will stage an act..hard-to-follow, I have to minimize my comparative
disadvantage. In any case, stepping into the shoes of a development expert from
the Yale Growth Center, Tnow act as an ersatz develupment economist and an
observer of the (east) Asian Drama. 

This paper of Becker and Murphy is timely, ambitious, and technically
marvelous: timely, since growth and development are presently the preoccupations of Gorbachev, Gandhi, Mitterrand, etc.; ambitious, because both
fertility and economic growth are controversy-prone topics; technically
marvelous, because so much theory has been compressed into so compact a
nutshell. To illustrate how complex are the matters, note that demographictransition is viewed as an issue defying simplification by demography authorities 
[see Anslev Coale (1987)], and whether factors like Confucian ethos are crucial
for development remains an unsettled issue [For example, Morishima (1982),
Wan (1988)]. 

Overall, I consider this paper as highly successful, offering an approach
ready to be applied and adapted. For illustration, I suggest two instances where 
such adaptation may yield intereting results. 

A real-life example
First, this paper focuses on the long run, by then -- as Keynes noted -- we are all
dead. As I am eager to sort matters out slightly earlier than that, I shall try my
own hands to experiment with a 'short run Becker-Murphy analysis' before the 
authors. 

This paper rightly concludes that, by and large, the Malthusian view of
positive association between income and fertility is falsified by data. Yet this con
ventional wisdom of a negative association seems to be belied by exceptions like
the comparison between Kuwait and Sri Lanka, below. I believe, however, this
model by Becker and Murphy provides the clue to explain such paradoxes.
Although I do not have the time for details, I shall include below a partially
worked out schema to resolve the paradox. 



Paradox and Resolution
 

Paradox Kuwait Sri Lanka 
GNP per capital (1985) $14,460 $ 360 
TFR 6.2 (1980-5) 2.8 (1986) 

Resolution (a la Becker Murphy) Kuwait Sri Lanka 
opportunity cost of the time for low high 

child care (u')(c/eh) 
physical capital (k) rich poor
human capital (H) negligible considerable 
Proxy for the scarcity of H: 
% of no-schooling for age 25+ 44.4% (1985) 15.5 (1981) 

I have noted above that the authors are successful in packing much of their
decades' insight into a model depictable in a two dimensional diagram. Still it
leaves out such topics like the Beckerian analysis of marriage or envy, the
contributions of other human capital school, like the tournament analysis by
Lazear and Rosen (1981), or such studies of technology diffusion [for a survey, 
one may consult Lutter (1986)]. 

Some suggested adaptations 

As my second illustration for the adaptation of the Becker-Murphy study, I slall
consider the rapid growth in East Asia (namely, Japan and the four Asian NICs).
The contrast of such performances with the modest record of some other LDCs is
partly responsible to the rise of the new growth theory, as spearheaded by Lucas
(1988). Moreover, human resource is almost the only thing these economies have 
to offer, at the outset of their industrialization. Their records form the natural
benchmark to measure against for any human capital theory of development and
growth. The analysis of such growth episodes seems to call for the inclusion of
several new elements into of the Becker-Murphy approach. 

Specifically, the two aspects requiring adaptation concern both thedisaggregation of the labor supply and the interaction among the national 
economies, as tabulated below. 

Labor force Different Ecornonmies
Becker-Murphy Theme Homogeneous Independent Growth 
Suggested Variation Heterogeneous Interdependent Growth 
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Such an adaptation helps to determine the replicability of the East-Asian
development. The East Asian Five differ in size (e.g., Japan: 120 million;
Singapore: 2.5 million), government form (e.g., Hongkong: laissez faire,
Singapore: authoritarian), and ethnicity, yet their development processes share 
the following six stylized facts -

(1) Export-led Development
The city states of Singapore and Hongkong trade very heavily. The Taiwanese
ratio of export (or import) to GDP is comparable to those of the Benelux, which 
are among !he highest in the world. Even Korea and Japan rely much
heavily 

more 
on foreign markets than other economies of similar population size, like

The Philippines and Indonesia, respectively. 

(2) Manufacture-based Export

Apparently, inputs in manufacturing industries (say, radio production and T. V,

production) are less industry-specific than resource-based industries (say,

extracting oil and harvesting oil palm): an advantage for economies undergoing

structural change.
 

(3) Female-staffed Manufacture
 
In East Asia, the foot-loose industries which powered the initial export drive, like

textile, apparels and electronics, happen to employ a large proportion of female
 
workers. At the dawn of industrialization, many Taiwanese female workers

would work for their dowry before their marriage. Some would continue to live

with parents, incurrin- rather negligible opportunity cost. They often receive
 
wages lower than the unskilled (e.g., housemaid, or assistant bricklayers), due to
substantial compensating wage differentials (higher status, and hence more 
eligibility for better marriages).

Such community-assisted input market distortions would guarantee both a
high labor force participation for females, and a high rate of growth for such 
export industries. As it turned out, by backward linkage, such export industries
contribute to the )verall industrialization of these Asian NICs. This high rate of
female participation in the labor market presumably also has effects on the
lowering of the birth rates. See Wan (1978) for the following data. 

a. Importance in major export sectors, !973 

Textile/apparel/leather 70 %
 
Communication Equipment 72 %
 
Electric generators 63 %
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b. Monthly wage comparison (in U. S. $)': 

Assembly workers (A) Unskilled workers (U) A/U
India 120 16 1 7.5 
Taiwan 259 45 .55 

Among the four categories, most Taiwanese assemblers are female. For
comparison, it is reported that working in factories away from home may reduce
the marriageability of teenage females in Bangla Desh (New York Times, April
17, 1988). 

(4) Universally-educated Female Labor
The archetype is the system introduced to Meiji Japan by the Imperial Rescript onEducation in 1890. It was imposed on Korea after the Annexation (by Japan),
1910, and emulated in various Chinese societies. This system imparts in the
students a disciplined behavior and a functional literacy. 

(5) Constantly-upgraded Structure 
This is evidenced by profound and continuous changes in the export-mix, the
output-mix and the employment-mix, in all the five East Asian economies we
mentioned. See Lau (1986) for detailed evidence. 

(6) Growth-by-Technology Diffusion
 
This follows the parabolicformula:
 

Rate of Imitation = (Scope for ImitationXCapacity for Imitation), 

where the scope represents the technology gap, and the capacity measures the 
current technical capability [see Lutter (1986)]. For East Asia, rapid growth
apparently is driven by imitation. Specifically, when Japan begins to catch up
with the West about 1970, her growth rate fell to about 5%: half of what it used 
to be (10% per annum), while the Asian NICs -- no more capable than the
Japanese, by all counts -- continue to grow at the peak rate which Japan has ever
achieved, even now. This is important since in most cross-country comparisons,
causal explanations are sought after while different national economies (say,Korea and the U. S.) are treated as if they were developing in isolation, with norecognition given to the effect of international technology diffusion. 

Henry Wan, Jr.: Manpower, industrialization and export-led growth in Y. Wu and K. Yeh eds., Growth,Distribution, and Social Change: Essays on the economy of the Republic of China, Occasional Paper Series inComparative Asian Studies, #3 -- 1978, no. 15, School of Law: University of Maryland. 
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A tentative theory
We believe that the above six facts are interrelated. They are conditioned by
public policy and they have both theoretic and policy-relevant implications. This 
is summarized below. 

Policy 

Preconditions Consequences 
Internal Educational Stylized Facts

LInfrastructure (4) -( 3 )- FLertilit 

Ete Outwardiooking 1 
Externa regime ()Hi2), 

High 

Competitive ______ 

Labor Market (5) ,Growth 
Institutional Uberal Invest- (6) -0 

ment Policy 

Specifically, the policy of universal, compulsory education provides the female,
semi-skilled labor force which fueled the East Asian type of export-led
industrialization. The policy regimes permitting profitable exports (a realistic
exchange rate, the absence of highly-subsidized im-port substitution sectors which
would compete inputs away from the export sectors) tend to boost manufacturing
exports for resource-poor economies in East Asia. In turn, a competitive
domestic labor market, together with a willingness to phase out sunset industries
offers the opportunity to continuously up-grade the value added margin within
the manufacturing sector. Specialization in manufacturing helps, since by and
large, the step from assembling radio to the production of personal computers 
seems to be shorter than from tending oil palms to tending oil rigs. Low
adjustment cost forms the basis of the mechanism of manufacturingup [see Lau
(1986)]. Again, in catering to foreign demands, it is advantageous for a newly
industrializing economy to introduce foreign technology, as facilitated by a
liberal policy for foreign direct investment and joint venture. 

Together, these policies and those stylized facts which they produce lead to
both low fertility and high growth. The Becker-Murphy model may be adapted todisaggregate the labor force both by gender and by skill grade, as well as to
redefine the effect of human capital formation by recognizing that the parabolic
nature of productivity gain (as reflected by the diffusion effect in stylized fact (6) 
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above). Such adaptations are certainly feasible for econometric simulation if not 
also tractable for qualitative analysis. 

There are several implications along this line of reasoning. We shall 
introduce the following two for illustration: 

I. Theoretical -- low fertility and high growth are both the con
sequences of high female labor participation; neither one need be the 
direct cause of the other. 

It. Policy -- If foreign market is crucial for the East-Asian type of 
development and foreign technology is initially needed for such 
market entry, then for the sake of national advantage, conceivably
the main thrust of education effort for development should be first
directed to a broad-based education and not a narrowly-focused 
program of training an elite corps for domestic R. and D. The
horror tales of an excess supply of over-qualified personnel in South
Asia have been repeatedly discussed by Indian economists'. 

Remarks on human capital
The above discussions also lead to the following two observations about the
notion of human capital. A digression is warranted since this concept is both the
centerpiece of the Becker-Murphy approach and the chief ingredient which can
make the new growth theory new. We focus here on the education component,
which is crucial for East Asia during the emulative phase, rather than the R. and
D. component which has already been addressed by Romer (1986).
(1) The formation of human capital yields pecuniary Pigovian externality. For 
example, real estates gain in value when foreign investment is attracted to the 
country, by the improvement in labor productivity. At the same time, when jobs
are allocated through competitive examinations, education is encouraged society
wide by a process akin to the tournament model. Whether this implies over or 
under-accumulation of human capital is not obvious.
 
(2)In Japan, competition for the best job leads tc the competition 
 for the best 
college, and the competition for attending the best college leads all the way to
competition among pre-schoolers for attending the best kindergarten [Morishima
(1982)]. Such force-fed education often favors memorization over initiative. It 
may serve a society in transition, like Meiji Japan, but not the autarkic empires of
ancient Sung China, or Ming China. It remains to be seen how efficacious is such 

IThe overqualification phenomenon is consistent with long run labor market equilibrium. For example, in Wan
(1987) information asymmetry causes relative wage rigidity and job discrirmination in a persistent equilibrium.
Adding to thi' a Harris-rodaro rationing feature then agents would continue to elect for education, knowing fullywell that in equilibrium, part of the educated is destined to be overqualified for the unskilled job they must take. Thecost of education will be balanced by the expected incremental utility of having an education. 
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education for Japan (and the Asian NICs) as technology borrowing comes to itshistoric end. 'Tus, the value of a particular type of human capital may dependupon the stage of development of an economy. Moreover, human capital is just asheterogeneous as physical capital, a fact underlying much controversy for the old
growth tiheory. 

A concluding note 
To set the matters in perspective, I would like to invoke the teachings of MiltonFriedman (1953), where a theory is judged successful, not t-y its descriptiveaccuracy, but by its analytical relev, z. Although various adaptaion may beneeded to apply the Becker-Murphy theory to various occasions, the basic
contribution is fruitful, beyond any doubt.

I would further take a leaf from the last page of The Growth Theory bymy teacher, Solow (1970), where he proposed a dualistic approach: thecoexistence of simp!e models to yield "usable insights" and "usable large-scaleeconometric models ... the basis of ...on insights from simple models". TheBecker-Murphy model clearly fits well the first category.

Significantly, 
 Rene Thom (1975) also favored a sequence of models forvarious arplications rather than a single model for all occasions. 
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Addendum 

Circumstances prevented me from offering more complete comments at 
the conference than what appear above. With the :-evised paper on hand, I 
believe these comments remain relevant. In particular, there is much to be 
done to analyze the present, which is often regarded as short-run, and 
transient, thus left out of sight. Further, the performance of individual 
economies is sometimes inseparable from the interactions among them: the 
unprecedented growth of the Asian NICs after- 1950 becomes possible only 
by tapping into the reservoir of American and European technology 
steadily cumulated over the last 100 years. 

I do have several points to add, four methodological and the other more 
substantive in nature. 

First, the Becker and Murphy paper is likely to be regarded one of the 
high point of the recent growth theory. The difference between the latter 
literature and the neoclassic growth theory is one of emphasis, and not 
analytic artillery, nor concepiual framework. The last (conceptual) point
will be commented slightly later. We note that right in its very beginning, 
the neoclassic growth theory has considered various analytical features, 
from the unbounded paths to the steady states of both the stable and 
unstable types. Inlertemporal optimization, two-state phase diagrams and 
overlapping generations were all studied within the next dozen years. Of 
the analytic features unexplored then, I can only cite the neutrally stable 
steady states of Lucas (1998). -- an attractive feature which may not 
survive structural perturbations -- and the strangc attractors, v ith 
unprover. aplicability to growth and development. 

The recent growth theory (like this paper) is designed to explain 
differential performances among various economies, by means of human 
capital. The importance of such a focus is well illustrated by the meteor
like rise of the Japanese economy, an economy without any significant 
resource base. The Japanese 'miracle' is not only the most significant 
single factor which has transformed the post-WWII world economy, but 
also the catalyst changing the developing course of the Asian NICs, and 
leading to the reappraisal of the private sector economy throughout the 
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less developed two-thirds of the human species. The key factor for the 
Japanese growth is doubtlessly the formation of human capital, the focus 
of the recent growth theory. The analysis of household decisions on 
fertility and education in this paper draws upon the insights accumulated 
by the authors over their decades of research. 
Second, most economists would agree that both physical capital and human 
capital are important, they may also agree that different forms of human 
capital are accumulated by different means. Thus, education is obtained by
schooling, experience can be secured by the processes cf learning-by
doing, or learning-by-others-doing (imitation), and innovative knowledge 
is attained often by organized R. and D. Reasonable economists will agree
further that all such forms of human capital as well as physical capital 
matter, if one is to explain the differential performance of various 
contemporary economies, and that tractable economic models should 
contain no more than two of these elements. The Becker-Murphy paper as 
well as the Romer studies [op. cit. and the one given in this same 
conference] are eminently successful tour-de-forces to capture two of 
these elements at one fell swoop. Thus, Becker and Murphy have focused 
upon both physical capital and education, while Romer considered R. and 
D. My previous comments suggest that the high growth of East Asian Five 
(Japan and the NICs) are due to learning-by-others-doing. Hence, some 
simple model should capture such an element, perhaps along the lines of 
Leonard Cheng. All these are 'partial' depictions offering qualitative 
insights and I suggested in my comments that a comprehensive quantitative 
simulation can further supplement our knowledge. 

in a sense, this seems to be what all one can hope to do. Aiter all, 
aggregative economic modeling is a challenging art, and as Andre Gide 
put it, art is created against a resistive medium. Inherently, aggregative 
modeling must be a compromise between analytic tractability and the 
goodness-of-fit for what is deemed essential. Conventional wisdom 
convinces much of us that tractability constrains us to use no more than 
two state variables and to limit the type of inter-acting individuals to three 
or less. One must be most selective in the choice of state (as well as 
control) variables and in characterizing the underlying functional 
relationships. Becker and Murphy (as well as the works of Lucas and 
Romer mentioned above), apparently have already made the most of a 



3
 

'global' analysis, pressing hard against the bounds of tractability. Unless 
one suggests a shift of focus, bringing in new features at the expense of the
old, riot much more can be done on any isolated topic. By and large, I
second this view (with a minor proviso below). 

On the other hand, to understand the development process as a whole,
perhaps one should take a three-pronged attack: (a) construct both a 
master model (with a high-dimension state space), itself intractable 
qualitatively, and an interlocking network of 'partial analysis' like the
Becker and Murphy model, each as a specialization of the 'master' model.
Each would treat no more than two or three of such variables as statevariables, and relegate the rest as parameters. After all, one navigates on 
the spherical Earth with a network of interlocking two-dimensional maps,
rather than an unwieldily large globe. (b) explore three-state analytic
models by imposing simplifying special structure. Whenever possible, this 
may be done just to assure ourselves that some unexpected but important
three-state interaction will not escape our notice. We live in three
dimensions. Three-state phase diagram is not always unmanageable [see
for example, Wan in Bhagwati et a] eds. Trade, Balance of Payments and
Growth North-Holland, Amsterdam, 1971]. (c) conduct quantitative
simulation as we have mentioned above. 

The recent growth theory has made an impressive beginning. What I
suggested above is that we already have the basis to launch a concerted
attack against the terra incognita.The profession may gain more than
 
having all efforts conducted as isolated projects.
 

Next, I would comment upon the conceptual underpinings of this paper.
Fertility at present cannot be understood without reference to several
factors such as (a) the lowering of the infant mortality, and the caring for
the very old, both inherently related to the risk-taking attitude and (b) the
changed decision process (including fertility decisions) inside the family,
in societies with high rates of divorce and remarriage: game-theoretic
elements are relevant here. At the present, overlapping generaiion models
under uncertainty has become the foundation of macro-monetary models.
Likewise, incomplete contract well as bargaining theory have madeas 
much progress in labor economics. It seems apropos to ask whether the 



4
 

studies of the household should be best/always patterned after the
deterministic decision models for the individual. My guess is again that
the Becker-Murphy paper has provided a much needed point of departure,
for expeditions into the less charted waters. Focusing steadyon state
analysis, the more conventional appioach in this paper has provided a
highly useful benchmark. It may be a different story, however, if we
aspire to develop policy guides closely supporting developing economies 
in transition. 

A further analytic observation is that Becker and Murphy have included
the effect of leaming-by-doing without an additional state variable. Itturns out that this is possible because that in their overlapping generations
model, the working phase of each individual is lumped into a single
period. If, along the pioneering version of Samuelson, there are two or 
more 'active' periods over the life of each individual, then the latter will
surely consider the advantage of producing more in an earlier period, for
experience. The more periods one subdivides the active life into, the 
more complex it would be without introducing a new state variable, 

The final point concerns the example of ancient China as compared against
Great Britain. This may illustrate an unstable intermediate steady state,
from which luck may bring the system to either sustained growth or
stagnation. However, in this particular case, not luck, but the opening to
external trade seems to have made much difference. Since innovation is
inherently lumpy, mayit cause unbalanced growth and income

redistribution which 
 strains the socio-political fiber. Even with their 
export-lcd prospurity (and iicnce the relative ease for labor realiucation),
the British industrialization has led to much suffering (e. g., during the
Enclosure Movement). Ancient China was essentially autarkic on a per
capital basis., major technical change might well create unacceptable
socio-political upheavals. Hence, both crafts and commerce, the twin
pillars supporting technological innovation, traditionally accordedwere 
less importance than agriculture. As it was, several Chinese empires fell 
prey to insurrections arisen from economic stresses, like crop failure. If
the above interpretation is true, this is one more instance where the
evolution of an individual economy is inseparable from the international 
environment. 
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Among the more striking regularities evident in aggregate cross-country
 

data, whether examined cress-sectionally nr over time, are the inverse
 

associations between fertility rates and per-capita incomes and such
 

indicators of human capital as schioling levels and survival rates. As a
 

general rule, high-income countries have been and are chEracterized by low
 

fertility and high levels of human capital; low income countries are
 

characterized by high fertility and low levels of human capital. 
And those
 

couptries that have experienced high rates of per capita income growth in
 

the last 25 years have also experienced relatively rapid declines in
 

fertility and increases in human capital levels.
 

There is little doubt that declines in fertility and increases in human
 

capital levels accompany economic development. Such aggregate associations,
 

however, by themselves do not reveal very much about the determinants of
 

economic growth, human capital investments or fertility. While progress has
 

been made in incorporating fertility, physical capital and/or human capital
 

investment in models of economic growth (Ben-Zion and Razin, 1975; 
Eckstein
 

and Wolpin, 1965, Becker and Murphy, 1988) that are capable of reproducing
 

the actual intertemporal movements in these variables, such models do not
 

appear to rule out many alternative intertemporal patterns. The success of
 

these models in "explaining" actual events thus does not constitute evidence
 

for or against the basic hypotheses embedded in them concerning, for
 

example, the determinants or consequences of agent's fertility decisions.
 

Moreover, the "stylized facts" of development are equally supportive of
 

hypotheses, including those arising from early-generation growth models
 

(Solow, 1956), that posit that reductions in fertility brough about
 

presumably by non-economic factors have caused economic growth, perhaps via
 

increased human capital investment, or that unmeasured forces influencing
 



economic growth also jointly influence fertility and human capital
 

accumulation.
 

Micro data, which more richly describe the individual agents making
 

fertility and human capital investment decisions and the environment in
 

which they take place, may appear to provide a superior basis for in'ferring
 

the causal mechanisms that form the core of models of economic growth and
 

that potentially underlie the observed aggregative associations between
 

economic development, fertility and human capital levels. However, cross

sectional data from within a country may contain little true variation in
 

variables that might plausibly be considered exogenous to agent's behavior.
 

For example, when agents are mobile, wages are influenced by human capital
 

investments, and such investments are made according to some 
(optimal)
 

decision rules, the cross-sectional association between wage rates, family
 

size and schooling would reveal little about the determinants of fertility
 

or of its effects on human capital investments, particularly when the major
 

source of cross-sectional heterogeneity is in preference orderings.
 

In this paper I review and present findings from empirical analyses
 

that have attempted to estimate both the determinants and consequences of
 

fertility and human capital investments based on the exploitation of
 

"natural" experiments in micro data that plausibly simulate the
 

theoretically-appropriate experiments designed to infer causal relations. In
 

section one, I discuss evidence pertaining to the issue of whether fertility
 

and human capital investments respond to economic development in ways
 

consistent with economic theory. In particular I consider how exogenous
 

changes in the rates of return to schooling which may arise from growth

inducing technical change jointly influence fertility and schooling
 

investment decisions. 
A simple model is formulated to demonstrate how
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information on the wage rates of children may be used to infer the effects
 

of changes in the returns to schooling and to test the hypotheses that
 

declines in fertility and increases in human capital in part result from
 

economic growth propellid by (exogenous) technical change. Cross-sectional
 

micro ev.dence from three countries on the fertility and schooling effects
 

of variation in child wage rates are presented and aggregate time-series
 

information describing the natural experiment provided by the
 

geographically-selective profitability of high-yielding grain varieties
 

introduced in India in the early 1960s are presented and used to assess the
 

model. The ability of the estimates based on the cross-sectional data to
 

account for the magnitudes of the actual intertemporal changes in fertility
 

and schoooling evidently induced by the "green revolution" is also assessed.
 

In the second part of the paper, I discuss evidence pertaining to
 

hypotheses concerning the effects of changes in fertility on human capital.
 

Demographers have emphasized the importance of couples' inability to
 

perfectly control fertility in influencing the resources allocated to
 

children. Moreover, billions of dollars are expended annually by government
 

agencies in support of programs that are aimed at lowering the costs of
 

fertility control, predicated on the assumption that the consequent
 

reductions in fertility have important and positive consequences for
 

economic development, although the mechanisms are not spelled out. Here the
 

issue is one of obtaining quantitative evidence on how exogenous shifts in
 

the costs of fertility control affect, if at all, the human capital of
 

children In the context of a model in which both fertility and human capital
 

are the outcomes of optimally-made decisions. Biological attributes of
 

reproduction and of human capital production are incorporated in the model
 

formulated in part one and various methods that have been used to measure
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those components of fertility that are 
exogenous and biological are
 

discussed. Evidence obtained using these methods from a number of
 

countries on the quantitative effects of exogenous changes in the costs of
 

fertility control and of fertility itself on schooling, on birthweight and
 

on the investments in the human capital of mothers are presented and
 

discussed.
 

1. The Effects of Economic Growth on Fertility and School Investment
 

a. 
Technical Change, Rates of Return to Schooling and Fertility: A
 

Model
 

Technical change is 
an important (if not the only) determinant of
 

economic growth and development. If the influence of changes in the rate of
 

technical progress on fertility and schooling decisions can be estimated,
 

then an assessment can be made of models that posit that fertility and
 

schooling respond (in a predictable way) to economic growth or its change.
 

Changes in technology are notoriously difficult to measure, however, so 
that
 

some 
indirect way of estimating their effects must be found. 
T. W. Schultz
 

(1976) has hypothesized, and there is 
some evidence from the U.S. farm
 

population (Welch, 1970), 
that changes in the pace of technological advances
 

or the initiation of technical progress, raise the returns to schooling, as
 

schooling enhances abilities to cope with and/or adopt new technologies.
 

Estimates of how changes in the returns to schooling influence fertility
 

thus can provide evidence on the responsiveness of family size decisions 
to
 

at least one 
component of economic development. Because incomes are
 

influenced by and schooling levelp also respond to alterations in schooling
 

returns, the associations between income, schooling and fertility are less
 

informative about the consequences of economic growth than are direct
 

estimates of the effects of changes in the costs or returns to human capital
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investments.
 

In mobile populations, the rental rates on the services of human
 

capital are unlikely to vary across space. 
However, in many low-income
 

countries an important component of the cost of schooling, and thus of the
 

net return to schooling, is the opportunity cost of child time. The major
 

alternati-e to schooling among relatively young children, particularly boys,
 

in such countries is labor market employment. In rural Peru in 1985-86, for
 

example, boys (girls) aged 10-14 who were not in school (less than half)
 

worked on average 32 (8.5) hours per week (Gertler and Glewwe, 1980); 
in
 

India (1970-71), children 10-14 worked on average 150 days per year
 

(Rosenzweig, 1981), contributing about 20 percent of total family income.
 

Most importantly, the wage rates of younger children are unlikely to be
 

influenced by (are exogenous to) human capital investments but are likely to
 

vary in the cross-section, as families are unlikely to change locations in
 

response to spatial differences in child wage rates. 
 Thus, rental rates on
 

human capital are likely to be spatially arbitraged but not opportunity
 

costs of schooling. Cross-sectional information on the wage rates of
 

children can thus be exploited to test whether and how family size and
 

schooling decisions respond to alterations in the return to schooling that
 

fuel the growth process.
 

To more rigorously establish the relationships among the costs and
 

returns to schooling, fertility and school investments and to assess whether
 

economic models of fertility behavior yield refutable predictions with
 

respect to changes in schooling returns, I formulate a simple model of
 

family size and schooling decisions designed to incorporate the major
 

features of fertility models developed over the last 15 years. 1 
 To maintain
 

simplicity, and to highlight the role of the own cost of schooling, I ignore
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the contribution of parental ..ime to human capital formation and its
 

allocation across activities, although these features can be readily
 

embodied in the model. The model tncorporates a limited form of parental
 

altruism, in that parents care about the incomes or earnings, and possibly
 

also the schooling per e, of their children when they become adults, but I
 

refrain from the dynastic model approach in which parent's utility depends
 

on children's utility (Becker and Barro, 1988) to maintain the simplicity of
 

a one-period model.
 

The family welfare function maximized by parents has the usual
 

neoclassical properties and is given by
 

(1) U - U(i, h, n, y),
 

where i - children's average income when adults, h - per-child human 

capital, n - number of children, y - composite consumption good. The human 

capital of a child is produced according to another neoclassical function: 

(2) h - h(t, x; v), h. > 0, hi < 0, j - t,x,
 

where t - time each child spends in school, x - purchased schooling inputs,
 

and v - exogenous endowment ("ability") of the child, which may influence
 

the productivity of inputs.
 

I assume for the moment that parents can supplement or extract
 

resources out of each child's adult earnings via transfers b, so that the
 

income of an adult child i is given by:
 

(3) i- ah + b
 

where a - rental rate on human capital. The decision variable b may be 

positive or negative and may or may not be an inter vivos transfer.
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Children when young are employed at a wage rate w per unit of time when
 

not in school, so that the budget constraint is:
 

(4) 	I + nw(T-t) - n(pn + b + xp,,) + y,
 

where I - income of the parents, px - per-unit price of x, and Pn - direct 

costs of children. The labor market earnings of children when young (when
 

schooling is acquired) is thus pooled with parental resources I.
 

The marginal rate of substitution between human capital and family size
 

associated with the allocation of schooling time t in the household
 

equilibrium described by the model is
 

n(w - hl)
 

(5) 	mrshn 
x
hl(Pn + b + px - w(T-t)
 

The ratio of the shadow prices of human capital and family size, given by
 

the rhs of (5), thus contain the child wage, the rental rate on human
 

capital, the direct cost of children, the price of purchased human capital
 

inputs and the level of parental transfers to or from children.
 

The compensated effects of a change in the child wage on 
the level of
 

schooling t and on family size n are:
 

dtc
 
(6) 	 - - nStt + (T-t)Snt
 

dw
 

dnc
 
(7) 	- - (T-t)Snn + nSnt
 

dw
 

where the Skj are Hicksian compensated substitution effects. Since the
 

model implies that all S < 0, then as long as schooling (human capital)
 

and family size are Hicksian substitutes (Snt > 0), the model yields the
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result that compensated increases (decreases) in the opportunity costs of
 

schooling, ceteris paribus, will raise (lower) fertility and lower (raise)
 

schooling levels.
 

Thus, the empirical associations between child wage rates, schooling
 

and fe.rtility cari be used to test the proposition that economic theories of
 

fertility are capable of explaining why certain changes in the economic
 

environment can result in opposite trends in fertility and human capital
 

levels. None of the effects on either family size 
or schooling of the other
 

exogenous variables in the model are unambiguous, with the exception of the
 

effects of the direct costs of family size pn .2 
 Tests involving variants of
 

Pn are discussed in section 2. The uniqueness of child wage rates in the
 

model arises from the fact that variations in the wage rate of children
 

simultaneously influence, in opposite ways, the marginal cost of having an
 

additional child, given by the denominator of (5), and the marginal cost of
 

an additional time unit of schooling, given by the numerator of (5).
 

How informative are the estimated quantitative effects of child wage
 

rates on schooling and fertility for predicting the magnitude of the
 

consequences of growth-enhancing technical change? The model accommodates a
 

number of special cases depending on what is excluded from the family
 

welfare function (1) and whether or not direct intertemporal transfers b are
 

prohibited. While the qualitative prpdictions concerning the effects of
 

alterations in child wage rates are robust to such respecifications of the
 

model, the relationships between child wage rate effects and the effects of
 

change in the returns to human capital as, 
say, induced by technical
 

change, are not.
 

An interesting special case arises when parents do not care about the
 

level of their children's per-capita human capital per !e, but only about
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their average incomes i. In 	that case, schooling and human capital inputs
 

are allocated efficiently, since parents can directly transfer resources b
 

from or to children in order 	to achieve the desired level of i for any given
 

schooling level t (assuming interior solutions). Thus, barring corner
 

solutions, the level of schooling always conforms to the allocation rule (8)
 

(8) ahI - w, 

which is independent of parental preferences. It is obvious from (8) that
 

the elasticity of schooling with respect to child wage rates is equal in
 

absolute value to the elasticity of schooling with respect to a change in
 

the rental rate on human capital a. In particular;
 

(9) 	qt,,- -"t,w -hl(thll) 1I > 0,
 

"1
- - [t(-l)] when h is Cobb-Douglas, 

where qj - elasticity of 1 with respect to j and P is the schooling output
 

elasticity in the Cobb-Douglas production function.
 

Knowledge of the child wage-schooling elasticity not only provides the
 

magnitude of the schooling-human capital rental rate elasticity in this
 

case, but provides the sign of the fertility-a elasticity without any
 

additional information. It can be readily shown that if the human capital
 

production function is crs,
 

ah
 
(10) 	qn,cr - t'[t,w+ l]nn,p 

nPn 


so that in, > 0 as Jqt'wI > 1 or as t(P-l) > -1 in the Cobb-Douglas case.
 

Relation (10) indicates that when schooling is wage elastic, increases in
 

the rental rate on human capital will not only increase schooling levels but
 

will lower equilibrium family size (assuming own price effects are
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negative). 
 This result can be more readily understood by substituting the
 

rental rate-schooling elasticity in (10), using (9):
 

ah
 
(11) 	 n,,, - [nt,o 11 n,p
 

n
Pn 


If schooling did not respond to, say, an increase in a, the earnings of
 

children would still rise and parents would decrease (increase) transfers to
 

(from) children; 
the benefits of the enhanced income prospects of the next
 

generation is always shared among generations. The algebraic reduction in
 

b, however, lowers the relative net cost of an additional child so that
 

fertility could optimally increase. 
However, to the extent that schooling
 

increases when a increases, the marginal net cost of children also rises,
 

since time at work and thus the direct earnings contribution of children to
 

the family declines. When 	qt,, > 1, the proportionate increase in schooling 

exceeds the proportionate increase in each child's earnings and thus also
 

exceeds the proportionate reduction in per-child transfers b. 
The net cost
 

of children thus increases and family size declines.
 

The critical assumption of the efficient schooling model is that
 

parents provide to or can extract resources, via transfers, from their
 

children in order to achieve an optimal (from their point of view) next

generation per-capita income level. 
 Children thus bear the costs of their
 

own schooling, which are financed by parents. 
 Such a model may not be
 

implausible for many low-income countries, where schooling levels and thus
 

total school costs are low. 
Moreover, intergenerational transfers are often
 

clearly visible in such environments. In India, for example, dowry payments
 

which are provided to the household into which the daughter marries at the
 

time of marriage are almost universal. 
To the extent that the income of the
 

daughters' new household, the quality of her marital match, depends on both
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her schooling and on the dowry transfer, schooling will be efficiently
 

provided. 
In farm households in India, bequests, principally of land, to
 

sons are commonplace at the time of the death of the head. 
Suggestive
 

evidence from Botswana (Lucas and 	Stark (1986)) moreover indicates that
 

among non-resident children, those with higher levels of schooling remit
 

larger amounts of resources to their parents, for given parental wealth
 

levels.
 

The efficient schooling variant of the model is readily testable as 
it
 

has additional strong implications. For example, because human capital
 

inputs are allocated solely according to efficiency criteria, there are no
 

effects of either changes in the costs of children (Pn) or of changes in
 

parental income I on optimal human capital investments. Thus, attempts to
 

change the cost of children (e.g. through family planning interventions)
 

would not affect the level of human capital. However, because intertemporal
 

transfers do respond to direct child-rearing costs (and to changes in I), if
 

transfers are in the form of accumulated assets, savings levels would be
 

responsive to alterations in the cost of children as well as to changes in
 

returns to schooling.
 

If intergenerational transfers are ruled out (b-0), information on the
 

effects of child wage rates on schooling and fertility is still informative
 

with rerpect to both the magnitude and direction of the effects of changes
 

in the returns to human capital on these variables. The relevant
 

elasticities, when the human cak-ital production function is, for example,
 

Cobb-Douglas, are
 

(12) 	nt,c 1l[t,w + 1 + W ?t p ] and 
nPn 
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+ - n7 pWa[-1-n,
(13) 


n
Pn 


When direct transfers across generations are impossible, parents bear all of
 

the costs of their children's schooling and thus can only extract some of
 

the gains accruing to their children from the rise in schooling returns by
 

compensatorily reducing investments in their schooling. 
As a consequence,
 

in this model increases in the returns to human capital do not necessarily
 

increase human capital investments. From (12), 
if the utility function is
 

separable, or the ratio of the potential (full) earnings of children (when
 

young) to their direct costs Pn is small, schooling levels will rise in
 

response to an increase in human capital only if schooling is wage elastic.
 

Similarly, the likelihood that a rise in a lowers fertility is higher the
 

larger is the elasticity of family size with respect to child wages.
 

b. Estimates of Child Wage Effects
 

I have shown that if parental decisions about fertility and the
 

schooling of their children respond to changes in the economic environment
 

and if extensive and intensive investments in children are substitutes, then
 

the variation in the wage rates of school-age children should be inversely
 

associated with schooling levels and positively associated with family size.
 

Table I reports estimates of child and adult male wage effects on fertility
 

and schooling taken from two studies based on micro data sets from India and
 

the Philippines and estimates based on micro data from Indonesia replicating
 

the methodology of the prior studies. 
 The specifications in each case
 

included as regressors the mean wage rate of children based on the
 

aggregation of child wage rates in the community of each household, the wage
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Table 1 

Estimates of Wage Elasticities for Measures of CniLd Schooling
 

aind Fertility: India, Indonesia and the Philippines 

Schooling Children Ever Born
 
India: Enroll- Indonesia: Enroll- Philippines: School

ment Rate, Chit- ment Rate, Chil- ing Attairment, Chil

dren 5 -1 4ab dren, 10 -18c dren 10 -2 0d
 

Boys Girls Boys Girls Boys GirLs Indiab e Indonesiac Philippinesd
 

Child wage -.051 -.066 -.030 -.020 -.021 -.021 .20 .010 .036 
elasticity (1.84) f (2.54) (2.11) (1.15) (1.50) (1.61) (1.71) (1.74) (2.05) 

Father's wage .98 .79 .24 .25 .066 .066 .68 .22 -.049 
elasticity (6.65) (5.64) (7.22) (6.21) (2.48) (2.76) (1.91) (16.6) (1.48) 

a. All schooling measures are standardized for the age of children using country-specific age-schedules.
 

b. Source: NCAER-ARIS Survey, rural households, from Table 15 in Rosenzweig (1981).
 

c. Source: 1980 SUSENAS.
 

d. Source: 1968 National Demographic Survey, from Table 3 in Rosenzweig (1978).
 

e. Based on age-standardized measures of marital fertility, from Table 5 in Rosenzweig (1982).
 

f. t-ratio in parentheses beneath elasticity estimates.
 



rate of the father in the household, and the schooling attainment of the
 

mother, in addition to a number of community-level characteristics. The
 

data set for each analysis is derived from a national probability sample
 

containing a large number of communities (68 districts for India, 100
 

Provinces in The Philippines, 325 urban and rural kabupaten in Indonesia).
 

All three sets of child wage estimates conform to the pattern Implied
 

by the economic model of fertility and human capital--fertility is higher
 

and the schooling enrollment or attainment of children lower where levels of
 

child wage rates are higher. While the elasticity estimates are relatively
 

imprecise, the probability of obtaining the correct pattern of coefficient
 

signs across the three studies, if the signs were independent, random draws
 

with equal probabilities, is less than two percent (of course, since the
 

researcher is the same for all three studies, the independence assumption is
 

dubious).
 

The point estimates of the child wage elasticities are relatively small
 

for both fertility and schooling in all three populations--a halving of the
 

child wage rate would reduce fertility by from one to 20 percent and would
 

increase schooling by from 2.1 to 6.6 percent. These estimates thus suggest
 

that increases in the gross returns to schooling would induce an increase in
 

fertility if schooling investments are efficiently allocated. However, the
 

adult male wage rate elasticity estimates indicate that schooling responds
 

significantly (and positively) to variations in income. These estimates
 

thus reject the efficient schooling model, at least for the average
 

household in the three populations.
 

c. The Indian Green Revolution Experiment
 

The qualitative results with respect to the set of estimated child'wage
 

elasticities are consistent with the hypotheses that parents in low-income
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countries are 
attentive to the costs of and returns to investing in children
 

and that per-child levels of "quality" and family size are viewed by parents
 

as substitutes. 
To assess whether the magnitudes of the child wage
 

elasticity estimates are consistent with time-series evidence on the effects
 

of technological change, via the augmentation of schooling returns, on
 

schooling and fertility, I use information describing the "Green
 

Revolution" in India over the 1961-71 period.
 

An important feature of the indian cxpcriunLt with respect to the
 

(exogenous) introduction of the newer higher yielding grain varieties in the
 

early 1960s is the spatial variability in the degree to which the
 

"revolution" took hold, chiefly due to location-specific heterogeneity in
 

soil and weather conditions. In recognition of the selective potential for
 

the success of the new technologies, the government of India in 1961
 

impplemented a program, the Intensive Agricultural District Program (IADP),
 

in one district in each state in India (two in the state of Kerala) in which
 

it was expected that the improved grain varieties were likely to be
 

particularly productive. 
 The program's objective was to facilitate the
 

adoption of the new inputs and the implementation of any new agricultural
 

practices associated with the new inputs.
 

To assess the income-distributional consequences of the availability of
 

the new grain varieties, the National Council of Applied Economic Research
 

(NCAER) undertook a national survey of rural households in 1968, the
 

Additional Rural Income Survey (ARIS), based on 
a stratified random sample
 

in which one of the sampling strata was 
defined by the presence of the IADP
 

program in the district. 
One-third of the sample thus included households
 

from each of the IADP districts (NCAER, 1975). 
 Households were interviewed
 

three times annually from the crop year 1968-69 through the crop year 1970

14
 



71. Because of other sampling criteria, over two-thirds of the final
 

sample, consisting of households interviewed in all three rounds, were land

owning (farm) households.
 

Wage growth in the IADP districts was substantially higher than that in
 

the non-IADP districts over the 1961-71 period--the daily agricultural wage
 

rates of males rose in real terms by 24 percent in IADP districts and by
 

only 6.4 percent in non-IADP districts; the wage rates of adult female
 

agricultural workers rose by 12.7 percent in IADP districts compared to 3.4
 

percent in non-IADP districts (Directorate of Economics and Statistics
 

(1962, 1972). The 1970-71 round of the NCAER-ARIS data
 

indicate, moreover, that farm households in the IADP districts were indeed
 

subste.ntially more likely to be using the newer high-yielding grain
 

varieties (HYV). Moreover, within the IADP districts, farmers with higher
 

levels of schooling, frc given wealth levels and land size, were
 

significantly more likely to have adopted the new seeds (Rosenzweig, 1982a),
 

consistent with the Schultz hypothesis that schooling enhances efficiency in
 

using new technologies.
 

As a direct way of assessing the influence of technical change on the
 

returns to schooling, I regressed the log of the gross income of farmers
 

residing in IADP and non-IADP districts in 1970-71 on their educational
 

level, controlling for own landholdings, the value of their farm estate,
 

electrification, and an indicator of weather conditions 
(whether or not
 

crops in the village adversely affected crop yields). Table 2 reports the
 

schooling estimates, which indicate that the contributions of schooling to
 

gross income were indeed higher at each schooling level among farm
 

households in IADP districts, but only significantly so for primary school
 

education. Differences in the contributions of schooling the incomes of
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Table 2
 

"Returns" to Schooling: Gross Income of Farmers in 1970-71
 
in IADP and non-IADP Districtsa
 

F-statistic
 
Schooling Level non-IADP 
 IADP Differential
 

Primary .011 .160 
 4.1
 
(0.37) (2.06)


Above primary, below .266 .280 0.04
 
matriculate (8.64) (4.14)
 

Matriculate 
 .509 .558 0.36
 
(13.1) (7.73)


Above matriculate .678 .840 
 1.78
 
(9.52) (8.47)
 

a. From regression analysis. 
Left out schooling category - illiterate.
 
Other regressors - own landholdings, value of farm assets, whether farm
 
electrified, head's age, and indicator of weather. 
Number of
 
observations - 3226.
 

b. t-ratios in parentheses.
 



farmers across the two regions for schooling levels above primary are not
 

statistically significant.
 

It is, of course, not possiblF. to know based on the NCAER-ARIS iiicome
 

data, collected ten years after the introduction of the HYV sees, whether
 

the returns to primary schooling were higher in IADP disticts prior to the
 

green revolution. However, in the last round of the survey a complete
 

retrospective pregnancy history was obtained for each married woman in the
 

sample households. It is thus possible to compare the pre- and post- Green
 

Revolution cumulative fertility experiences of comparably-aged women across
 

the IADP and non-IADP districts and to thus "control for" India-wide trends
 

in fertility over the 1961-71 period. 
This is because the children born to
 

women aged 25 to 34 in 1971 in IADP districts should almost wholly reflect
 

the "Green Revolution" experience, while the cumulative fertility of women
 

aged 25 to 34 residing in IADP districts in 1961 and that of women aged 25

34 residing in non-IADP districts in either 1961 or 1971 should not have
 

been directly influenced by the new technologies.
 

A similar cohort comparison analysis can be performed with respect to
 

primary schooling attendance based on the NCAER-ARIS data. Members of
 

households aged 25 and above in 1971 would have completed their primary
 

schooling, if they had attended primary school, prior to the introduction of
 

the new grain varieties, while those persons aged 10-14 in 1971 would have
 

completed their primary school education, if any, after 1961. Table 3
 

reports the changes in both the number of children ever born and the
 

percentage of males with no primary schooling in farm households across 
the
 

IADP and non-IADP districts along with the changes in real adult male and
 

female wage rates. 
 The figures suggest that there were important effects on
 

fertility associated with the introduction of technical change. Although in
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Table 3
 

Change in Fertility, Schooling and Wage Rates Associated with
 
the "Green Revolution" in Indian Farm Households: 1961-1971
 

IADP 
 non-IADP

Variable 
 1961 1971 % Change 1961 1971 % Change
 

Children ever born, 3.44 
 3.04 -11.6 3.11 3.03 -2.6
a
 
women 25-34


Percent no primary 
 25.8 11.3 -56.2 
 40.8 28.7 -30.0
 
schooling (males)ab
 

Real 	agricultural wage, 1961 rupees per day c 
adult males 1.50 1.86 24.0 1.73 1.84 6.4
 

adult females 1.02 1.15 12.7 1.18 1.22 3.4
 

a. Source: NCAER-ARIS Survey.
 

b. For 1961, based on schooling of male heads aged 25-50 in 1971. 
 For
 
1971, based on schooling for boys aged 10-14 in 1971.
 

c. Source: Agricultural Wages in India.
 



1961 the average number of children ever born to women aged 25-34 was about
 

a third of a child higher in IADP districts, by 1971 the cumulative
 

fertility of women in the 25-34 age group was 
almost equal across the two
 

areas, due to a significantly larger decline in cohort fertility in the IADP
 

districts. 
 Schooling trends are less differentiated. The proportion of men
 

with no schooling fell considerably over the period, but only slightly more
 

in IADP areas--the proportion of males with no schooling in farm households
 

increased by 14.5 percentage points in IADP districts and by 12.1 percentage
 

points in non-IADP districLs.
 

The figures in Table 3 thus indicate, consistent with the pattern of
 

child wage elasticity estimates in Table 3, that increases in the pace of
 

development, fueled by exogenous technical change, can lead to substantial reductions
 

fertility and increase in human capital investment without direct family
 

planning interventions. 
 However, it is difficult to reconcile in the
 

context of the model the quantitative magnitudes of the cross-sectional
 

child wage elasticity estimates of Table 1 with the magnitudes of the
 

changes occurring in the initial stages of the green revolution that could
 

be attributable to the increase in the returns to schooling. 
The estimated
 

adult male wage elasticities for India in Table 1 suggest that the 24
 

percent rise in wages between 1961 and 1971 in the IADP districts would have
 

led to an increase in fertility by 16.3 percent 1.68 
x 24) in the absence of
 

any rise in the returns to schooling or other changes. 
 If male wages did
 

not rise, fertility therefore would have fallen by almost 28 percent (16.3 +
 

11.6). 
 Some part of this decline might be attributed to the 12.7 percent
 

rise in female wage rates occurring over the period, but for all of the
 

fertility reduction to be accounted for by the change in the wage rates of
 

women, the female wage elE.sticity would have to be over 2 in absolute value
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(27.9/12.7).3 
 On the other hand, i2 the estimated difference in the rate of
 

returns to primary schooling across the IADP and non-IADP districts in 1971
 

reported in Table 2 represents the (percentage) change in the gross returns
 

to primary schooling (a) associated with the flow of new agricultural inputs
 

begun in the 1960s, then the elasticity of fertility with respect to a would
 

be -1.8 (27.9/15), also very high. The inelastic child wage rates estimates
 

in Table 1, while consistent with the relatively small differential in the
 

increase in schooling across the IADP and non-IADP districts, are not
 

consistent with a high fertility-a elasticity.4 Indeed, as noted, the
 

efficient schooling model predicts a fertility increase when the response of
 

schooling to child wages is not elastic. 5
 

2. Consequences of Changes in the Cost of Fertility
 

a. 
Biological Aspects of Human Reproduction
 

The empirical results based on the cross-sectional variations in child
 

wage rates and the time-series changes observed during the Indian "Green
 

Revolution" quasi-experiment lend support to the hypothesis embodied in the
 

economic model of fertility behavior that the human capital of children
 

and family size are responsive to price changes and are viewed as substitutes
 

by parents. An increase in the direct cost of fertility, Pn, should
 

therefore also raise human capital investment levels. If fertility levels
 

are too high and human capital levels too low, then one reason may be that
 

the cost of increasing family size faced by households is in some 
sense too
 

low.
 

For many family planning advocates and demographers imperfect
 

information about the biological aspects of reproduction is the principal
 

reason for high fertility levels. 
 They suggest that in many low-income
 

countries couples' information about methods of fertility control and about
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the consequences of high fertility for their children, for given resources
 

allocated to children,is deficient. The dissemination of information about
 

improved methods of birth control and about the negative consequences of
 

high fertility, Ln their view,will importantly increase human capital
 

investments and thus lead to higher income levels.
 

To examine hypotheses concerned with fertility control efficiency and
 

the biological consequences of fertility it is necessary to incorporate in
 

the basic model of section one functional relationships reflecting the
 

biological aspects of fertility. The simplest way to model the biological
 

supply of births, following Easterlin et. al. (1980) and Rosenzweig and
 

Schultz (1985), is to add a reproduction function of the following form:
 

(14) n - p + n(z) n' < 0, n" > 0, 

where the z are resources used to control births (e.g. contraceptives) and U 

is the exogenously determined number of births that would occur in the 

absence of fertility control (z - 0). The level of p, fecundity, is
 

biologically-determined, but parents choose the actual level of fertility n by
 

allocating more or less of the fertility control input z; 
 z not n is thus
 

now the coitrol variable. Note that since a couple's demand for z is
 

derived from its demand for n, the observation that sophisticated methods of
 

birth control are infrequently used in some environments says little about
 

the cause of high fertility there.
 

The assertion that fertility has a direct, biological effect on the human
 

capital of children can be expressed by including n as one of the inputs in
 

the human capital production function (2); i.'d.
 

(15) h - h(t, x, n; v).
 

If h3 < 0, then among parents allocating the same resources to each child,
 

those with a higher family size will accumulate less human capital per
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child; lowering fertility directly benefits those children born when all
 

other parental behaviors are the same.
 

The marginal rate of substitution between schooling time and family size
 
in the modified model incorporating the biology of fertility becomes:
 

(16) mrsh, - hl[Pn + b + pxx 
n(w - ah)n 
 - w(T - t) - n(h3/hl)w + pzn']
. - I
 

where Pz - per-unit cost of z. 
The shadow price of family size n is now
 
higher compared to the case, implicitly assumed in the model of part one, in
 
which fertility control is costless (pz-0). 
The higher is the per-unit
 
cost of the fertility control input and the less efficient is z in reducing
 
births 
(the lower is In'l), 
the higher is fertility. 
Thus, if couples are
 
ignorant of efficient methods of fertility control, so 
that their optimal
 
In'l 
is too low, fertility will be too high and, if h and n are substitutes,
 

human capital per-child will be too low. 
The shadow price of family size,
 
on the other hand, is higher to the extent that higher fertility reduces
 
human capital in (15), 
that is, the larger is 1h
3 1. If parents are
 

unaware that b3 < 0 or underestimate its magnitude, then they will have more
 
children and children of lower "quality" than they would have preferred if
 

fully informed.
 

b. 
Biological Consequences of Fertility for Human Capital: 
 Evidence
 

Testing the proposition that fertility has a direct influence on human
 
capital given other resources that directly influence h, that h3 < 0, would
 
appear straightforward, requiring the estimation of the human capital
 

production function (15). 
 Howeyer, it is obviously necessary that there be
 
information on all of the relevant inputs contributing to 
the human capital
 

of children that are potentially correlated with fertility. 
Lack of
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controls for other h inputs that be correlated with fertility may lead to
 

misleading inferences. 
 For example, fertility and mortality may be
 

positively correlated because parents living in unhealthy environments
 

expect their children to die more frequently. They thus invest less in each
 

child and bear more children.
 

Even if data are available describing all of the inputs in (15), 
when
 

there is no information on the v term, reflecting, for example, the endowed
 

intelligence or healtiiness of the child or the healthiness of the
 

environment, attempts 
to fit some parameterized form of the function with
 

least squares or some other curve-fitting method will result in consistent
 

and unbiased estimates only if the inputs, inclusive of the fertility
 

variables, are not correlated with the unobserved v. 
If parents know v and
 

v varies in the population, the human capital inputs will in general,
 

however, vary with human capital endowments. For example, when v does not
 

directly influence the productivity of any inputs (is 
an additive term in
 

(15)) the relationship between fertility n and v derived from the model 
 is
 

given by:
 

dn w h l dn 
(17) - - - -n Snt - Snn + n 

dv h[ hI dI 

where dn/dI - income effect on n. Expression (17) indicates that parents
 

with children who 
are endowed with more human capital (perhaps because they
 

reside in healthier environments) bear more children when the number of
 

children and schooling or human capital per child are Hicksian substitutes
 

(Snt > 0). Thus, higher fertility might appear in this case to be
 

positively correlated with measures of human capital,controlling for all
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inputs in (15), 
even if fertility actually has no direct influence on human
 

capital (h3-O). 
 This result arises principally because an increase in the
 

endowment induces parents to reduce their per-child investments x or t in
 

human capital. 
With less resources invested per-child, the cost of adding
 

an additional child is also reduced. 
In the general case in which the
 

endowment influences the productivity of the inputs, the direction of the
 

bias cannot be predicted.
 

Whether or not the existence of unobserved exogenous factors is
 

accounted for in how (15) is estimated, it is still necessary to have
 

information on 
all of the relevant inputs directly affecting human capital
 

that are under the control of parents. This information is most likely to
 

be complete for early indicators of child development, such as birthweight
 

and infant morbidity and survival. 
 The number and variety of "inputs" that
 

could have directly affected an adult's accumulation of human capital, aside
 

from his/her number of siblings and sibling intervals, is large indeed. 
It
 

is not likely therefore that simple measures of the associations between
 

fertility variables and adult levels of human capital provide good estimates
 

of the marginal product of n in (15).
 

A number of recent studies have estimated the biological determinants
 

of early human capital indicators employing econometric methods that take
 

into account parental responsiveness to unobserved (by the researcher) human
 

capital endowments. Rosenzweig and Schultz (1983) estimated the effects of
 

birth order and maternal age at birth, but not intervals between births, on
 

children's birthweight u.ing instrumental variables, namely proxies for
 

input prices and parental characteristics, based on a random sample of all
 

legitimate births in the United States. 
 They found that estimates of the
 

effects of inputs on birthweight are sensitive to whether or not the
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unobserved factors are taken into account. 
However, their two-stage
 

procedure applied to cross-sectional data assumes that the characteristics
 

of parents (schooling, earnings) and the community-level health
 

infrastructure, the identifying instruments, are uncorrelated with the human
 

capital endowment of the children. These assumptions are violated if there
 

is some genetic transmission of human capital endowments, if persistent
 

location-specific endowments have influenced the investments in parents'
 

human capital, and/or if the location of programs is related to area

specific endowments associated with human capital (see below).
 

Olsen and Wolpin (1984) estimated the biological determinants of infant
 

survival in the presence of unobservable endowments by estimating how
 

differences across children within the same family in birth order, spacing,
 

maternal age and other variables were associated with differences in infant
 

mortality. This technique: purges out the family human capital endowment,
 

thus requiring no assumptions about the intergenerational transmission of
 

endowments or of governmental program placement rules.
 

The family fixed effects procedure, however, assumes that parents do
 

not respond to exogenous differences across individual children. 
That is,
 

dynamic behavior is assumed away. It is a procedure faithful to the static
 

model in which all children have the same (family) endowment v and there are
 

no unanticipated events. 
 However, if parent's fertility decisions respond
 

to the individual characteristics of the heterogeneous children, the within

family estimators will also be biased and inconsistent. For example, if
 

parents have an additional child more quickly because their last child dies
 

(the so-called "replacement" effect),6 it will appear that shorter post

birth intervals increase the risk of death even when in fact they do not.
 

Similarly, the mother may less intensively breastfeed a child who is ill and
 

23
 

(.t[ 



who is thus more at risk of death, leading to overestimates of the true, if
 

any, mortality-reducing effects of breastfeeding.7
 

An estimation procedure that combines (i) the within-family estimator,
 

to purge the family endowment, and (ii) instrumental variables, using as
 

instruments variables plausibly uncorrelated with differences 
in child

specific endowments within a family, not only permits a larger set of
 

instruments (parental characteristics and programs are unlikely to be
 

correlated with differentials in endowments within a family) but prcvides
 

consistant estimates of the human capital production function even when
 

parents respond dynamically to child endowments. 
 The first two columns of
 

Table 4 report estimates of the effects of three fertility variables 
-- the
 

age of the mother at the birth of the child (timing), the interval between
 

births (spacing), and birth order (number) --
on birthweight from two
 

studies, based on data from Malaysia and Colombia, obtained using this
 

combined estimation procedure. 
 In the third column of Table 4 I present
 

additional estimates, using the same methodology and specification, based on
 

data describing the children of U.S. mothers from the National Longitudinal
 

Survey of Youth (NLSY).
 

Because the women in the NLSY sample were only aged 21-29 by 1986, the
 

latest round of the longitudinal survey, there are 
few children of order
 

greater than three in the U.S. sample (12 percent of the children). It is not
 

likely therefore that these data will yield reliable estimates of birth order
 

effects. 
The limited age range makes it also unlikely that maternal age
 

effects will be measured precisely. However, there is considerable
 

variability in the spacing of births, and this parameter is estimated with
 

reasonable precision. 
Indeed, the most striking feature of Table 4 is the
 

similarity of the estimated birth spacing elasticities, estimated from data
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Table 4
 

Estimates of Birth Spacing, Birth Order and Maternal Arq Elasticities for
 
Birthweight, from Within-Family, Instrumented Production Function Analyses:
 

Malaysia, Colombia and United States
 

Malaysiaa golombiab Unitedte
 
Variable Elasticity Mean Elasticity Mean Elasticity Mean
 

Birth order (after -.16 2.5 -.24 4.6 -.012 1.6
 
first birth) (1 .1 7)d (2.08) (0.31)
 

Prior birth .026 27.3 .056 27.6 .031 33.0
 
interval (1.62) (1.83) (1.65)
 
(months, order>l)
 

Maternal age at .63 22.5 .76 23.5 .17 21.2
 
birth (years) (1.50) (1.35) (0.71)
 

Number of children 1458 238 	 1926
 

a. 	From Rosenzweig and Schultz (1987), Table 7. Based on children of order
 

two and three only.
 

b. 	From Rosenzweig and Wolpin (1987), Table 2.
 

c. 	Source: National Longitudinal Survey of Youth.
 

d. 	t-ratio in parentheses beneath the elasticity estimate.
 



sets describing behavior in three very different economic environments. Of course
 

this result is to be expected if biological relationships are being
 

identified, as is the goal. 
 In contrast to the wage elasticity estimates in
 

Table 1, the estimates of Table 4 are "structural" estimates that should be
 

invariant to the economic environment.
 

Although all three sets of estimates indicate that the postponement of
 

births, wider intervals between births, and fewer births increase
 

biologically the weight of children at birth, an important determinant (or
 

correlate) of infant mortality and subsequent child development among
 

surviving children, the magnitude of these direct effects appears to be
 

small --
a doubling of the intervals between births (2.5 years to 5.0 years)
 

increases birthweight only by from 2.6 to 5.6 percent; 
 the birthweight of a
 

fifth child is from four to six percent lower than his/her immediately
 

preceding child (Colombia, Malaysia),postponement of births by one year, for
 

given spacing and birthorder, increases birthweight by from 1.4 to 3.2 percent
 

(Colombia, Malaysia). 
 Whether or not parents take into account these
 

biological consequences of fertility in forming their family size goals is
 

thus not likely to have important consequences for the level of human
 

capital investments in an economy. 
The observed negative correlations
 

between family size and per-child measures of humar capital do not appear to
 

have a strong biological component.
 

c. 
Imperfect Fertility Control and Fertility: Evidence
 

The assertions that the inability of couples to control fertility is 
a
 

principal cause of low levels of investments in human capital in low-income
 

settings and that the
 

dissemination of birth control information would have a strong effect on
 

economic growth require two kinds of evidence. First, there must be
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evidence that the costliness of controlling births is an important
 

determinant of the actual number of births in low-income countries.
 

Second, it must be demonstrated that parents or households respond to
 

"excess" births by diverting resources from per-child human capital
 

investments.
 

A seemingly-straightforward means of ascertaining both the prevalence
 

and consequences of imperfect contraceptive control Is to ask parents about
 

the number of their births that they did not want. 
Attempts to relate
 

parental reports of "unwanted" births or pregnancies to measures of their
 

human capital investments, as 
in Rodgers (1984), are however, difficult to
 

interpret. 
 First, because information on "wantedness" is usually obtained
 

after a child is born, the wantedness of a child may be related to factors
 

other than to its parents' inability to control fertility perfectly. In
 

particular, ex Rost (post-fertility) "unwantedness" may be a function of
 

unrealized expectations, expectations formed when the fertility decisions
 

were originally made, regarding economic circumstances or the "qualities" of
 

the as yet unborn children. Rosenzweig and Wolpin (1988) find evidence that
 

because young mothers in the United States evidently have unrealistically
 

high expectations about the quality of their children and because of the ex
 

post rationalization of observed birth outcomes in terms of wantedness, the
 

proportion of births that are 
retrospectively reported as unwanted overstate
 

the proportion that were truly "unwanted" prior to conception by 26 percent.
 

A second problem with using reports of excess births to 
measure the
 

costliness of fertility control is that couples' willingness to bear
 

"excess" children will clearly depend on the net cost of children (Michael,
 

1973). Both "excess" births--the number of additional births that would
 

have been averted if fertility control were costless--and desired births
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are function of the costs of children. 
Thus, in societies where the shadow
 

price of children is low, actual, desired (under costless control) and
 

excess fertility will be high. 
 In an environment having identical costs of
 

fertility control, but in which the relative returns to 
(costs of) large
 

families are 
low (high), however, excess births will be lower (as will as
 

actual births and desired births).
 

Finally, if excess births as well as human capital investments are
 

likely to be correlated with economic circumstances, it is necessary to 
look
 

at the consequences of variations in "excess" births controlling for those
 

circumstances. 
But why should observationally identical couples facing the
 

same economic environment report different numbers of unwanted children?
 

Unobservable differences in human capital endowments 
(v) and/or in
 

preferences, in addition to variability in fecundity (p) or in contraceptive
 

ccsts Pz may influence excess births. 
For example, households in which
 

smaller per-child human capital investnents are preferred may be more
 

willing to control fertility less perfectly.
 

The association between reports of unwanted births and human capital
 

investments in children thus 
are not likely to provide evidence that can be
 

unambiguouziy interpreted in terms of the effects of the costs of
 

controlling fertility on levels of human capital. 
 There are alternative
 

methods that 
can by used to asses the consequences of the costliness of
 

fertility control, however. 
One is 
to estimate the effects of variation in
 

Pz' 
the cost of contraception, on human capital investments, i.e., 
estimate
 
the 
cross price effect Snt by estimating dt/dpz. Studies of the "cross
 

price" effects of family planning programs (which either reduce Pz or
 

increase (in absolute value) n'), 
have typically employed cross-sectional
 

data on community-level programs merged with either household or community
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level information on measures of human capital and parental characteristics.
 

In Rosenzweig (1988) I discuss three such studies, all of which support the
 

hypothesis that raising the net cost of children, through decreasing
 

contraceptive costs, raises human capital levels. 
The estimated
 

quantitative effects of the family planning programs are very small,
 

however.
 

The principal difficulty with exploiting the cross-area variability in
 

either program presence or intensity to estimate the effects of programs on
 

the behavior of households Is that the areal distribution of programs is
 

unlikely to correspond to the randomized distribution required for the
 

appropriate experiment. 
 That is, program placement is not likely to be
 

orthogonal to unmeasured variables influencing household behavior. 
For
 

example, programs may be located where the demand for program services is
 

high, or where the environment is least healthy, as 
found, for example by
 

Rosenzweig and Wolpin (1986) for both family planning and health clinics in
 
8
the Philipines. Conversely, households may move to localities that provide
 

services they prefer or can use most efficiently (Rosenzweig and Wolpin,
 

1987).
 

A third strategy for assessing the consequences of imperfect fertility
 

control for human capital investments is to exploit the "natural" experiment
 

associated with the variability in fecundity in the human population, p in
 

the model. 
 Because fecundity is likely to be orthogonal to preferences and
 

robust to at least small changes in the environment, this "variable" mimics
 

the ideal randomized experimental intervention of varying births
 

exogenously. Moreover, if and only if fertility control is costly can the
 

variability in fecundity influence the variability in family size and,
 

possibly, human capital investments. 
To see this, consider the effect of a
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change in p on fertility control resources z, allowing the household to
 

adjust all of its resources optimally:
 

d[ n"
 
(18) 	 - - (n') Pznn
- 1
 

dn 
 n
 

Because dn/dp  1 + n 	(dz/dp),
 

dn n
 
(19) 	 - - PzSnn
 

dp n
 

Expression (19) indicates that if either Pz 
 0; i.e., fertility control is
 

costless, or n' - , i.e., fertility control is perfectly effective,
 

variations in fecundity will not affect actual family size. 
 If fertility
 

can be costlessly adjusted, there are no consequences. With Pz > 0, high
 

fecundity will be associated with high fertility. Moreover, fecundity and
 

schooling will be negatively related if family size and per-child human
 

capital are substitutes, from (20):
 

dt Pz n" dt
 
(20) ..
 Sn t + 

dp n" n 
 dI
 

Two methods have been used to measure fecundity. Rosenzweig and Wolpin
 

(1980 and 1980b) proposed that the behavior of couples experiencing a
 

multiple birth could be compared to those couples not experiencing such
 

births to obtain unbiased estimates of the effects of "excess" births.
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Such comparisons would not require any information on the economic
 

circumstances of the couples, only information on birth histories and the
 

behavioral outcomos of interest. 
Since the probability that A coule
 

experiences a twin birth rises with the number of pregnancies, Rosenzweig
 

and Wolpin (1980a) studied the consequences of Imperfect fertility control
 

for child schooling by using a measure of twins per pregnancy. A better
 

method, implemented in Rosenzweig and Wolpin (1980b), 
in their study of the
 

labor supply behavior of U.S. married women, compares couples with a twin on
 

the first pregnancy to other couples. 
 The "twins first" method is preferred
 

since at which pregnancy the multiple birth occurs may matter. 
Indeed, in a
 

regime of costless fertility control, and where couples desire at least two
 

children, couples having a twin on the first birth should not behave very
 

differently from other couples, unless the timing of births is important.
 

Couples experiencing a twin on their last (planned) pregnancy, however,
 

cannot adjust their family size no matter what the cost of contraception.
 

A major practical shortcoming of the twins first method is that less
 

than one percent ot all first pregnancies result in mutiple births. 
Thus
 

very large sample sizes 
are needed to exploit the natural twins experiment.
 

Rosenzweig and Schultz (1985) have proposed a method which also exploits the
 

variability in fecundity but does not require unusually large sample sizes.
 

In this approach M is measured by estimating the reproduction function (14).
 

If the parameters of (14) are known (i.e., 
the effects of different
 

contraceptive methods on conceptions and birthsare estimated), then the
 

difference between a couple's actual number of births and that predicted on
 

the basis of their use of f3rtility control (and all other relevant) inputs
 

in (14), the "residual," represents that part of fertility which,
 

definitionally, is beyond the couple's control; 
 i.e., for couple k,
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(21) p - n - n(Z. 

The Rosenzweig-Schultz residual method requires detailed information on
 

couples' contraceptive use and conceptions. 
Moreover, estimation of the
 

reproduction function is not straightforward. Couples will adjust their
 

contraceptive behavior to realized births, and thus to p, as 
in (18) and as
 

a consequence the unobserved p will be correlated with Z in (14). 
 The
 

estimation procedure must take into account this correlation. Rosenzweig
 

and Schultz (1985, 1987) used instrumental variables to estimate the
 

reproduction function using data from the United States and Malaysia,
 

respectively. 
Thus, another data requirement of their procedure is
 

information on the 
(exogenous) determinants of contraceptive control z. 
In
 

both countries, variation in fecundity was found to account for some portion
 

of the variability in actual births, although the proportion was small 
- ten 

percent in the United States, three percent in Malaysia.
 

Table 5 reports estimates of the effects on children's schooling
 

attainment due to an exogenous 
increase in fertility by one birth from three
 

low-income countries, from the Rosenzweig and Wolpin (1980a) study applying
 

the twins per pregnancy method to rural Indian data, from the Rosenzweig and
 

Schultz (1987) study based on the residual method applied to Malaysian data,
 

and from a study (Song, 1988) applying the "twins first" method to 
a large
 

(57,000 household) Indonesian data set. 
 Comparable quantitative effects
 

across 
the residual and twins methods were obtained by converting the
 

residual measure of fecundity estimated from the Malaysian data into excess
 

births using the estimated effect of a change in p on cumulative births in
 

that study, i.e., an estimate of dn/dp, since dt/dn  (dt/dp)(dn/dy) .
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Table 5
 

Estimates of the Percentage Change in Children's Schooling Attainment due to
 
One Unanticipated Birth Using Three Methods: 
 India, Indonesia and Malaysia
 

Age-Standardized Mean Years
 
Schooling Indexa of Schoolingb
 

Method 
 Non-Twin Children Twin Children All Children
 

Twins per pregnancy (India)c -34.0 
(3.22) f 

Twins on first birth -17.3 -20.0 
(Indonesia)d (1.48) (1.63) 

Residual fecundity (Malaysia)e -8.3 

(1.62) 

a. 	Mean of actual schooling of children of age i in family divided by
 
average schooling for all persons aged i in population.
 

b. 	Includes expected schooling attainment for households in which children
 
are still attending school.
 

c. 	Estimate assumes 7 pregnancies for average family, from Table 2 in
 
Rosenzweig and Wolpin (1980). Source: NCAER-ARIS.
 

d. 	From Table 5, rural households in Song (1988). Source: 1980 SUSENAS.
 

e. 
Fertility of couple net of age of mother, breastfeeding and use of
 
contraceptive methods. 
From Tables 5 and 6 in Rosenzweig and Schult
 
(1987). Source: Malaysian Family Life Survey.
 

f. 	t-ratio in parentheses beneath coefficient.
 



Each study confirms at the 
.10 significance level that contraceptive control
 

is not perfect and that the inability to perfectly control fertility lowers,
 

on average, the human capital of children.
 

The range of quantitative estimates, from an 8 to a 34 percent decrease
 

in schooling due to an exogenously-induced extra child, arises in part from
 

differences in the methods used. 
Because the twins-first method measures
 

the effect of an exogenous extra birth early in the child-bearing life

cycle, its effect on the human capital of (non-twin) children should be
 

smaller in absolute value than the effect of an extra child occuring, on
 

average, halfway through the life-cycle, as measured by twins per pregnancy.
 

This is because parents have a greater period of time to adjust their
 

contraceptive strategies in the former case. 
 The results are consistent
 

with this; the schooling of non-twin children is reduced by 17 percent if
 

the extra birth occurs at the first pregnancy (Indonesia) and by 34 percent
 

on average if it occurs at the third or 
fourth pregnancy (India). The
 

residual method applied to the Malaysian data provides the effect of an
 

increase in fecundity that persists over the entire (child-bearing) life

cycle on the completed or expected shcooling of children, rather than the
 

effect of a discrete but exogenous increase in the number of births in a
 

particular life-cycle period. 
The smaller effect of an extra birth 
induced
 

by an increase in fecundity on schooling estimated from the Malaysia data
 

could, however, be due to cross-country differences in contraceptive
 

efficiency or to differences in contraceptive costs or preferences.
 

The estimates obtained from the "natural" experiments associated with
 

variability in human fecundity suggests that improvements in contraceptive
 

technology that reduce completed fertility by one child would have non

trivial effects on human capital investments, although estimates are still
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lacking on how changes in the cost or availability of contraceptives
 

influence family size or excess births. The fecundity variation can also
 

be exploited to examine the impact of variations in births on the mother's
 

wage rate, to assess the effects of costly fertility control on the
 

accumulation of skills by married women. Rosenzweig and Schultz (1985) and
 

Rosenzweig (1988) estimated the effects of the residual measure of fecundity
 

on the log of the weekly wage rate of married women in the United States and
 

in Malaysia, respectively. Both sets of estimates indicate that the
 

costliness of fertility control also results in lower wage rates for married
 

women in these countries--one extra birth resulting from the inability to
 

perfectly control fertility decreases the wage by 14 percent for U.S.
 

married women and by 36 percent for married Malaysian women. These results
 

indicate why information on the association between the wage rates of
 

married women and fertility does not provide a good estimate of the effects
 

of exogenous changes in the opportunity cost component of childbearing on
 

family sie, since the wage rates of women, unlike for children,appear to be
 

themselves influenced by the costs of childrearing via job-related human
 

capital accumulation.
 

3. 	 Conclusion
 

Nature and happenstance provide few natural experiments that can
 

effectively substitute for the experiments needed to perform tests of
 

theories and models of human behavior. The recent aggregate development
 

experiences of the few hundred countries of the world are no exception, and
 

the possibility of learning from less recent historical events is almost
 

irreversibly constrained by the absence of detailed information describing
 

such events. In this paper I have presented evidence from empirical studies
 

that 	have sought to approximate the appropriate experiments needed to test
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hypotheses, derived from models of household behavior, about the
 

interrelationships among population growth, human capital accumulation and
 

economic development. Such studies have exploited the cross-area
 

variability in the wage rates of children in a number of low-income
 

countries, the inter-couple variability in the biological propensity to
 

conceive, and time-series evidence provided by the geographically-selective
 

introduction of new agricultural technologies in India over the period 1961

71.
 

The three types of evidence, some of which has been replicated across
 

two or more countries, support the fundamental proposition, embodied in most
 

economic models of household fertility behavior, that parents "trade-off"
 

family size and per-child human capital levels in response to changes in the
 

relative costs and returns to increasing human capital investments or to
 

increasing fertility. In particular, the evidence suggests that (i)
 

alterations in the returns to human capital associated with exogenous
 

technological change lead simultaneously to increases in schooling
 

investments and to significant red-ctions in fertility in the absence of
 

family planning interventions end that (ii) the costliness of fertility
 

control is a significant but modest contributing factor to inhibiting
 

increased human capital investments. Evidence from a number of different
 

coutries based on econometric studies informed by economic theory also
 

suggest, however, that the biological. component of the trade-off between
 

fertility and the human capital of children is relatively trivial;
 

reductions in fertility that increase by large amounts the spacing of
 

births, for example, have only an insubstantial negative effect on early
 

life-cycle indicators of child development. The evidence also appears to
 

reject the hypothesis that schooling is provided efficiently to children, at
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least in low-income countries.
 

The empirical foundation for understanding the role of fertility and
 

population growth in economic development through understanding household
 

behavior is still in a primitive state. For exampl., 
while the cross

sectional evidence based on child wage rates 
is qualitatively consistent
 

with the time-series changes in fertility and schooling observed after the
 

introduction of new grain varieties in India and supports the view that
 

economic growth (of a particular kind) induces a slowdown in population
 

growth, the cross-sectional quantitative estimates understate substantially
 

the intertemporal changes. 
Which estimates are more reliable for predicting
 

the consequences of growth induced by technical change? 
Moreover, while the
 

evidence that the costliness of fertility control is 
a factor in maintaining
 

low levels of human capital investment appears robust, there is 
a notable
 

absence of studies providing information on the sensitivity of human capital
 

investments to the costs of contraception. This in part results from a lack
 

of attention in empirical studies to 
the processes generating spatial and
 

intertemporal variability in governmental efforts to promote or subsidize
 

contraceptives. Without such estimates, however, and without therefore an
 

improved understanding of the interaction between household-level decisions,
 

market structure, and governmental behavior, there is only a weak
 

justification for particular levels of financial support for population
 

programs.
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F~ootnotes
 
1. 
 The model embodies the interaction between child quantity and quality
 
in the household budget constraint (Becker and Lewis, 1973), 
the economic
 
value of chUdren (Rosenzweig and Evenson, 1977), 
the production of human
 
capital by heterogeneous households (Rosenzweig and Schultz, 1983), 
and
 
intergenerational transfers 
(Becker dnd Tomes, 1979) 
that have been
 
emphasized in prior work 
formulating models of household fertility
 

behavior.
 

2. 
 For example, o rise in px increases the cost of both increasing per
child human capital levels and adding to family size so 
that the
 
decomposition of the reduction in the total human capital of children (nh)
 
into changes in n or h cannot be predicted without imposing further
 

structure on 
the model.
 

3. In Schultz (1985), 
one of the few studies to treat the (adult) female
 
wage rate as an endogenously-determined variable, the elasticity of the
 
total fertility rate with respect to 
the female wage is 
-.88. In that
 
study, based on a time-series of cross-sectional district-level Swedish
 
data, identification of female wage rate 
effects was achieved based on the
 
strong assumptions that: 
 1) the aggregate prices of food (rye and butter)
 
were exogenously determined in Sweden and 2) 
relative food prices, given
 
wage rates, do not influence fertility decisions 
(i.e., 
the utility function
 

is strongly separable 
in food and family size).
 

4. 
 One reason that the child wage elasticity estimates may understate
 
the true elasticities is 
that they may be influenced by the supply of child
 
labor. 
 In areas where schooling rates 
are low, so that relatively more
 
children are working, wages may be bid down; 
 similarly, where fertility is
 
low, and thus the relative number of young people relatively low, child wage
 



rates may be high. The estimates reported in Table 1 assume that most of
 
the variation is child wage rates is due to spatial differences in the
 
demand for labor. In Rosenzweig and Evenson (1977), 
the possibility that
 
higher fertility rates or lower school enrollment rates might lower area
specific child or adult wage rates was taken into account in a simultaneous
 
equations analysis of Indian district-level data using such variables as
 
rainfall and industrial infrastructure to 
identify wage effects. 
The
 
elasticity of child wages for female school enrollment was 
-2.02, but that
 
for boys could not be precisely estimated because of collinearity in that
 
equation between the wage rates of children, adult females and adult males.
 
5. 
 In Rosenzweig (1982b), cross-sectional differences in school
 
enrollment and in fertility between IADP and non-IADP farm households in
 
1970-71, net of male, female and child wage effects, were shown to be
 
statistically significant.
 

6. 
 Wolpin (1983) formulates and estimates a dynamic stochastic model of
 
fertility incorporating survival risk which calls into question the simple
 
replacement hypothesis.
 

7. Evidence 
on responses by parents 
to the individual endowments of
 
children is presented in Rosenzweig (1986) and Rosenzweig and Wolpin
 

(forthcoming).
 

8. 
 The Rosenzweig-Wolpin (1986a) study of the effects of family planning
 
on child development in Laguna, Philippines that did attempt to take into
 
account the endogeneity of program placement found that results were
 
sensitive 
to whether or not placement was 
"controlled for." 
 The "corrected"
 
estimates indicated, however, that among children less than six years of
 
age, those living in families fully exposed to a local family planning
 
clinic were only 3.4 percent heavier than children residing in an area with
 



no family planning clinic.
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Population Growth and Human Capital Investments: Commentary
 

Sherwin Rosen
 

University of Chicago
 

I've noticed a tendency for demographers to rationalize their
 
abysmal population predictions by stating that they do no worse than
 

economists' macroeconomic forecasts. 
Economics is finally influencing
 

demography! But economists are far more concerned with studying the
 
determinants of behavior than with unconditional forecasts, and this too
 
seems 
to be influencing demographic thought about the pros and cons of
 
population size and growth. 
Rosenzweig presents a useful overview of
 
economists' search for behavioral structure in fertility and human capital
 
investment decisions. 
He asks whether this line of empirical work supports
 
recent developments in neomalthusian growth theory. 
Though some systematic
 

behavioral regularities are apparent in the work surveyed, 
he concludes
 

that the observed effects are 
too small to have much bearing on these
 

theories.
 

I accept this conclusion as a correct inference from his analysis,
 
but hazard the opinion that the work reviewed here is somewhat narrowly
 

focused by a highly structured theory and by placing heavy and to some
 

extent questionable demands on the quality of available data in its
 
econometric methods. 
 Certain tests of the theory certainly withstand this
 

kind of assault, but nonetheless both factors limit the applicability of
 
these results to the broader macro time-series questions and observations
 

from whence much of the interest in this area of social science is derived.
 
Perhaps further progress will be made by paralleling our effort at micro
data structural modeling with a somewhat "lower road" approach that widens
 
the empirical net of evidence to be considered and that is less constrained
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by a tightly specified structure. 
 Surely there are many ways of gaining
 
insight and improved understanding of empirical phenomena in this area.
 
Rigorous structural model estimation on individual household data is only
 
Qne among many ways of gaining improved understanding, and long experience
 
shows that it is a road with some pitfalls. Judging from some of the tone
 
and style of this paper, perhaps it would be well for economic demographers
 
to consider wider varieties of evidence, however impure, and learn what they
 
can from them. 
Both the available theory and data seem to me to point in
 

these directions.
 

First consider the theory as laid out in section 1. Nonlinearities
 
are essential to the problem, but raise many red flags in my mind for
 
literal structural interpretation and 
.timation. 
Who would take the
 
simpler static consumer theory as a literal description of individual
 
behavior rather than of a kind of average behavior? More important, the
 
time-frame of decisions in these problems run on the scale of generations,
 
yet little attention seems to be paid to the intertemporal measurement of
 
prices and constraints in the empirical work. 
This seems crucial to testing
 
and estimating a decision structure where such long lags are involved:
 
structural interpretation of the estimates is a bit shaky without close
 
attention to these matters. 
In practice it 
means that the model must be
 
tested in a relatively stationary environment (little intertemporal
 
variation in relative prices) where most of the informative variation comes
 
from cross-section differences in exogenous variables. 
Rosenzweig does not
 
make the case 
that these conditions are met in the studies reviewed here.
 
But even if it is, the differences between time-series and cross-section
 
results in many other areas of applied economics gives one pause in applying
 
these results to natural time-series experiments. 
The timing and occurence
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of the demographic transition are among the most interesting phenomena to be
 
studied in the development context. 
That these transitions have occurred in
 
many countries is beyond dispute, yet the results reported here are too
 
sjmall to be reconciled with those events 
(insofar as 
they bear on them at
 
all). Presumably something could be learned by directly studying some of
 
these episodes on a more macro 
(and if need be less structural) basis. 
The
 
effect of the green revolution in the Punjab 
seems 
like a good case in
 

point.
 

A similar point could be made about the estimated effects of child
 
wage rates on fertility and human capital investments. 
 Economic development
 
is associated with decreases in fertility and in labor force participation
 
rates of children, and with increases in school enrollment rates. If one
 
didn't already know that, the evidence in table 2 would not exactly lead a
 
person to think it might be 
so. 
 Perhaps part of the difficulty with this
 
evidence is that the wage rates of adults also vary in these data and the
 
variation may not be sufficiently independent to provide sharp evidence on
 
the partial effect that is being sought here (as is hinted in some of the
 

footnotes).
 

It is not made so clear in the paper that the extensive
 
investigations of the pure biological effects of fertility on children's
 
human capital is 
a research problem defined by noneconomists, and presumably
 
by hardhatted Malthusian population control proponents. 
Surely the most
 
direct evidence on these matters would come 
from experiments on nonhuman
 
populations and by general biological knowledge, where these effects are
 
apparently so small at the frequency and birth intervals acr 
ally
 
experienced by human beings as to be safely ignored. 
If the economists had
 
found big effects here, who would believe the results other tharn those who
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are committed to a strong Population control agenda? 
And who among those

who are so committed will believe the findings of trivial effects?
 

The section devoted to the effects of unwanted births on resource
0llocation is much more interesting for Malthusian and economic theory. 
Yet
here too the effects are difficult to find with these micro data sources.
 
As Rosenzweig points out, the evidence in table 4 on the influence of state

family planning expenditures 
may be affected by the political process

whereby clinics and family planning centers are situated. 
And the results
 
in table 5 using the twin method rest on a rather delicate statistical
 
procedure and a small number of observations. 
 It's not surprising that the
effects are small and imprecisely estimated. 
The results in table 6 are
somewhat better, but in large measure reflect the other side of female labor

force participation and labor supply studies that have proliferated 
over the
 years. 
 Still, the economic effects found seem very small. 
Readers would

like to have more detail 
as 
to whether they are worth worrying about. 
 Once
again, however, we observe large scale macro events that would seem to be
 very informative abuut this kind of problem. 
The disturbing accounts of the

"liberation" of millions of small children associated with large scale
 
migrations of rural families to major urban centers in Brazil is a case in
point, and if true, call for extensive study whatever the potential for
 

testing theory.
 

Finally, the section on externalities and family planning subsidies
 
seems limited by the presumption of an external effect whose empirical

importance is not clear to uninitiated readers. 
 Greater effort should be

taken to spell out the precise content of the positive externality in

equation (15). 
 The residential and school segregation by wealth that is

observed in so many Western societies does not seem very conducive to the
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idea on which this model is built. Evidently many people see negative
 

externalities across family status and wealth, so clarification is needed.
 

The model also ignores the main reason why public subsidies to education
 

have occurred: human capital cannot legally serve as collateral in the
 

modern world and many families do not have the resources to secure these
 

investments themselves. 
 Surely public education goes a long way toward
 

repairing these kinds of capital market imperfections. The optimality of
 

family planning subsidies would also seem to require establishing the
 
utilitarian basis on which the analysis should rest. 
 Does it take the point
 

of view of parents who make these decisions or of children who might have
 

desired a different outcome than their parents chose for them? 
While these
 

kinds of questions 
can be ignored in a %oasian world with perfect contracts,
 

the impossibility of children contracting the conditions of their bi.rth with
 
their parents makes the point important to any welfare analysis of fertility
 

control and human capital investment policies.
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Comment on "Population Growth and Human Capital Investment: Theory 
and Evidence" by Mark Rosenzweig 

Rosenzweig's paper is a synthesis of eleven papers either solely authored by Mark 
or written jointly with one of three co-authors, Bob Evenson, Paul Schultz, and Ken 
Wolpin. Each paper describes a significant empirical exercise, so the combination is truly
impressive. I like people who are willing to get their ha&ids dirty with dita. I like people
with substantive interests who pursue a problem through more thar. one phase with a 
reasonable amount of data. As something of an outsider, I am also attracted to the issues 
linking population growth and economic developmenL. 

There is a substantive theme to Mark's paper. He begins with the well-known, cross
country association between the level of income, population growth and schooling and 
asks what causal inferences ought to be drawn. There are Onethree main questions. 

is whether numbers and schooling of children respond 
to variations in child wage rates 
in developing countries. Another is whether child weight at birth is sensitive to fertility 
rates. Finally, he addresses responses to changes in the costs of contraception. These 
are the narrower empirical topics that arise in the context of broader, more fundamental
 

issues.
 

Like all empirical work, there are questions about each result whose answers require
the details of the original papers. The papers fall into a pattern. We begin with a 
simple correlation such as the one between schooling and numbers of children. There is a 
discussion giving reasons that the observed association might be either causal or spurious, 
and the discussion is followed by an estimation step that controls for confounding variables 
and/or corrects for simultaneity bias. The adjusted or clarified correlations have the same 
sign as the simple correlations, but the magnitude of the "true" responses is smaller than 
is shown by the simple relationship. Thus there are no surprises where partihl correlations 
that reveal economic behavior differ in sign from the simple correlations. Readers will be 



impressed by the sheer magnitude of the work that is described, by the author's ingenuity 
in finding procedures or variables that eliminate potential bias, and by the consistency of 
relations across countries and data sets. 

There is also a methodological theme. Unlike the substantive theme that conptitutes 
the main part of the paper, the methodological theme detracts from the contributions. 
Empirical relationships will always be subject to conflicting interpretations and this is 
especially true of the non-experimental data of economics. For studies in economic devel
opment where institutions are less familiar to analysts than for studies of the U.S. cconomy 
and when, rightly or wrongly, data quality is often suspect, I believe that emphasis on 
narrow structural relationships is misplaced. 

The methodological theme is first that there is a dominant research strategy. Second, 
that strategy is to avoid simultaneity bias regardless of costs. I do not believe there is a 
dominant strategy. Data are messy. We can learn from simple summary and, possibly 
but less probably, from severe crunching as well. 

There are two Coase theorems. One is well-known, but both should be. The second 
theorem is that data will confess to anything if you torture them long enough. This is 
not a comment by a large sample statistician, but it is believed by all theorists and by 
empiricists describing the work of others. 

Mark's procedures rely heavily structure andon use instruments whenever a scent 
of simultaneity is perceived. If we infer preferences from behavior, we will conclude that 
Mark's empirical utility weights consistency much more than efficiency. That's his method 
and it is fine for his work. My objection is to the dogmatic stance that this strategy is 

dominant. It is one among many. 

Begin with the introductory assertion that "[eJvidence cannot be interpreted without 
a theoretical framework." While the truth of this proposition may be transparent, one 
wonders where the theories came from originally. To my mind, a more correct statement 
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would be that there is a dialogue between theory and data in which they are mutually 
informative. Certainly there is more to empirical work than testing theories. Do you 
suppose that Newton ignored all those apples 'intil he developed the theory of gravity? 

Later, there is the longish comment: 
Testing proposition (a) requires, first, that there be a clear prediction with respectto the influences of a variable characterizing the economic environment and, second,that the variable be measurable and vary exogenously to family size and human
capital decisions. 

Proposition (a) is the one saying that population growth and human capital invest
ments reflect the economic circumstances of a country. Although it is not explicit, I read 
it as saying that there is one-way causality from wealth to population growth and to 
investments in human capital. The tests that are described refer to three studies (two for 
India and one for the Philippines) in which the wage rate of children is used to explain 
school enrollment and fertility rates. My objection is to both the first and second parts 

of the quote. 

It is in fact only an amplification of the original view that models rather than data 
are what gets analyzed. You can't reject a theory that makes ambiguous predictions, 
but you clearly can learn about empirical relationships. Suppose the theory of gravity 
initially posited a gravitationa pull both by the earth ana its moon. The source of the 
pull was not initially known, so the theory might not have predicted that the earth would 
dominate. In this case the theory would be that if an apple's stem were disconnected 
from its branch, A inight either fall (the earth's pull wins) or fly away (the moon wins). 
The Rosenzweig method in this case would be to polish the theory before the apple. Yet 
science would probably have advanced lust as rapidly had the theory set out to explain 
the empirical observation that apples fall. 

The presumption that one only examines empirical relations when theories are un
ambiguous is used by Mark to rule out an examination of changes in school enrollment 
rates to increases in rates of return to investments in schooling. In this case an income 
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effect potentially confounded a substitution response to a price change. At this point, 
even Mark broke rank and noted in passing that in India during the Green Revolution it 
appeared that returns to schooling and school enrollment rates had increases together. 

The second point in the quote is that one examines only those relationships where the 
direction of causality is clear. If this were rigorously followed, almost all empirical work 
in economics would stop. As an example, consider the only empirical case Rosenzweig 
was willing to examine for proposition (a). In this case the presumed exogenous variable 

is the child wage rate. 

Each of the studies cited is cross-sectional based on area-average observations for parts 
of a country. We are not told why the wage is high when it is high. Might it partially 

reflect the availability of child labor? Nor are we told how the wage is denominated. 
High relative to what? If they are high relative to adults because the adults have littie 
education, would it be surprising to find that when the child wage was high, school 
enrollment rates of children are low? And is this a wage response or just an example of 

children following their parents? 

My point is not that Rosenzweig's simultaneity concerns are too relaxed. It is that the 
simultaneity game goes on forever. It is a legitimate concern, but it is not an excuse to 
do nothing. I am delighted that he and his coauthors went on to examine the empirical 

relation. 

In closing, there are two sides to this paper. The substantive one is a compilation of a 
decade of empirical work on related issues. The combination is outstanding. A secondary 
theme is the running commentary describing how one analyzes data. I find his suggestions 

narrow and restrictive. 

Finis Welch 
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Abstract 

This growth model is driven by an endogenous process of discovery, innovation, 

invention, and refinement. Human capital is assumed to be the key input in the research 

technology that produces these components of technological change. The equilibrium is 

one with monopolistic competition, since firms must charge a price that is higher than 

marginal cost to recoup fixed investments in research. The main conclusions are that the 

stock of human capital determines the rate of growth, that too little human capital is 

devoted to research, that integration into world markets will increase growth rates, and 

that having a large population is not sufficient to generate growth. 



According to data for the United States presented in Maddison (1982), the output 

produced today by an hour of work is ten times as valuable as the output that was 

Since at least the work of Solow (1957),produced by an hour of work 100 years ago. 

economists have attributed much of this growth to technological change, and from a naive 

point of view this seems reasonable. The basic raw materials that we combine to yield 

utility are the same as they have always been, but by a process of trial and error, 

experimentation, refinement, and inspiration, the instructions that we follow for combining 

these materials have become vastly more sophisticated. One hundred years ago, all we 

could do to get visual and intellectual stimulation from iron oxide was to make it into 

pigment and spread it on fibers that are woven into canvas. (Canvas was itself an big 

Now we know how to spread iron oxide on long reels ofimprovement over cave walls.) 


plastic tape and use it with copper, silicon, petroleum, iron, and assorted other raw
 

materials that have been mixed together to make television sets and video cassette
 

recorders. It is true that implementing new sets of instructions for combining raw
 

materials always takes additional physical capital and additional training for workers, but
 

it is the instructions themselves which have changed most dramatically over the last 100 

years. 

The growth model in this paper is based on the prrise that technological change

improvement in the instructions for mixing together raw materials-is at the heart of 

In many ways, the model is similar to the original Solow (1956) modeleconomic growth. 

with technological change. Technological change provides the incentive for continued 

capital accumulation, and together, capital accumulation and technological change account 

The model goes beyond the Solowfor most of the increases in output per hour worked. 

model in two respects. First, it adds a research and development sector which uses 

valuable resources to produce improvements in the technology, and in this sense it is a 

model of endogenous rather than exogenous technological change. Second, in the 

description of the output produc;ng sector, the model makes an attempt to capture Allyn 
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Young's observation (1928) that "an increasingly intricate nexus of specialized 

the consumer of 
undertakings has inserted itself between the producer of raw materials anrc 


the final product." Cave painting was a do-it-yourself proposition, and even 100 years ago,
 

the chain of individuals and firms that intervened between the collection of pigment and
 

fibers for canvas and the sale of a painting was relatively short and simple. Today, a
 

consumer of home videos takes advantage of the work of tens of thousands, perhaps
 

hundreds of thousands, of specialized workers and firms spread all over the globe. 

Growth in the model presented here can be described in terms of an aggregate, 

Viewed from this perspective,reduced form production function like the one Solow used. 


the model is consistent with the standard accounting framework for the analysis of growth.
 

However, what underlies this reduced form view of the economy is a large number of 

What is hidden 
specialized firms, each with its own unique role in the production process. 


by the aggregate perspective is that growth takes place in large part because of increases in
 

the number of firms and in the number of specialized inputs in production.
 

The notion of a fixed cost is the link between the explicit research sector in this 

model and the process of growth driven by the introduction of new inputs in production. 

Investments in technological change have an inherent fixed cost chp..acter; the cost of
 

finding a better set of instructions is unrelated to how many times the instructions are
 

used. Fixed costs also are crucial to understanding what determines the number of 

Without the fixed 
specialized inputs in production that are available at a point in time. 

The 
costs, one would expect all conceivable inputs to be available right from the start. 

fixed costs lead to a form of increasing returns at the aggregate level, and as one should 

expect from the static theory of trade with differentiated goods (see for example Helpman 

and Krugman 1985), they lead to gains associated with size, and therefore to gains from 

trade between different countries. One of the novelties of the analysis here is that it 

As a result, it shows 
focuses on a dynamic model with differentiated inputs in production. 
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how trade policy can have permanent effects not only on the level of welfare, but also on 

the rate of growth. 

The analysis also suggests why population is not the right measure of size, and why 

the presence of a large domestic market in countries like China or India is not a substitute 

What matters for the rate of growth of the technology
for trade with the rest of the world. 

is the stock of specially trained human capital that can be used in research, not the stock of 

In a closed economy, the growth rate is increasing in the stock of human raw labor. 

capital, but it does not depend on the total size of the labor force or the population. If the 

If two closedstock of human capital is too low, growth may not take place at all. 

economies become integrated through free trade, the rate of growth in each will increase. 

These kinds of implications of the model are taken up briefly in the final section of 

the paper. Section 1 begins by defining the variables that are used in the model and 

A key task is to make a distinction
describing how they might be matched up with data. 

between knowledge that should be ascribed to human capital and knowledge that should be 

attributed to the technology. The basis for this distinction is whether the knowledge is 

embodied in an individual or instead is of a kind that can be captured in a form that exists 

(Note that this use of the notion of embodiment is quite
outside of any individual. 

common with, the older notion of technological change that
different from, and has little in 


Throughout this paper, "embodied"

is embodied in a paticular vintage of capital goods. 

means embodied in a person.) Human capital skills like those of Auguste Renoir or Claude 

are for the most part embodied in individuals. They cannot be exploited without
Monet 

In contrast, the 
the consent of the individual, and they disappear when the individual dies. 

the technology is a list of instructions that are disembodied in the sense that they can be 

written down on paper. Even if every engineer who had worked on VCR design were to 

die, and if all production facilities for VCR's and all existing VCR's were destroyed, new 

VCR's could be produced in a matter of months from electrical and mechanical designs 

that exist on paper. As is quite clear from the experience with video tape recording (a 

'V
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technology developed by a firm in the United States, refined by firms in Japan, and copied 

by firms in Korea), a technological innovation can be copied -nd used without the consent 

of the developer. Legal and social arrangements may be instituted to limit the 

wauthorized use cf disembodied knowledge, but this does not change the fact that the 

technology for replicating disembodied knowledge is very different from that for replicating 

embodied human capital. 

Knowledge that is embodied in people raises no special problems for economic 

analysis, but disembodied knowledge poses a fundamental challenge. Because of thp fixed 

cost elements noted above, disembodied knowledge unavoidably leads to non-convexities in 

production. This observation lies at the center of the analysis that follows, but it is more 

general than the particular model that is used in this paper. Section 2 therefore digresses 

into a discussion of the issues that arise in any model where disembodied knowledge affects 

These issues have been noted many times before, but they areproduction possibilities. 

Thereworth reiterating, for they have not yet been fully addressed in models of growth. 

are many models that follow Solow in allowing for disembodied knowledge that evolves 

On the other hand, Arrow (1962a) and Romer (1986) consider models whereexogenously. 

knowledge evolves endogenously but is intrinsically bundled with physical capital. 

Becker and Murphy (1988), and othersSimilarly, Lucas (1988), King and Rebelo (1987), 

have followed the lead of Uzawa (1965), allowing for the endogenous accumulation of 

All of these kinds of models preserve priceknowledge that is embodied as human capital. 

taking behavior, but the discussion in section 2 suggests that this is precisely what must be 

abandoned in a model that allows for knowledge that is disembodied and that evolves 

endogenously. 

It specifies theSection 3 describes the specific model that is presented in this paper. 

functional forms that are used to describe the preferences and the technology for the model, 

and it specifies an equilibrium concept with both monopolistic competition and 

Section 4 offers a brief intuitive descriptioni of aexternalities from knowledge spillovers. 
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balanced growth equilibrium for the model. Section 5 formally characterizes the 

equilibrium and compares it to the social optimum that could be achieved by ar 

appendix.omniscient, omnipotent planner. Algebraic details are placed in an 

1. Inputs in Production 

A growth model always consists of a list of inputs that are used in production, 

together with a specification of how additional amounts of these inputs can be 

accumulated. The model here relies on all four of the inputs that have been used in 

L, human capital H, andmodern models of aggregate growth: physical capital K, labor 

A. This input list is the minimal list thatthe technology, or disembodied knowledge, 


allows a theory of growth to take advantage of the insights from growth accounting, labor
 

economics, productivity analysis and the study of research and development. An analysis
 

that took agriculture seriously would add land to the input list, but the arguments here
 

will implicitly focus on non-agricultural output and neglect land. For the theory to be 

sooperational, these variables must at least in principle be susceptible to measurement, 

Because human capital andsome discussion of how they could be measured is called for. 


the technology have been given various interpretations in different models, a discussion of
 

measurement also helps clarify how these concepts are used in the model proposed here. 

can be measured as it is in studies of growth accounting. InPhysical capital K 

crude applications, it is simply the result of cumulating aggregate investment from national 

anincome accounts and making an allowance for depreciation. In more refined analyses, 

index describing growth in capital can be formed by weighting the rates of growth for 

different types of capital like structures and equipment. In principle, the argument in the 

production function should be the flow of services from capital rather than the stock of 
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In practice, it is assumed that the service flow will be proportional to the stock ifcapital. 

it is measured correctly. 

are a measure of skills like eye-hand coordination that areLabor services L 

As in the case of capital, it is possible toavailable from a healthy physical body. 

distinguish the stock of bodies in the labor force from the flow of labor services provided by 

those bodies. In applications, labor services provided are measured over an interval of time 

and therefore have units of hours times bodies, i.e. man-hours. In an abstract model posed 

can be taken to be the stock of bodies times the average fraction of
in continuous time, L 

time spent in the labor market. 

H is intended as a measure of the cumulative effect ofAs used here, human capital 

Human capital is assumed to be
activities like formal education and on the job training. 

Like physical capital, human
embodied in the sense that it disappears when a person dies. 

can be measured indirectly through observations on investmentcapital is a stock that 

In the economy as a whole, it has units like total man-years of education.expenditures. 


Measured over any interval of time, the service flow from human capital that is devoted to
 

production will have units of hours times man-years of education. In a continuous tim.
 

model, the argument that appears in a production function will be the total stock of human
 

capital, measured in terms of total man-years of education, times the average fraction of
 

time this stock is devoted to the production acti-ity. Although it is measured in units of
 

man-years of education, human capital can be acquired in other ways, for example through
 

on the job training, so years of on the job training would have to be aggregated with years
 

of schooling. In practice, this is done by using wage equations that estimate the relative
 

contributions of additional amounts of schooling and experience to the wages of an average
 

worker. 

H and L ar2 perfect substitutes and can
In some applications, it is assumed that 

be measured in common efficiency units, just as the estimates based on wage equations
 

implicitly assume that schooling and experience are perfect substitutes and can be
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measured in common units. What constitutes an appropriate degree of aggregation always 

depends on the uses to whicb a model is put, and for some purposes, aggregating H and L 

is a useful simplifying assumption. The model here treats H and L as different inputs to 

make explicit the idea that human capital is the important input in the research sector and 

that physical labor is an extremely poor substitute for it. 

One could argue that the input list used here is still too highly aggregated, and that 

for understanding Tesearch, schooling and experience should be treated as separate inputs, 

or even that schooling itself should be disaggregated into measures that separate years in 

college and graduate school from other forms of schooling. In some strict sense this 

observation must be corren'. It is not realistic to claim that two high school graduates 

ividual with 12 years of schoolinghave the same combined output in research as one .;. 

beyond high school, Lut the details of this extension are not pursued here. A rough 

distinction between physical labor and human capital will be sufficient to make the points 

that follow. 

The definition of human capital used here is fairly close to the one used in labor 

market contexts (e.g. Rosen, 1976 or Heckman 1976). It also corresponds closely to the 

practice in growth accounting applications that take account of changes in the quality of 

the labor force that are due to changes in observables like the level of education and 

or the discussion in Waldorf etexperience. (See for example Gollop and Jorgenson, 1980, 

However, it is a more limited notion than that used in theoretical models ofal, 1986.) 


growth based on unlimited human capital accumulation like Lucas (1988), King and Rebelo
 

(1987), Tamura (1987), and Becker and Murphy (1988). These models assume that human
 

capital can grow withcut bound in a stationary population, so it refers to a broader concept
 

that cannot be measured merely in terms of years of education or experience. Because of
 

demographic effects, these me.zsures must be bounded in a stationary population. In the
 

steady state considered for the model here, individual agents implicitly go through a life
 

cycle, acquiring human capital early in their careers, ceasing to acquire later, and
 



eventually dying. Losses due to deaths will just balance increments due to training by the 

young. Aggregate human capital i emains constant. Human capital measured in this way 

dearly cannot capture the accumulation of knowledge noted in the introduction. 

The analysis here uses the variable A to capture the accumulation of disembodied 

knowledge such as the instructions for recording images on magnetic tape. Like K, A is 

an input that can be accumulated indefinitely on a per capita basis. Examples of 

disembodied knowledge include scientific laws, principles of mechanical, electrical and 

chemical engineering, mathematical results, software, patents, designs, blueprints, and 

anything else that has productive value that one could find in the Library of Congress, or 

the Patent Office. 

In principle, it would be possible to use information about the market value of all 

new contribution. to the stock of disembodied knowledge to construct an index of growth 

in the aggregate stock of knowledge but doing so would require data that are not currently 

available. In practice, all an empirical economist can do is to follow an analog of the crude 

method suggested for constructing a capital aggregate, measuring cumulative investment in 

the production of disembodied knowledge. This process of measuring inputs into the 

research process rather than outputs has been implemented empirically in the literature on 

the effects of research and development spending on industry or firm level productivity. 

(See for example Griliches 1986.) It can also be cross checked with indicators of research 

output like the number of patents grar ted. Because there is a large element of chance in 

the production of new knowledge, research inputs for any given firm will not be a perfect 

measure of knowledge outputs, but at an aggregate level and for long time intervals, 

complete data on inputs devoted to-research should be adequate to form a proxy for A. 

Unfortunately, it is likely that much effort devoted to small refinements of existing 

products and processes does not get captured in aggregate statistics on research and 

development. This is especially likely to be true of work that takes place in small firms, so 
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even with a strategy of measuring inputs into research and development, there is much 

room for improving the available statistics. 

Just as some analyses do not distinguish between labor and human capital, growth 

models that rely on unbounded human capital accumulation implicitly combine human 

capital as measured here with disembodied knowledge. For the analysis of some issues (e.g. 

the correlations between fertility and income considered in Tamura 1987, and Becker and 

Murphy 1988), the distinction between disembodied knowledge and embodied human 

capital may not be particularly relevant, and in these cases combining the inputs is a 

reasonable simplification that is analogous to the aggregation of structures and equipment 

in a single capital stock aggregate. 

As noted in the introduction, the key motivation for distinguishing disembodied 

knowledge from its embodied counterpart is to emphasize the implications that 

embodiment has for feplication. After spending $25,000 to $30,000 and 2 years to attend 

business school, the recipient of an MBA degree need not be concerned with the possibility 

that a co-worker will be able to copy the knowledge acquired in business school and earn 

the same wages without incurring the costs of schooling. Similarly, an employer cannot 

hope to purchase one set of MBA skills and then copy them as needed. It is not 

technologically feasible to copy embodied human capital at a cost that is less than the cost 

of producing it. On the other hand, when a firm like Intel spends $100 million on the 

development of a new microprocessor, the result is a piece of disembodied knowledge that 

can be copied at a cost that is trivial compared to its production cost. No matter how 

many actual copies of the microprocessor Intel produces and sells, no further investment is 

required. For the arguments that follow, this possibility of essentially costless replication 

is the key distinguishing feature of disembodied knowledge. 

Aside from its theoretical importance, the notion of disembodied knowledge ray 

also be essential to explaining magnitudes found in the data from firm and industry 

productivity studies and from growth accounting. For example, between 1950 and 1979, 
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Japan increased total output and the capital stock by a factor of 10. Hours worked grew 

by a factor of 1.5. (TLe data are taken once again from Maddison, 1982.) If the share of 

capital in total income is around 0.3, then after correcting for capital accumulation, there is 

a six fold increase in output per hour worked that is left as an unexplained residual. There 

is very little prospect that the rate of growth in measurable attributes of the labor force 

like schooling or experience can explain this increase. To understand this rate of growth, it 

is not enough to observe that it has a good educational system and a high quality work 

force; it is necessary to explain why the quality of the work force has grown by roughly 6% 

per year for 29 years. This would imply that one worker in Japan in 1979 is equivalent to 

six workers in 1950. 

It is sometimes argued that it is impossible to distinguish disembodied knowledge 

from human capital because some amount of human capital must be applied before 

knowledge on paper can be put to productive use. The observation that human capital is 

essential is correct, but it is also true that physical capital and labor are both essential in a 

conventional Cobb-Douglas production function. It is still useful to treat them as separate 

inputs, for this lets a theorist consider issues like the effects of differences in factor 

intensities in different industries. The distinction between human capital and disembodied 

knowledge serves the same purpose. 

2. Increasing Returns 

Before setting out the specific formal model that is used here, it is useful to consider 

the general implications of disembodied knowledge. Allowing for costless replication (or 

equivalently, allowing for goods that have a large fixed cost and negligible marginal cost) 

means that one is forced to work with some equilibrium concept other than perfect 

competition. The discussion in this section is heuristic and does not refer to a formal 
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model. The ideas here are embedded in the formal model in the next section and the 

observations made here can be rigorously established in that model, but they are more 

For earlier discussions of these ideas and representations in thegeneral than that model. 

context of other formal models, see Arrow (1962b), Shell (1967), and Wilson (1975). 

The basic thought experiment relies on the notion of replication. Essentially, one 

would like to argue that it is possible to double output by doubling the inputs K, L, and 

A. That is, without doing any additional research andH, holding constant the stock of 

development or introducing any new goods, sla'ishly replicate all existing productive 

In so A,-ing, it should be possible to double the output produced. Thus, aactivities. 


reduced form aggregate production function that relates total output to the quantities of
 

the aggregate inputs that are used will be at least homogeneous of degree 1 in the variables
 

K, L, and H. If A has productive value, an aggregate reduced form production function
 

that includes A as an argument cannot be homogeneous of degree 1; a doubling of K, L,
 

H, and A will more than double output. Whether it is actually possible to double all
 

factors of production has no bearing on this thought experiment. If land were included as a
 

factor, it clearly would not be possible, but the thought experiment is still a reliable guide
 

to the mathematical form of the aggregate production function. 

This thought experiment can be performed more concretely at the level of a 

Suppose that over the life time of the computer industry, say fromparticular industry. 


1950 to the present, one had doubled all of the resources that were used in this industry.
 

Some of these resources were used to produce output, others, were devoted to research and 

development. Suppose first that the replicated set of productive resources were put to 

work along side of the orginal resources, but that the replicated set of research inputs were 

left idle. Merely by reproducing every productive activity at every point in time, using the 

avaliable technology, it should be possible to double the amount of computer power that 

Now suppose that the second set of research inputswas produced at every point in time. 


had also been put to work, making improvements in software, computer designs,
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semi-conducting devices, and memory storage devices. Unless innovation is completely 

unresponsi.-e to the resources devoted to it, discoveries should have taken place more 

rapidly and the quantity of computing power produced at every point in time should have 

been more than twice the amount that was actually produced. 

In a model with perfect competition, the division of total income between different 

factors of production can be inferred by taking derivatives of an aggregate production 

function and multiplying the derivatives by the quantities of the aggregate inputs. In the 

standard analysis, national income Y = F(H,L,K,A) is split between payments to raw 

labor, I, payments for additional education and training H'M' and payments to 

physical capital K . If F is homogeneous of degree 1 in H, L, and K, as the 

replication argument suggests it must be, this exactly exhausts total income, leaving no 

way to compensate the factor A. Thus, in the Solow model, F is allowed to depend on 

A, but A is assumed not to receive any compensation in the market place. (It could 

receive compensation from a government through something like the National Science 

Foundation.) From the point of view of market incentives, the evolution of A is therefore 

taken to be exogenous. 

Although it is not typically described in these terms, the Solow model can be 

thought of as a model of competitive equilibrium with externalities arising from knowledge 

spillovers. The factor A receives no compensation, and every individual firm is assumed 

to be free to exploit the entire stock of A. That is, its effects are purely external. In an 

attempt to make the evolution of A responsive to market incentives, Arrow (1962a) and 

Romer (!986) assume in effect that any increase in K necessarily leads to an 

equiproportionate increase in A. These papers preserve the assumptions that an increase 

in A has benefits that are purely external and that A receives no direct compensation. 

This kind of formulation has the advantage that it makes the rate of accumulation of A 

endogenous, but it is unsatisfactory because it takes the strict proportionality between A 

and K as an exogenously given and unexplained feature of the technology. This 
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formulation also rules out the possibility that firms make intentional invesments in 

research and development. Since an increase in A from whatever source has the same 

effects on the production possibilities of all firms in the economy, no firm has an incentive 

(Dasgupta and Stiglitz 1988,
to make costly investments in the production of knowledge. 

emphasize this point, that learning-by-doing models with many firms cannot allow any of 

the returns from learning to be private. If they were, a decentralized equilibrium with 

many firms would not be possible.) 

The model in Romer (1987,1988a) offers an alternative framework wherein firms do 

make intentional investments in research and development and do capture private benefits 

Instead of relying on external increasing returns, the analysis
from these investments. 


permits internal increasing returns at the level of individual firms. This is consistent with
 

the presence of large numbers of firms in equilibrium because firms produce goods that are 

The model builds on the analysis of monopolistic competition in 
not perfect substitutes. 

and is closely related to the model of
the supply of intermediate inputs in Ethier (1982) 

patents in Judd (1985). 

The model in Romer (1987, 19S8a) shv,'s how monopolistic competition can be used 

as an alternative to learning-by-doing and competition with externalities, but it has several 

It does not allow for any kind of spillover associated :ith knowledge. It uses
weaknesses. 

an implausible form of production in the research sector, assuming that consumption goods 

can be converted on a one for one basis into new knowledge. Because it fails to distinguish 

between human capital and labor, the model also shares the unattractive feature found in 

many models of growth with specialization or increasing returns: growth rates are
 

The

monotonically increasing in the population or population density of a country. 


extension described in this paper shows how the introduction of human capital can lead to
 

more satisfactory results.
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3. Description of the Model 

The formal model consists of an economy with three sectors. The research sector 

uses human capital and the existing stock of knowledge to produce new knowledge. This 

knowledge can be interpreted as designs for new intermediate inputs in production. An 

intermediate goods sector uses the designs from the research sector together with capital to 

produce the large number of intermediate inputs that are available for use in final goods 

production at any point in time. In practice, one might expect research on a new design 

and the production of the new good to take place within the same firm, and nothing in the 

analysis here rules this out; design work can either take place internally, or in a separate 

firm that sells the patent to the firm that will produce the actual good. A final goods 

sector uses labor, human capital, and the entire set of intermediate inputs to produce 

output goods. Output can either be consumed or saved as new capital. 

Because the goal is to produce a simple dynamic model that can be used to highlight 

the role of disembodied knowledge in growth, the analysis is ruthless in its use of 

simplifying assumptions. The first assumption is that the population and the supply of 

labor are both constant. This rules out an analysis of fertility, labor force participation, or 

variation in hours worked per worker. The second assumption is that the total stock of 

human capital in the population is fixed and that the fraction supplied to the market is 

also fixed. Thus, the supply of the aggregate factors L and H is fixed. The assumption 

on H is partly for technical reasons. Under the definition of human capital eamployed 

here, the stock of human capital measured in units of man-years of schooling must be 

bounded if the size of the population is fixed. The dynamic analysis is greatly simplified by 

restricting attention to equilibria with constant growth rates, and the only feasible 

constant growth rate for H is zero. 

As noted in the introduction, the premise of this paper is that growth in per capita 

income springs ultimately from technologicai change, and the intention here is to focus on 
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this effect. However, there is no question that the labox force participation rate, the 

fertility rate, and the levels of education and labor force experience show important 

variability across countries and over time, and any serious empirical work on growth must 

ultimately allow for this kind of variation. Conceptually, there is no problem in combining 

the features from this model with those of models like Tamura (1987) or Becker and 

Murphy (1988) that address these kinds of issues, but any explicit dynamic analysis will be 

much more difficult. 

The other simplifying assumptions are factor intensity assumptions that take the 

extreme form of exclusion restrictions. Thus, the plausible assertion that the production of 

new knowledge is relatively human capital and knowledge intensive is translated into a 

specification where only knowledge and human capital are used to produce new knowledge. 

Labor and capital do not enter at all. These kinds of restrictions will reduce the analysis of 

the dynamics of this system to a system of equations that can be explicitly solved using 

high school algebra. Presumably, a relaxation of these assumptions that preserves the 

factor intensity orderings used here r', -ild not change the basic dynamics of the model. 

The set of possible intermediate inputs is indexed by the non-negative half line P+. 

An input list is therefore a non-negative function x from E+ into P + with the property 

that the integral f x(i)di is well defined and finite. Let X denote the set of all such 
0 

functions. (Formally, ' is the positive cone in the space of absolutely integrable Lebesgue 

measurable functions.) Final goods output is defined to be a function 

y:R+ x XX----. that maps human capital H1, labor L, and a:i intermediate input'+ + 

list x into output of final goods. (H 1 denotes the stock of human capital used in this 

will denote the stock of human capital devoted to the researchproduction activity; H2 

sector.) The simplest interesting functional form for Y is an extension of the Cobb
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Douglas production function, 

(1) Y(H 1,L,x) = H"LlfoMx(i)l-a-fdi. 

This function is defined on an unusually large space of potential inputs, but it is a well 

behaved constant returns to scale production function. Because of the constant returns to 

scale, output in this sector can be described in terms of the actions of a single, aggregate, 

price-taking firm. Output can be consumed or saved as additional capital, so the evolution 

of capital is given by 

(2) K=Y-C. 

For a firm in the intermediate input sector, the production of a new intermediate 

input requires the acquisition of a design from the research sector. This represents a fixed 

cost in the sense that it must be incurred if any positive amount of an intermediate good is 

produced, but the cost is otherwise independent of the level of output. With one design, a 

firm is free to produce an arbitrary number of units of output. Production of these units of 

output also has a variable cost component; more capital is needed if more units are 

produced. Choosing functional forms that are as simple as possible, suppose that an 

indefinite flow of x units of an intermediate input can be produced with an initial 

investment in one design and with rix units of capital. (Strictly speaking, because of the 

assumption that there is a continuum of goods, these quantities must be measured per unit 

length of the half line +. Thus, producing intermediate inputs on an interval of length 

at the level x requires an initial purchase of I units of A and the use of /lIx umits of 

physical capital.) This kind of formulation is very close to that used in the discussion of 

patents in Judd (1985), which also uses a continuum of goods to study a process whereby 

I 
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Specifically, the model here 
new goods are introduced as new patents are produced. 

The key
co'responds to Judd's discussion of the case where patents are infinitely lived. 

difference is that Judd treats the differentiated goods as consumption goods rather than 

intermediate inputs and uses a form of exogenous technological change to generate growth. 

Under the first 
There are two equivalent interpretations of the intermediate goods. 

interpretation, the firm producing the intermediate good buys a design, purchases and 

installs capital, and produces a flow of intermediate inputs that is sold in a spot market. 

The language used in what follows will refer to this interpretation. The alternative 

capital
interpretation is that an intermediate input producing firm buys a design, buys raw 

in the form of forgone output, and converts this raw capital into a specialized capital good 

according to the design. These specialized pieces of capital then provide a stream of 

Rather than selling services at every point in time, these firms 
specialized capital services. 

can be thought of as leasing or selling the specialized capital. Under either interpretation, 

the analysis is simplified by assuming that physical capital does not depreciate.
 

grows by the amount of forgone consumption.

Thus, H and L are fixed, and K 

As noted above, 
It remains to specify the process for the accumulation of new knowledge. 

research output depends on the amount of human capital devoted to research. It also 

depends on the stock of disembodied knowledge that is available to an individual doing 

Hi to research and has access to an 
research. Thus, if individual i devotes human capital 

of the total stock of knowledge, the rate of production of new knowledge will 
amount Ai 

be b1i Ai where 6 is a productivity parameter. 

Although other assumptions about secrecy and property rights could be made, the 

equilibrium here will be based on the idea that anyone engaged in research has free access 

Thus, the output of individual i will actually be 61i A. 
to the entire stock of knowledge. 



Summing across all indiviCu.als, the aggregate stock of knowledge will evolve according to 

(3) = M 2A. 

At the aggregate level, H1 and H2 are related by the constraint 

Hi + H2 = H. 

The interpretation of these equations is that any individual can devote human 

capital to either the final output sector or the research sector. Implicitly this neglects the 

fact that L and H are supplied jointly. To take the equations used here literally, one 

must imagine that there are some skilled individuals who are endowed with zero physical 

coordination, and therefore can supply no labor. They invest instead in human capital and 

supply it to either the final goods sector or the research sector. In fact, as noted by Becker 

and Murphy (1988), factor intensity differentials between industries that use labor and 

human capital will lead to incentives for this kind of specialization in the supply of human 

capital and labor. 

It is important to emphasize that knowledge enters into production in two ways in 

this model. The stock of knowledge determines the set of intermediate goods that can be 

produced, and thereby has a direct effect on the output of final goods. The existing stock 

of knowledge also affects the productivity of human capital in the research sector. The 

equilibrium concept used in the analysis that follows is based on the idea that the owner of 

a design or a patent has property rights over its use in the production of a new 

intermediate good but not over its use in the production of new knowledge. If an inventor 

has a patented design on widgets, no one can make or sell widgets without signing a 

contract with the inventor. On the other hand, other inventors are free to spend time 
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studying the patent application for the widget and reverse engineer any widgets that are 

produced. In so doing, they may learn knowledge that helps in the design of wadgets and 

wodgets. The inventor of the widget has no ability to stop the inventors of wadgets and 

wodgets from learning from the design of a widget. 

At a theoretical level and in practice, there is always some ambiguity about what 

constitutes a new design for a different good and what constitutes a copy of an existing 

design. In the model, this ambiguity is artificially resolved by the form of the production 

function Y. This form implies that new goods are never close substitutes for existing 

goods since all of the intermediate inputs enter into production in an additively separable 

fashion. Although it greatly simplifies the analysis, this is not a realistic feature of the 

model. Nonetheless, the general results here should be robust to more careful modeling of 

the nature of the interaction between different specialized intermediate inputs. What 

matters for the results is that the production of knowledge confers some private benefits 

and some public or external benefits. 

Equation (3) shows that, the technology for producing A exhibits increasing 

returns; a doubling of A and of H2 will quadruple A. The presence of A in the 

equation for A is intended to capture the idea that someone doing research is not 

hampered or preempted by prior work; on the contrary, prior work increases the 

productivity of current research work. (In a letter to Robert Hooke, Isaac Newton gave the 

definitive description of this effect.: "If I have seen further ... it is by standing on the 

shoulders of giants." It might better be said that Newton was a giant standing on a large 

pile of pygmies, but there is no question that those who followed got to stand on his 

shoulders.) Like the role of A in the Solow model, A here has a purely external effect in 

the research sector. 

To fix notation for prices, let spot prices at any point in time be measured in units 

of current output, and let r denote the interest rate on loans denominated in goods. Let 
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PA denote the price of new designs, and let wH denote the rental rate per unit of human 

capital. Because goods can be converted into capita on a one for one basis, the spot price 

for capital is I and its ratO of return is r. Because of the assumption that anyone 

engaged in research can freely take advantage of the entire e'dsting stock of designs in 

doing research to produce new designs, it follows from equation (3) that PA and wH are 

related by 

wH = PA A. 

Associated with each i in R+, there iLa potential intermediate input producing 

firm. All agents other than the intermediate goods suppliers act as price takers in their 

input and output markets. Each of the intermediate input firms takes the spot price PA 

for designs, the price of I for capital goods, and the interest rate as given, but sets prices 

for output. Formally, each of these firms can be thuught of as setting a price 

p(i) E1R+ U {o} for output and producing to meet the demand. If a firm chooses p(i) = O, 

the demand is zero, and outputs and inputs are zero, so this is equivalent to a decision not 

to produce. 

Faced with a price list p(.) for intermediate inputs, the representative final output 

producing firm chooses a profit maximizing quantity of each intermediate input x(i). 

Because it is a constant returns to scale firm, its input demands are defined only once the 

scale of operation is pinned down. Let L and H1 be the total amounts of labor and 

human capital that z're used in the production of final output goods. (The split of total H 

between HI and H2 remains to be determined.) Given values for H and L, it is 

possible to derive the demands for intermediate inputs from a ma>dinization problem that 
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is cnditional on H1 and L: 

-max f HCLOx(i) Cf- p(i)x(i)]di. 
XX0 

By differentiating under the integral sign, this leads to an inverse demand function 

(4) 	 p(i) = (1-a-f)HLfx(i-. 

(There is an uninteresting technical issue here about what it means to the final goods 

producer if prices change on a set of measure zero. Because of the symmetry in this model, 

equation (4) can readily be derived by a limiting argument. For a general discussion of 

these issues, see Pascoa, 1987.) 

The demand curve in equation (4) is what each intermediate input producer takes as 

given in choosing the profit maximizing price to set. Faced with given values H1, L, and 

r, an intermediate input firm that has already incurred the fixed cost investment in a 

design will choose a level of output x to maximize its revenue minus marginal cost at 

every point in time: 

(5) 	 7r= max p(x)x -rqx 
x 

= max (]-a-/#)H L xlf- r,~x. 
x 

Because each intermediate goods producer must sell its output to a large number of final 

goods producers that can operate at any scale, it is assumed that this simple form of 

monopoly pricing is the only option available. 

The decision about whether to produce an intermediate good involves a comparison 

of the discounted stream of revenue minus marginal cost with the cost PA of the initial 
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investment in a design. For intermediate input producing firms that are not producing to 

be indifferent between remaining inactive and entering to produce at the profit maximizing 

If profits werelevel, the present value of entry must be zero at every point in time. 

positive, entry would occur, driving up the price PA and the interest rate r. At every 

date t, it must therefore be true that 

,e-ft r(s)ds 

(6) fm e(r) dr = PA. 

if PA is constant (as it will be in the equilibrium described below) this condition can be 

put in a more intuitive form. DI'ferentiating with respect to time t yields 

-Jr r(s)ds 
7r(t) - r(t)f e 7r(r) dr = 0. 

t 

Substituting in the expression for PA from equation (6) yields 

(6') r(t) = r(t)P A. 

This says that at every point in time, the instantaneous excess of revenue over marginal 

cost must be just sufficient to cover the interest cost on the initial investment in a design. 

(This formulation of the intertemporal zero profit constraint is taken from Grossman and 

Helpman, 1988.) 

To complete the description of the model, it remains to specify preferences and 

Consumers have standard, discounted, constant elasticity preferences inendowments. 
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continuous time: 

fO U(C)e-Ptdt, with U(C) = 1-01 for a E [O,w). 

H that are
Consumers are endowed with fixed quantities of labor L and human capital 

0, consumers own the existing intermediate goodssupplied inelastically. At time 

producing firms, and the net revenues of these firms are paid to consamers as dividends. 

Final goods firms earn zero profits and own no assets so they can be.ignored in the 

specification of endowments. 

An equilibrium for this model will be paths for prices and quantities such that: 

i) consumers make savings and consumption decisions taking interest rates as
 

given;
 

ii) final output producers choose labor, and human capital, and a list of
 

intermediate inputs taking prices as given;
 

iii) each potential and actual intermediate input producer maximizes profit
 

taking the interest rate, the price for designs and the downward sloping
 

demand curve for output as given;
 

iv) supplies are equal to demands;
 

v) profit in the intermediate goods industry is zero.
 

4. Discussion of the Model 

A reasonable intuition for the behavior of this model can be inferred by considering 

the Solow model where the evolution of A is given exogenously, and the Gzawa (1965) 

a 
model where the evolution of A is determined by the allocation of resources between 
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research sector and a final goods sector. For a fixed amount of A, and therefore a fixed 

quantity of intermediate inputs, the model is almost identical to the Solow model. Because 

of the symmetry in the model, at any point in time, all the intermediate inputs that are 

available are supplied at the same level, henceforth denoted as R. If they were not, it 

would be possible to increase profits in the intermediate gods sector by reducing the 

output of high output firms and divertirg the capital released in this way to low output 

goods. Since A determines the range of intermediate goods that can be produced and 

since 77units of capital are required per unit of intermediate goods, it is possible to solve 

for i from the equation K = AR. Then output Y can be written as 

= x(i)l-a-fdi
0

(7) Y(H 1,L,x) CO 

= H LPAR-Or-

For fixed A, this is just like a conventional constant returns to scale production function 

except for the fact th'.at L and H1 are treated as separate inputs. In particular, it 

exhibits the usual diminishing returns to capital accumulation. Given the assumed form of 

preferences, a fixed level of A will lead to an equilibrium with a steady state level of K 

that is determined by the property that the marginal product of capital is equal to the 

discount rate. If A grew at an exogenously specified exponential rate, the economy would 

converge to a path where K grows at the same exponential rate as A, just as it does in 

the Solow model. To see this, note that in the reduced foim equation (7) for output, A 

acts just like a form of labor and human capital augmenting technological change: 

- a - #.(7") Y(H 1 ,L,K,A) = 70+#-1(AH 1)(AL)O(K)l 
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is treated as an input like the others, this equation demonstrates the increasingWhen A 

returns that' are present in the aggregate reduced form production function. Y is 

homogeneous of degree 1+,-#. 

In thp Uzawa extension of the Solow model, the rate of growth of A is determined 

In the interpretation of theby the allocation of resources between output and research. 

Uzawz. model that has been pursued by Lucas (1988) and King and Rebelo (1987), A is 

treated as an amalgam of the human capital H and disembodied knowledge A that are 

considered here. Inthose papers, growth in A is assumed to depend only on the amount 

of A that is devoted to producing new amounts of A, and it is assumed that any A that 

A. The model here asserts, thatis used in production cannot be used to produce new 

growth in A depends on both the entire stock of A in existence, and on the amount of 

human capital devoted to doing research. As noted above, the functional form used here 

imposes a form of increasing returns in the research sector that is distinct from the 

increasing returns in tht,final goods secto' exhibited in equation (7'). 

axe supported in aThe increasing returns evident in the reduced form equation (7") 

decentralized equilibrium that relies on monopolistic competition as exhibited by the price 

setting behavior in the intermediate input sector. In contrast, the increasing returns in the 

research sector implied by equation (3) are supported through competition with external 

effects that arise from knowledge spillovers. Both these elements seem essential to 

capturing the features of disembodied knowledge. There is little doubt that much of the 

value to society of any given innovation or discovery is not captured by the inventor, and 

any model that missed these spillovers would miss important elements of the growth 

Yet it is still the case that private, profit maximizing age its make investments in process. 


the creation of new knowledge and that they earn a return on these investments by
 

charginig a price for the resulting goods that is greater than the marginal cost of producing 

the goods. 
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5. Solution of the Model for a Balanced Growth Equilibrium 

The strategy for solving the model that is followed here is to solve for an 

equilibrium in which the variables A, K, and Y grow at constant exponential rates. 

Followiug the accepted terminology, this will be referred to as a balanced growth 

equilibrium. Using the intuition from the Solow model, such an equilibriium will exist if A 

grows at a constant exponential rate. Using the intuition from the Uzawa model, it is 

possible for A to grow at a constant rate because equation (3) for A is linear in A, and 

it will do ,o if the amount of human capital H2 that is devoted to the research sector 

stays constant. Verifying that a balanced growth equilibrium exists therefore reduces to 

the problem of showing that prices and wages are such that Hl and H2 remain constant 

as Y, K, C, and A all grow at the same rate. By focusing only on balanced growth paths, 

the analysis neglects the transitory dynamics that arise when the economy starts from a 

ratio of K to A that differs from the ratio that is maintained along the balanced growth 

rate ,-th. It should be a routine matter to consider the process of convergence to the 

balanced growth ratio of K to A using the tools used for studying the Solow model and 

Uzawa model, and this analysis is not attempted here. 

Given results from the previous models, it is easy to guess what the behavior for 

some of the prices and other quantity variables will be. Since output and investment grow 

at a constant rate, consumption grows at the same rate. Given the assumption of constant 

elasticity preferences, this will imply a constant interest rate. Results for the simpler 

model of differentiated inputs considered in Romer (1988a) suggest that along the balanced 

growth path, all the growth in K will be devoted to producing new goods rather than to 

increasing the quantities of the goods that are already being produced. Thus, the balanced 

growth solution should also have a constant level R for all inputs that are produced. 
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Because of the accumulation of K and A, the wage paid for human capital will not be 

constant, but the productivity of human capital will grow at the same rate in the final 

output and research sectors. This permits H2 to remain constant. Since the wage for 

human capital will increase at the same rate as productivity in the research sector, the 

price PA for new designs will be constant. 

it remains to check that this description of a balanced growth path is consistent 

with all the equilibrium conditions. The condition determining the allocation of human 

capital between the final output and research sectors says that the wage paid to human 

capital in each sector must be the same. In the final output sector, the wage for human 

capital is its marginal product. In the research sector, the wage is PA A, and human 

capital receives all the income from this sector. To equalize returns to human capital in 

both sectors, H2 must be chosen so that 

(8) 	 w H = PAA = a(H-H 2) 1L x(i) -a- di. 
0 

Implicitly, the allocation of H between the two sectors is constrained by the requirem:ent 

that H1 and H2 be nonnegative. If either of these constraints is binding, equation (8) 

will hold as an inequality. 

Substituting the constraint relating H 1 and H2 into equation (7) and retaining 

the variable R gives 

(9) 	 Y(H 1 ,L,x) = (H-H 2 )&L# Ofx(i)1-"-9di 
0 

=(H-H 2) aLfA (R)I-o 
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Combining equations (8) and (9), the price for new knowledge an then be written as 

(10) A - (H-H 2 )a - L/ (i)1-a-f? 

For a given value of H2 , the implied exponential growth rate for A is 61H2. By 

equation (9), Y mus grow at the same rate as A if L, H1 , and R are fixed. If i is 

fixed, then K must grow at the same rate as A since total usage of capital will be ARq. 

Since consumptioJi is the difference between output Y and investment K, it follows that 

the rate of growth of consumption must also take on this same vaJue. If g denotes the 

growth rate of A, Y and K, the fact that K/Y is a constant and that = g, implies 

that C = 1 - K - g must also be constant. The common growth rate g for all these 

variables is therefore 

From the form of preferences, it then follows that the constant interest rate for this 

equilibrium is 

(11) r = p + c'u= p + cb6H 2. 

Equations (10) and (11) form two of the four equations needed to solve for the four 

that should be constant in a balanced growth equilibrium. Onevalues H 2, PA' , and r 

of the remaining two equations comes from the zero profit condition for the intermediate 
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goods industry. Rewriting the intertemporal zero profit condition in equation (6'), we 

have 

(12) 	 r=rP. A 

The other equation comes from the first order condition for the profit maximization 

From equiation (5), the instantaneousproblem for an individual firm in that industry. 

profit maximization problem of an intermediate good firm is 

ir(H-H 2,L,r) = max (1-a-3)(H-H 2)"L/x-- - rr7x. 
x 

The first order condition for this problem 	is 

2 

(13) r= 1-a-fl) 	(H-H2)-L x) 

(10), (11), (12), and (13) form the system 	of equations that can be solved forEquations 


A Because of the exclusion restrictions built into the
the four variables H2, PA' , and r. 

model, this can be done by direct substitution. The details are given in the appendix. 

The key result from the solution is the expression for the growth rate as a function 

of the underlying parameters: 

g4!H lAR(14) 

where A is the constant 

A=^a 

(15)A = 1-a-l) (+ fI 
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(The expression for the growth rate suggests a mihor technical restriction. For the integral 

in the consumer's preferences to be finite, the rate of growth of current utility (1-0u)g 

must be less than the discount rate p. Thus, for a E10,1), it must be the case that 

A+- b- is less than the discount rate p. If this does not hold, the integral can be 

infinite and some kind of overtaking criterion must be used to describe the behavior of the 

consumer.) 

As one would expect from the original Uzawa model, the preference parameters a 

and p both influence the growth rate. A reduction in a or in p, either of which makes 

individuals more willing to substitute consumption today for consumption tomorrow, will 

lead to faster growth. What may be more surprising is that the growth rate depends on 

neither the size of the labor force L nor the cost parameter n7 that determines the 

amount of capital needed per unit of intermediate good. This result stands in contrast to 

the implausible result from Romer (1988a) that growth rates are monotonically increasing 

in L, and confirms the conjecture that adding human capital as a separate variable and 

specifying a more reasonable research technology removes the dependence of the growth 

rate on L. 

One of the interesting results about this expression is that it suggests the possibility 

of stagnation based on an inadequacy of human capital. Strictly speaking, the negative 

growth rates suggested in the formula will not be observed, for they correspond to choices 

of H2 that are negative. Since the growth rate g is equal to 6112, equation (14) can be 

restated as an expression for H2 in terms of H: 

H-pA 

(16) H2 = 

If H is too low, the non-negativity constraint on H2 will be binding. In this case, all of 



31
 

the feasible growth rates for A are too small relative to the discount rate to justify the 

sacrifice in current output necessary for growth to take place. If H is like income, 

H2 increases more than proportionally withresearch in this model is like a luxury good; 

increases in H. This result is suggestive of the wide variation in growth rates observed 

across countries, and of the finding that in some countries per capita growth has been 

effectively zero. This model cannot offer a complete explanation for these observations 

because it treats the stock of H as given, but it does suggest directions for further work. 

The expression from the appendix for PA is 

pA+ = r fAH+A ] n0a+l-1
(17) 

where r is the constant 

r' = [o(l-a-Z) - - (a+13)°+] 

n7and L do not affect the growth rate, they do affect theFrom this it follows that while 


relative price of designs; an increase in L or a decrease in n causes an increase in PA"
 

This causes the intermediate input sector in effect to substitute away from A towards K.
 

The expression for R in terms of PA is
 

(18) x P 

An increase in L or a decrease in n] will therefore cause both R and the ratio of K to 

A to increase. 

The fact that changes in n7do not affect the long run rate of growth of knowledge 

has implications for policies designed to encourage physical capital accumulation. Like the 
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Arrow (1962a) and Romer (1986) models that tie the rate of growth of A to that of K, 

this model has the property that along an equilibrium path, A/A = k/K. However, this 

model behaves differently in response to an intervention by the government designed to 

subsidize capital. In the previous models, the ratio of A to K was implicitly fixed, so 

any intervention that increased the accumulation of K also increased the accumulation of 

A and therefore increased growth rates in the model. Here, the ratio of K to A is 

determined endogenously. If the government offers a subsidy to the accumulation of 

capital that is financed by a lump sum tax, this has the same effect on growth rates as a 

reduction in (To see a demonstration of this kind of result, see Romer 1988b). In this,/. 

model, this subsidy will have the effect of increasing the ratio of K to A, but it will not 

affect the rate of accumulation of A and therefore will not affect growth rates in the long 

run. This rules out neither the possibility that a subsidy to capital can be welfare 

improving, nor that the subsidy might increase growth rates as the economy makes the 

transition to a new balanced growth rate path with a higher ratio of K to A. It merely 

shows that the strong arguments for subsidies to capital that emerge from the previous 

analyses are strongly dependent on the assumption that the ratio of K to A is fixed. 

The effects of a subsidy to capital can be contrasted with a policy designed to 

encourage research. A subsidy to employment in the research sector that is financed 

through lump sum taxes has the same effects on growth as an increase in the productivity 

parameter b "7, equation (3). In the long run, this will cause an increase in the growth 

rate, a fall in PA' and a reduction in i and in the ratio of K to A. 

Because of the externality associated with the production of knowledge, there is a 

presumption that this kind of subsidy to the accumulation of A will be welfare improving. 

but demonstrating this result rigorously forces the analysis to depart from consideration of 

balanced growth paths. Any intervention designed to move an economy from one balanced 

growth path to another must consider the transition dynamics along the way, and an 
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explicit analysis of these dynamics is beyond the scope of this paper. 

However, it is easy to compare growth rates along the balanced growth path that 

emerges from the equilibrium and the one that would emerge from the solution to a social 

planning problem. Using the symmetry arguments that lead up to equation (7'), the social 

planning problem for this economy can be written as: 

max f - ePtdtCOC 

s.t. K = ,a+P/Aa+ 3H aLflK-O/ 3 -C 

A = bH2A
 

H1 + H2 _ H.
 

As is shown in the appendix, the balanced growth solution to the first order necessary 

conditions for this problem has a growth rate g that is given by 

O1(19) g 

where E) ' Since E is less than the corresponding coefficient A in equation (14) 

and since 1-O is less than 1, it follows that the socially optimal growth rate is greater 

than the growth rate in the decentralized equilibrium. In the social optimum, more human 

capital is-devoted to research and less to the production of ',naj output goods. 

The final observations about this model pertain to its implications for trade and 

growth. These can be seen most simply by ccmparing the equilibrium for two identical 

closed economies that operate in isolation with the equilibrium that would obtain if the 

economies were fully integrated. Thus, suppose that there are two economies that are 

totally isolated, each with the same level of H, K and L and each of which is using the 

same (independently produced) stock of knowledge A. InAcase leas/t favorable to gains 
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from trade, suppose that each country faces the same technological problems, develops the 

same goods, and has the same stock of A. When these two economies are integrated, there 

are no immediate gains. Ever-tually, the two economies will start to specialize in the 

production of different intermediate inputs, but initially there are no gains from trade 

because they possess the same soods. However, equation (16) shows that in the balanced 

growth equilibrium for this muuel, the fraction of the total worldwide stock of human 

capital that is devoted to research is greater P.ter integration than it is under isolation. 

Therefore the rate of growth is higher. Thus, in contrast to models of specialization that 

imply that trade has a positive effect on the level of income but not on the growth rate, 

this model highlights the possibility that it has long term growth rate effects. To the 

extent that the two isolated economies develop different goods and have non-overlapping 

stocks of knowledge, the dynamic benefits from trade will be augmented by the usual static 

gains. 

This suggests why a decision to engage in trade may be important even for very 

large economies like that of China or India. If access to a large number of individuals or 

consumers were all that mattered, having a large population would be a good substitute for 

trade with other nations. The model here suggests that what is important for growth is not 

integration into an economy with a large number of people, but rather into one with a large 

amount of human capital that can be devoted to rtsearch and the production of new goods. 

Many of the details of trade between different economies of this kind remain to be worked 

ouL, but based on the observation that growth does seem to be closely correlated with the 

degree of integration into worldwide markets but not closely related to population 3ize or 

density, the results from this model seem promising. 
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Appendix 

Al. Calculation of the Balanced Growth Equilibrium 

can be solved for the variables 5, PA, r, and
Equations (10), (11), (12), and (13) 

R and H2, leaving two equations in PA
H2, by first substituting out the variables 	 and 

r. By inserting equation (13) into the expression (5) for ir,equation (12) can be written 

as 

i= P A/0+)
(A.1) 

Solving equation (11) for H2 in terms of r 	 yields, 

=(A.2) 	 H 

and (20) for R and H2 into equation (13)
Substituting the expressions from (19) 

r:gives PA implicitly as a function of 

PA I.L [H - af(A.3) 

a and /:
The constant SI in this expression is a function of the exponents 

(A.4) 	 f) = (- a-P)2-a-/(a+)&+f. 

r follows by substituting the expressions for 
The second equation for P 040 in terms of 

H2 and R into equation (10), the equation describing equality of returns to human capital 
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in both the final output and research sectors. The result can be written as 

Pa+#3 = - aL( #I
(A.5) 

where the constant F is given by 

I' a(1--I)--ja+fi) +-I-1 

Equating equations (A.4) and (A.5) and simplifying gives the expression 

r = aori ',(A.6) 

where A is as defined in the text. Using the relationship between r and H2 to solve for 

H2, then multiplying to get g = 6H2 gives equation (14) in the text, 

g= AaHl "
 

in theSubstituting equation (A.6) into equation (A.5) and simplifying gives equation (17) 

a+3-1pa+#LF- raH+ApJa-1[La+l O 

where IF is the constant 

r : a1a/)&~a/)c+3 



- -  

37
 

in the text follows from equation (A.1).Equation (18) 

A2. Calculation of the Balanced Growth Social Optimum 

To derive the necessary conditions for the social optimization problem PS, 

construct the current valued Hamiltonian: 

C1-a A+(_2a 

-a- -
= 1-a + A[r ka+ a K1 # C] + p6iH.2 A. 

The necessary conditions follow by maximizing dV with respect to the control variables C 

H2, and from the equations for the evolution of the multipliers A and y:and 

A = pA - P= p _O,,.K 

C gi es the usual expression
The first order condition for maximizing XY with respect to 

relating marginal utility and the multiplier A: 

C-a= A.(A.7) 

a from the
If the symbol A is used to represent the term qa'i #-IAa+#(H-H 2)a L#K l
 

,Xwith respect to H2 can be

Hamiltonian, the first oider condition for maximizing 

written as 

A = (H-H2) -6A.(A.8) 
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Then using equation (A.8), the evolution equation for p can be simplified to yield 

(A.9) = - -

For a balanced growth equilibrium, it must be the case that = A and that 

= . Using equation (A,7), these can be combined to yield .Then ombining 

the evolution equation for A, A = ' with equation (A.9) gives an equation in H, H2, 

and the basic parameters of the model: 

(A.1o) 6112 p-b-H -a H2].-

Equation (19) in the text can be derived from this equation by solving for H2 and using 

the fact that the growth rate g is given by g = bH2. 
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Comment on "Endogenous Technological Change" by Paul M. Romer
 

Robert W. Vishny
 
University of Chicago
 

This is an interesting and well-motivated paper. Its basic motivation
 

stems from the observation cited in Maddison (1982) that output per hour
 

worked has risen dramatically, buL that this rise cannot be explained by
 

increases in physical capital 
or even man-hours of education. Romer follows
 

Solow (1957) in ascribing this enormous increase in output per hour worked to
 

advances in the technology available to workers. 
Romer wants us to think
 

about technology as disembodied knowledge, as in a blueprint, a scientific
 

formula, etc. Technology in Romer's model is 
a list of instructions that can
 

be costlessly replicated and passed on to others. 
 This is distinct from human
 

capital, which is a set of skills embodied in the worker and which are costly
 

to pass on to others. Several other recent papers, including Lucas (1988) and
 

Becker-Murphy (1988), focus on human capital as an omitted factor in the
 

producrion function that can account for large increases in output per worker.
 

It seems reasonable that both increases in embodied skills and advances in
 

technology have been quite important as determinants of long-run growth.
 

Depending on the specification of the accumulation possibilities for human
 

capital and disembodied knowledge, both factors can easily produce perpetual
 

growth.
 

While I agree with Romer that the production of new disembodied knowledge
 

is crucial in explaining recent growth in developed nations like the U.S. and
 

Japan, I do not think that studying new disembodied knowledge is very useful
 

in understanding the recent growth experience of much poorer nations. 
 The
 

binding constraint on 
the growth of poorer nations is clearly not the location
 

of the technological frontier. 
If only these nations could successfully
 

employ a greater part of the existing technology they would probably be much
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better off. If disembodied knowledge is easily replicated and applied outside
 

of its original sphere then something other than the state of the world's
 

knowledge must explain the large cross-sectional differences between
 

countries. 
 I think papers emphasizing the diffusion of knowledg. and the
 

accumulation of human capital 
are more relevant in understanding the problems
 

of underdevelopment than the disembodied knowledge approach taken by Romer.
 

Strictly speaking, growth in Romer's model 
comes from devoting human
 

capital to 
the research sector that produces new disembodied knowledge. 
This
 

new knowledge then "spills over" and produces other new knowledge (new
 

designs). 
 As I said above, I think the more relevant issues are the costly
 

accumulacion of human capital, the costly diffusion of new technology, or any
 

other impediment (such as disincentives provided by bad government policy) to
 

setting up production using the available technology. At the same time, I
 

think there are 
aspects of Romer's model that may be suggestive of these
 

effects. For example, Romer wants 
to think about poor nations getting stuck
 

in a low human capital trap from uhich they cannot extricate themselves.
 

Alternatively, growth is modeled as 
a luxury good in the sense 
that as the
 

economy accumu2ates human capital a more than proportionate amount of this
 

human capital is devoted to activities (research on new designs in Romer's
 

model) that produce growth. This is accomplished in the model by positing a
 

decreasing returns technology for the use of human capital in producing output
 

but constant returns to human capital in the research sector. 
 Intuitively,
 

this could be interpreted as 
meaning that when management talent is extremely
 

scarce, the economy cannot spare having such talent diverted from managing the
 

production of output in order to refine new production methods or spend time
 

training others. 
 In order to properly explore these issues, Romer would
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really need a model of the costly accumulation of human capital. This is done
 

in Becker-Murphy (1988).
 

Another important set of considerations determining the relation between
 

the stock of human capital and the rate of growth is introduced by
 

international trade. 
 It is also useful to discuss trade briefly here since
 

Romer loosely discusses the possible role of trade in his framework. While it
 

is clear that integration into the world economy can provide such benefits 
as
 

easier transfer of modern technology to poorer nations, I would like to point
 

out the possibility that the specialization induced by international trade may
 

actually slow the growth of nations with a low initial stock of human capital.
 

Intuitively, in an open economy, nations with a bigger stock of human capital
 

will end up operating the industries which are more human capital intensive.
 

Moreover, it seems plausible that hunan capital is accumulated at a faster
 

rate when operating in these more technologically advanced sectors. 
 This
 

means that nations that are initially behind and end up exporting goods such
 

as cash crops, minerals and light manufacture.; may accumulate human capital
 

and grow at a slower rate 
than the more advanced nations who concentrate on
 

the more human capital intensive sectors.
 

Of course, this does not mean that the LDCs do not benefit from
 

innovation and human capital accumulation in th ! developed countries. 
Not
 

only do they get to adapt some of the technology developed elsewhere, but they
 

can also purchase much cheaper and better goods with their raw labor due to
 

innovations adopted elsewhere in the world. 
I think that Romer's discussion
 

of the effects of trade on growth could be made more complete by drawing a
 

distinction between the benefits of technology transfer on 
the one hand and
 

the effects of unfettered (unprotected) trade in goods 
on the other. Through
 

the forces of comparative advantage, the latter may lead to less human capital
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accumulation in LDCs (especially for nations that would have had access to
 

large domestic markets in the presence of trade barriers).
 

A final set of points I would like to make 
concerns the role for policies
 

such as 
subsidizing capital accumulation and allowing for expensing of R&D in
 

a model like Romer's. The presence of technological spillovers 
seems to
 

create a clear presumption that the accumulation of A should be subsidized in
 

Romer's setup. The question that arises is: what seems 
to be the best way to
 

subsidize innovations? 
Do wc just treat R&, favorably or do we want to
 

subsidize capital as well, say with accelerated depreciation or an investment
 

tax credit? 
 Romer appears to say that the current incarnatior of his model
 

does not provide 
a basis for thinking that capital subsidies will affect
 

steady state growth rates. 
 I think the basic reason is the following. The
 

long-run growth rate in his model depends on the amount of human capital
 

devoted to the research sector. A subsidy to capital does not have the effect
 

of causing human capital to be reallocated toward producing new designs
 

because the subsidy also encourages the accumulation of capital used in
 

producing output (with old designs) and this increases the marginal product of
 

human capital in producing output. 
With the cost of foregone output higher,
 

no more human capital is shifted to the new design sector. 
In short, a
 

subsidy to capital does not differentially favor new designs over more
 

intensive use of old designs.
 

I have a couple of comments about this. 
 First, as Romer emphasizes in
 

the current draft, this is only a result about steady state growth rates and
 

does not really speak to the question oi whether there are any welfare gains
 

from a capital subsidy. Second, I am not sure 
I agree with the basic
 

assumption that cheap capital does not differentially favor new technologies
 

over existing technologies. 
 My view is that subsidies to new capital would,
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at a minimum, get firms to put down nlants employing the latest technology
 

much sooner (and more often) than otherwise. That is, the rate of diffusion
 

would be higher when new capital was subsidized, say through accelerated
 

depreciation. 
This higher rate of diffusion would also lead to more
 

technological spillovers 
on others since an unadopted innovation presumably
 

has many fewer spillovers. Any benefits from learning-by-doing would also be
 

stalled until the new technology were adopted on a large scale. 
 In general, I
 

think that this model puts 
too much emphasi: on basic research and too little
 

on learning-by-doing and human capital accumulation on the job. 
 I also think
 

there is a basic presumption that, at least for many LDCs, the potential new
 

technologies 
to be adopted are more capital intensive than the existing
 

technology. 
This would also cause a capital subsidy to differentially favor
 

the new technology.
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The recent interest in models of economic development where
 

technological change is endogenous has primarily been based on the
 

assumption of some kind of technological externality, which makes
 

the social return to investment exceed the private return. This is
 

in the tradition of Arrow (1962), who simply postulated that
 

investment raises the efficiency of future vintages of capital
 

goods, in a way that cannot be captured by firms.The effort of
 

Romer (1986b) to provide a microeconomic foundation for external
 

economies in the growth process returns to an even earlier
 

tradition, that of Young (1928), in which increasing returns in
 

the production of intermediate goods leads to de facto external
 

economies in the production of final goods.
 

While external economy models shed an interesting light on
 

some of the possible reasons for self-sustaining economic growth,
 

they share a common feature that is less than satisfactory. In
 

such models technological change is an accidental byproduct of 

economic activities undertaken for other purposes. While this 

sometimes happens, in the real world much technical change is 

surely the result of deliberate efforts on the part of firms to 

improve their products and/or processes -- and a key issue of 

economic policy (perhaps the key issue) is how institutions and 

taxation affect the incentives for such knowledge generation. One 

would therefore like to have a set of models in which 

1Key papers include 
Lucas (1985); Romer (1986a,b); Kohn and
 

Marion (1987); Shleifer (1986); Murphy, Shleifer, and Vishny
 

(1988); and Helpman (1988).
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technological change is not only endogenous but also at least 
in
 

part deliberate, a result of active efforts at innovation.
 

Now there already exists a tradition in economics that takes
 

j.ist such a approach to economic growth. This is the line of
 

thought associatz" with Schumpeter (1942), who placed deliberate
 

technological change by firms at the heart 
of his economic
 

analysis. In the basic Schumpeterian framework, firms are willing
 

to invest in developing knowledge because this knowledge is at
 

least temporarily appropriable, and thus allows them to establish
 

monopoly positions that yield private returns. In time, new
 

technologies become public knowledge; but in the meantime
 

innovators have developed still newer technologies, creating a new
 

set of temporary monopolies, and the economy rolls on.
 

Several recent papers adopt a Schumpeterian framework for 

thinking about growth. Notable examples include Shleifer (1986) 

and Murphy, Shleifer, and Vishny (19C8). There is also a strong 

tradition of Schumpeterian models of endogenous technological 

progress in the international trade literature -- perhaps because 

the analysis of increasing returns in international economics was
 

already well advanced by the time it began to appear in growth
 

theory, and perhaps also because of the traditional emphasis on
 

the role of the "product cycle" in determining patterns of
 

international trade and specialization. In any case, there now
 

exists a small literature arising from the international side in
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2 .
which endogenous R&D is the source of technological progress


Oddly, however, while there now exists a reasonably large
 

Schumpeterian growth literature, few of the papers in this
 

literature focus on the issue of growth per se. The papers by
 

Shleifer and by Murphy, Shleifer and Vishny focus primarily on the
 

possibility of multiple equilibria (including dynamic multiple
 

equilibria giving rise to cycles); the international papers focus
 

primarily on the determinants of the pattern of trade, including
 

the product cycle. The purpose of this paper is to back up from 

these issues, which I regard as properly the second rather than 

the first step in development of a Schumpeterian paradigm of 

growth. Instead I try to 
set out in a minimalist form what I
 

regard as the basic insights that arise from a Schumpeterian
 

approach to the growth process.
 

The first point is a familiar but often misinterpreted one:
 

in a market economy there is 
a conflict between static efficiency
 

of resource allocation and growth. The Schumpeteria,, idea is often
 

misinterpreted as the proposition that monopolies are more
 

innovative than competitive firms, but that is not the point. The
 

point is instead that the incentive for innovation depends on the
 

expectation of the innovator that 
she will be rewarded with a
 

temporary monopoly. in the context of this model we can show that
 

there is a conflict between static efficiency, which would require
 

2See in particular Feenstra and Judd (1982), Dollar (1986), Jensen
 

and Thursby (forthcoming), Segerstrom, Anant, and Dinopoulos
 

(1987), and Grossman and Helpman (1987).
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elimination of monopolies, and the need to provide an incentive
 

for technical change 
-- and we can show that the static costs are
 

worth paying.
 

The second point is a less familiar one: a Schumpeterian
 

economy is characterized by important dynamic increasing returns.
 

These increasing returns offer a powerful non-traditional case for
 

the gains to a country from participating in an integrated world
 

economy. Quite aside from the usual gains from trade due to
 

comparative advartage and static economies of a
scale, 


Schumpeterian world is one in which international 
integration
 

increases the 
incentives for and the benefits from innovation. On
 

one side, access to a world market makes the temporary monopoly of
 

an innovator more valuable, raising the return to 
innovation. On
 

the other, when temporary monopolies end and knowledge becomes 
a
 

public good, eanh country gains from innovations made elsewhere.
 

In order to bring these points out in as clear and simple 
a
 

fashion as possible, I offer here a stripped-down model that makes
 

no pretense at realism. In the real world innovation, the
 

exploitation of temporary monopoly positions, and the diffusion of
 

proprietary knowledge to the public at large 
are all going on
 

simultaneously, and the future stretches 
out indefinitely. For
 

most of the paper, I instead assume a world with a finite horizon
 

divided into three neat periods: one during which firms invest in
 

innovation, one in which they reap the rewards of their
 

investment, and one in which their innovations become common
 

property. This formulation brings out the essential principles
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very clearly, but an obvious next 
step must be to develop an
 

infinite-horizon model without such arbitrary asymmetries between
 

periods. The paper concludes with a brief exposition of such a
 

model, focussing only on its steady-state dynamics; the main
 

conclusion of this final exposition is that an integrated economy
 

will not only be more productive than an isolated national
 

economy, but will exhibit a permanently higher growth rate.
 

The paper is in seven parts. The first part lays out the
 

basic assumptions of the model. The 
second part derives the
 

equilibrium for a single closed economy. The third part examines
 

the welfare economics of this equilibrium, focussing on the gains
 

to society from allowing innovators to establish temporary
 

monopolies. 
The fourth part then considers the effects of
 

international integration, and the 
uature of the gains that such
 

integration brings. The fifth part then 
asks whether integration
 

through trade or investment is necessary foi these gains, or
 

whether the exchange of ideas is enough. The sixth part 
takes a
 

step toward realism, by describing steady-state growth in an
 

infinite horizon world where innovation, exploitation of monopoly
 

positions, and diffusion of technology happening at
are the same
 

time. The paper concludes with a discussion of the results and
 

some ideas for future extensions.
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1. Assumptions of the model
3
 

We consider a worl.d that will last three periods. In this
 

world there are L individuals, who all share identical tastes.
 

These tastes can be represented by a two-level utility function.
 

The upper level may be written
 

U - [C + 6C2 +62'31 6,0 < 1 (1) 

where Ct is an index of overall consumption in each period. That
 

is, utility is additively separable across periods and there is a
 

3This model is very close 
in form to the models used in recent
 

work by Shleifer (1986) and Murphy, Shleifer, and Vishny, at al
 

(1988). The main modelling difference is that I assume free entry
 

zero-profit equilibria, where they assume restricted entry that
 

allows some profits to remain. The important difference is however
 

in the kind of questions asked; they are primarily concerned with
 

the possibility of mutiple equilibria, where I am concerned with
 

comparative dynamics.
 

In all of these models strong assumptions are made about
 

functional forms that are not really necessary for the results.
 

All that is really needed is additive separability )f utility
 

among periods, and symmetry among goods within each period.
 

However, given the unrealistic and illustrative nature of the
 

model in any case, it does not seem worth while to take up extra
 

time and space in return for a marginal increase in generality.
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constant elasticity of substitution 1/(1-8) between each pair of
 

periods.
 

Within each periou N goods are produced. The aggregate
 

consumption for each period is defined as
 

N 
Ct ccNI (2) (2)
 

where cit is an individual's =_nsumprinn 
of aocd i in period t. 
Within-period tastes are therefore Cobb-Douglas, with all N goods
 

receiving equal expenditure shares.
 

There is only one primary resource, labor. In each period
 

each individual has an endowment of one unit of labor. The unit 

labor requirement to produce a good depends on whether or not an 

investment has been made in improving the 
technology. If no such
 

investment has been made, the unit labor requirement is 1. Once an
 

investment has been made, the new 
process reduces labor
the 


required to 7 < 
 1. That is, if ait 
is the unit labor requirement
 

for good i in period t, we have
 

ait-I if no innovation 
 (3)
 

-1 < 1 if an innovation has been made
 

The economy is assumed to need to go through a rigid sequence
 

of moves. In the first period, labor can be used either to produce
 

goods for current consumption 
or to invest in innovation,
 

developing improved production technology. We assume that the cost
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of an Innovation is F units of first-period labor. In the second
 

period, innovators have a monopoly of the technology they have
 

developed -- although, crucially as it turns out, the origina. 

unimproved technology is still available to the general public.
 

Finally, in the third period the technology developed in the first
 

period becomes common property.
 

We have now laid out all the assumptions of our model.
 

Surprisingly, even this rudimentary framework can yield some
 

valuable insights about technological change in a market economy,
 

as we will see once we derive the model's equilibrium.
 

2. Intr.rtemporal equilibrium
 

To solve the mode] we work backwards from the third period
 

to the first.
 

Suppose, then, that 
in period 1 the economy had invested nF
 

units of labor to pursue technological improvement in n < N goods.
 

Then in the third period these improved technologies will be
 

common property, so 
that the economy will consist of n sectors in
 

which the unit labor requirement is 1, N-n sectors in which it is
 

1. All sectors will be perfectly competitive, and price at average
 

cost.
 

The key variable we need is the period three consumption of a
 

representative individual, which may be conveniently expressed as
 

C3 - w3/P3 (4)
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where w is the wage 
rate expressed in terms of any numeraire, and
 

P3 the period price index in terms of the same numeraire. In turn,
 

we may define
 

P3 N 1 /iN (5) 

where pi3 is the price of good i, and
 

P13-w if there has not been an innovation (6)
 

-yw if there has
 

implying a consumption index
 

C3 - (I/7)n/N _ - (n/N) 
 (7)
 

Now back up to period 2. In this period the n improved
 

technologies are still proprietary, allowing the innovators 
to
 

establish monopoly positions. So we need to examine their monopoly
 

pricing.
 

Assuming that 
N is a very large number, the elasticity of
 

demand facing each individual monopolist is approximately unity.
 

Now for a pure monopolist a demand elasticity of 1 would imply an
 

infinite markup. However, these are not pure monopolists. They
 

have a monopoly of the improved technique of production, but the
 

original, less productive technique is still available to others.
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Thus the firms cannot raise their price above the cost of
 

production with a12-1 ; and given the unitary elasticity of demand
 

they will always raise their price up to 
that point. So the
 

equilibrium 
is one in which p-w in all sectors -- that is, 

monopolists with higher efficiency charge the same price as 

competitive industries with lower efficiency, passing none of
 

their lower costs on to consumers4
 

Per-capita consumption of each good in the second period is
 

the same; it may be expressed as
 

ci2 - (1/N)(Y 2/L) Vi 
 (8)
 

where Y2 is second-period income measured in terms of the (common)
 

price of all goods in that period. This income includes both labor
 

income 
and the monopoly profits of innovators. Note that each
 

innovator gets to collect as a rent the cost savings from original
 

technology on the product she makes, which are 
equal to a fraction
 

4Nordhaus (1969), 
in a pioneering analysis of endogenous technical
 

progress, made the useful 
 distinction between "run-of-mill"
 

innovations, in which the innovator does not cut her price, 
and
 

"drastic" innovations, in which the 
optimal monopoly price lies
 

below the cost of producing with older techniques. In this model I
 

have set things up so that innovations are all "run-of-the-mill",
 

which greatly simplifies the analysis. The approach was introduced
 

in the seminal paper of Shleifer (1986), and also Segerstrom,
 

Anant, and Dinopoulos (1987).
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(l-7) of sales. Thus Y2 may be calculated as
 

Y2 - L + (n/N)(I-I)Y2 (9) 

- L/[l - (n/N)(l--y)] 

Since the goods produced in period 2 all have the same price,
 

and since all income must be spent in that period, the per-capita
 

consumption in that period may be simply expressed as
 

C2 - Y2/L - [I - (n/N)(l-7)]Y1 (10) 

We now turn to 
the first period, in which the decision must
 

be made about how much labor to allocate to current production as
 

opposed to innovation. We begin by noting that the price of the
 

aggregate first-period consumption good in terms of labor is 1,
 

since all sectors share the same original technology.
 

Now consider the incentives for innovation. The developer of
 

an improved production technique gets to have a second-period
 

monopoly that yields rents of
 

R - (1-7)Y 2/N (11)
 

The second-period return per unit of first-period consumption
 

foregone is therefore
 

r - (1-7)Y2/NF - (i/NF)[L(l-7)]/[l - (n/N)(l-1)] (12)
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The return to innovation, as a function of the volume 
of
 

innovation, is shown as 
the curve II in Figure 1. The curve is
 

upward-sloping, as apparent from inspection of (12). 
The reason is
 

that the more innovation there is, the larger is second-period
 

income, and thus the larger the market for each good.
 

To close the model we need another relationship between n and
 

r. This may be derived from the demand side. First, we 
note that
 

first-period consumption per capita may be written
 

C1 - (L - nF)/L (13)
 

given the unit labor requirement of 1 in all goods. We also note
 

that the marginal utility of consumption in the first and second
 

periods are
 

au/ac -C (14)
 

8u/8C2 2
 

Now r represents the rate at which individuals can trade off
 

period-one consumption for period-two consumption; it must also
 

therefore represent the price of period-one relative to period-two
 

consumption, so that
 

r - (U/aCI)/(au/ac 2) - 6I(ci/ 0-1 (15) 
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--

Substituting from previous equations, we therefore have
 

r - 6-1 ([L/(L - nF)][l - (n/N)(l-7)]1)10 (16)
 

Like (12), this relationship has r increasing in n. At n  0 

-- that is, with no resources devoted to innovation -- we have r 

-I the rate of return equal to the rate of time preference.
 

The relationship (16) is illustrated in Figure 1 by the 
curve
 

CC. As drawn, this curve intersects II in the positive quadrant 


which we will assume to be the case -- and is steeper than II 

where they intersect. This assumption amounts to saying thait the 

increase in the rate of return required to induce consumers to
 

release more resources to innovation exceeds the increase 
in the
 

actual rate of return induced by higher innovation. This seems as
 

though it is a kind of stability condition that we will want 
to 

assume is satisfied; in any case, a sufficient but not necessary 

condition for the relative slopes to obey this rule is 0 < 0,
 

i.e., the intertemporal elasticity of substitution less than one.
 

We should note that there is a possibility of multiple 

equilibria in this kind of model -- this is the lesson of the
 

ingenious papers 
by Shleifer (1986) and Murphy, Shleifer, and
 

Vishny, (1988). The possibility of multiple equilibria may be seen
 

by considering the example of Figure 2. In that case, the CC curve
 

lies above the II curve 
at n-0. This means that if nobody is
 

expected to innovate, nobody will find it profitable to innovate
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-- so no innovation is a possible equilibrium, illustrated by 

point 1. However, the more people that innovate, the larger the 

per-firm sales in period 2, so there may also be equilibria in
 

which innovation does take place, illustrated by points 2 and 3.
 

Of these, 2 will be unstable under most pseudo-dynamic stories of
 

how equilibrium gets established, so we can think of I and 3 as
 

the two possible outcomes. Once we have mutiple equilibria, of
 

course, many stories become possible. For the purposes of this
 

paper, however, I want to assume that equilibrium is unique, so
 

that I can do comparative dynamic exercises.
 

We also want to assume that n < N, that is, that innovation 

does not take place in all sectors. 

3. Welfare economics of monopoly
 

In the world we have now described, innovation in the 
first
 

period leads to the establishment of temporary monopolies in the
 

second period. This means that there is deviation from static
 

efficiency of resource allocation. What we need to understand is
 

that this deviation is desirable, in the sense that it is better
 

to allow the establishment of temporary monopolies as a way to
 

induce innovation than to seek static efficiency at the cost of
 

technological progress.
 

First we need to define the static efficiency loss in period
 

2. This may be most concisely seen by realizing that goods
 

produced in the second period may be 
divided into two composite
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commodities: the n "improved" goods whose production technology
 

has been improved by innovations, and the N-n "unimproved" goods
 

where this has not happened. Once the innovative effort has been
 

made, the economy faces an ex-post opportunity cost of improved
 

goods in terms of unimproved goods of y. This is illustrated by
 

the production possibility frontier in Figure 3. Given this 
PPF,
 

the optimal consumption of the 
two goods is at point 1. However,
 

the temporary monopolies that 
control the improved technologies
 

will, 
as we have seen, charge the same price for improved as
 

unimproved goods, so 
that the relative price consumers face will
 

be 1 instead of -y.This 
leads to the inferior consumption basket
 

2.
 

If the technology in period 2 were exogenous, then, it would
 

be optimal to deny monopoly power to innovators. However, the
 

technology is of course not 
exogenous. Without the prospective
 

reward of temporary monopoly, firms would not have 
the incentive
 

to innovate in the first place. And in fact, we 
can show that it
 

is unambiguously better 
to allow the monopoly as the price of
 

innovation than to forbid it.
 

To see this, we can break the problem into two parts. First,
 

let us 
ignore period 3, the period in which new technology becomes
 

common knowledge, and focus on the sub-utility in periods 1 and 2.
 

We can then return to period 3 and complete the analysis.
 

Does the equilibrium with temporary monopoly yield 
a higher
 

subutility in the first two 
periods than an equilibrium without?
 

To see that it does, rather than explicitly calculating utility,
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we can use a simple revealed preference argument. Each individual
 

has one unit of labor income to sell in each period. Whether there
 

is innovation or not, the price of consumption in terms of labor
 

in each period is unity. Thus each individual can be thought of as
 

having an endowment of 1 unit each of C1 
and C2, as illustrated by
 

point 1 in Figure 4. If there is 
no ability to convert innovation
 

into temporary monopoly, then individuals will simply consume
 

their endowment in each period. 
The slope of the indifference
 

curve passing through 1 is 1/6 at that point.
 

Now suppose that innovation leading to temporary monopoly is
 

allowed. If the intersection in 
Figure 1 is in the positive
 

quadrant, that is, if any innovation takes place at all, then the
 

return on innovation is r 
> 1/6. The effect is to allow
 

individuals to trade up 
to a higher level of sub-utility at point
 

2.
 

Nor is this the whole welfare gain. In period 3 any
 

innovations become available 
to the general public and are thus
 

passed on in lower prices. Since the availability of temporary
 

monopoly shifts 
n from zero to a positive number, and since n
 

enters positively into period-3 consumption (see equation (7)),
 

this represents a further gain.
 

We see, then, that 
this model makes the basic Schumpeterian
 

point that monopoly, while distorting the economy at any point in
 

time, may still be socially productive. The ability of innovators
 

to realize a temporary monopoly position as a result of their
 

innovation is a necessary incentive, and the benefits of allowing
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this incentive outweigh the costs.
 

It is assumed in this model that 
the monopoly conferred by
 

innovation lasts one period. In a more realistic model, the length
 

of time for which an innovator enjoys a monopoly would be 
an
 

important parameter, and perhaps a policy variable as well.
 

Clearly the optimal length of monopoly represents a tradeoff
 

between the incentive to 
innovate and the costs of restricting the
 

output of goods whose true marginal cost is less than their price.
 

Nordhaus (196?), working in 
a partial equilibrium setting, used
 

this tradeoff to develop an analysis of optimal 
patent length.
 

Presumably a more complex general equilibrium model would allow a
 

similar analysis.
 

4. International integration
 

turn some 


implications of this model for 


We now to less familiar territory, examining the
 

the effects of international
 

integration. Suppose that a country, instead of being an isolated
 

economy, is 
part of a larger world economy in which residents of
 

other countries are also able to innovate. How does this 
change
 

the results?
 

The simplest case is where 
all countries have the same
 

tastes, original technology, and costs of innovation 
-- and also 

where the temporary monopoly established by an innovator extends 

to the international market wellas as the domestic market. In
 

this case residents of a country are in effect simply part of a
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larger economy than they would be otherwise, and the effects of
 

international integration are 
the same as the effects of a larger
 

labor force.
 

To see what these effects are, we examine the two
 

relationships (12) 
and (16). First, consider (12): how does the II
 

curve in Figure 1 shift when L is increased? It is immediately
 

obvious that r will be higher for any given n, 
so the II curve
 

shifts up. The economic intuition for this is that a larger market
 

means more rents per innovation for any given number of
 

innovations; thus the upward shift in II 
in effect represents the
 

inventives for innovation resulting from increased demand.
 

Turning to (16), we note 
that for any given n an increase in
 

L reduces the implied r. That is, 
the larger the labor force the
 

lower the required rate of return for any given number of
 

innovations. The reason for 
this is that since there is a fixed
 

cost per innovation, when a 
given number of innovations are
 

undertaken by a larger economy they require a smaller fraction of
 

first-period resources. This amounts to a kind 
of supply-side
 

reason why 
a larger economy will generate more technological
 

progress.
 

Putting these results together, we have Figure 5: The upward
 

shift in II and the downward shift in CC imply a shift in the
 

equilibrium from point 1 to point 2. An 
integrated world economy
 

will generate more innovations, and yield a higher rate of 
return
 

on these innovations, than any of the national economies that make
 

up this world would do on their own.
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Which country does the innovating, and which country produces
 

the goods with improved technology? The answer is that in this
 

model it indeterminate and it does
is -- not matter. Given the 

assumptions about initialidentical technologies and identical
 

ability to improve technology through innovation, we cannot
 

describe the precise pattern of international innovation and
 

trade. A natural extension would be to introduce 
some kind of
 

comparative 
advantage in innovation and/or production of new
 

goods; but this will be left for future research.
 

An interesting question is whether the 
 integrated world
 

economy will not only generate more innovation than independent
 

national economies, but will also devote a higher share 
of its
 

resources to innovation than the national economies. This 
amounts
 

to asking whether n will increase more or less than
 

proportionately to L. Not too surprisingly, 
 the answer is
 

ambiguous, because both income and subsititution effects are
 

involved. The higher return on innovation both raises wealth,
 

tending to raise first period consumption per capita, and
 

encourages substitution, encouraging saving. A sufficient but not
 

necessary condition an in
for increase the 
share of resources
 

going to innovation is 0 > 0, i.e., a more 
 than unity
 

intertemporal elasticity of substitution.
 

In any case, the benefits of being part of a larger world do
 

not depend on there being an increase in the share of resources
 

devoted to innovation. We can use 
the same tricks to demonstrate
 

gains from integration that we used to demonstrate gains from
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allowing innovators 
to establish temporary monopolies. First, we
 

put the third period on one side, and consider sub-utility in the
 

first two 
periods. The situation is illustrated in Figure 6.
 

In an autarchic equilibrium the representative individual would
 

have an endowment 
at point 1, and would consume at point 2. The
 

effect of making this economy part of a larger world is to raise
 

the rate of return; this rotates the budget line 
clockwise,
 

allowing the individual to achieve a higher subutility at point 3.
 

Thus utility in the 
first two periods unambiguously rises. Since
 

the number of 
goods with improved technology is increased,
 

consumption per capita in 
the third period also unambiguously
 

rises, so that there 
 is a definite gain from international
 

integration.
 

We see, then, that it is better to be part of a world economy
 

than to be isolated, even if all countries are alike and there 
are
 

no static economies of scale. The reason is that 
innovation is
 

in this model is a process that 
involves both private increasing
 

returns in a dynamic 
sense, and an external economy -- the 

spillover of knowledge when technologies become part of the public 

domain -- that amounts to a further degree of increasing returns
 

at the aggregate level.
 

However, we need to be careful before making this argument a
 

case for free international trade and investment. The exercise
 

carried out in this part of the paper assumed that being part of a
 

world economy is an all-or-nothing affair, 
in which a country is
 

either completely integrated 
or is shut off not only from selling
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its goods but from learning about innovations elsewhere. A natural
 

question is whether such full integration is better or worse than
 

a world in which countries can learn from each 
other without
 

necessarily selling freely to one another.
 

5. Are trade and investment necessary?
 

A key question for assessing the effects of international
 

integration is 
the extent to which trade and investment flows are
 

associated with flows of knowledge. In practice, 
no doubt, much
 

knowledge crosses 
borders only by being embodied in goods and
 

services 
or by being transferred by multinational firms. However,
 

it is possible to analyze a world 
in which non-proprietary
 

knowledge diffuses internationally even without trade, simply
 

through countries reading each others' journals and watching each
 

others' television shows. Is such 
a world necessarily worse off
 

economically than one with trade and/or investment?
 

To implement this question in 
our model, suppose that in
 

period 2 innovators cannot establish property rights their
over 


technologies if they sell 
goods abroad, and that they therefore
 

sell nnly to the domestic market. In period 3, however, improved
 

technology becomes available 
to foreigners and domestic residents
 

alike.
 

It is immediately apparent that the equilibrium in the first
 

two periods is the same as in the 
case of pure autarky. Thus the
 

subutility in these periods is 
 lower than it would be if
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innovators were able either to export or to produce abroad.
 

However, it is not certain that consumption in the third
 

period will be lower than with full integration. Two issues arise:
 

How large will be the resources that are devoted to innovation,
 

and how efficiently will these resources be used?
 

We have already seen that the effect of integration on the
 

shpre of resources devoted to innovation is ambiguous. This
 

implies that a world economy that does not allow innovators to
 

capture rents in foreign markets might actually devote larger
 

resource to innovation than one that does. As we noted, an
 

intertemporal elasticity of substitution greater than 
one is
 

sufficient to rule out this case, but it is not impossible.
 

Suppose that the imperfectly integrated world actually does
 

spend more 
on innovation than the perfectly integrated one. Does
 

this imply higher third-period consumption? Not necessarily. The
 

reason is the following: as long as the world constitutes an
 

integrated market, there will be no duplication of innovative
 

effort. Remove this integration, and there may well be some
 

overlap, with resources in two or more countries being devoted to
 

the same innovation. This may mean that the number of goods with
 

improved technologies will therefore be less than the number of
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5
 
innovative efforts made
 

Putting these arguments together, 
there would seem to be a
 

presumption but not a certainty that it is better to have an
 

integrated marketplace in innovative industries, not simply an
 

efficient international exchange of information. However, this is
 

only a presumption, not a certainty 
-- in the second-best world of
 

Schumpeterian competition, markets don't 
always do the right
 

thing.
 

6. In term growth
 

The analysis in the paper up until now has been simplified by
 

the assumptions that there is 
a finite horizon and a rgid sequence
 

of periods in which innovations are made, become temporary
 

monopolies, and then become common knowledge. The next step toward
 

realism is to allow an economy with no end in sight, where our
 

three stages are all 
taking place simultaneously. In this section
 

I briefly examine such an economy.
 

Suppose, then, that individuals live forever 
and maximize a
 

discounted function of future subutilities of the form
 

5Realistically, innovation is 
not an arbitrary choice from a
 

number of equally attractive areas. Instead, there 
are some areas
 

where given the current state 
of knowledge an innovative effort
 

looks most promising. This would 
seem to imply that in practice
 

there will be heavy duplication of effort if 
there is no market
 

incentive to avoid it.
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U - " t 6 (17) 

t-0 

where Ct is defined the same way as in (2). The technology of
 

innovation and is also
growth assumed to be the same: an
 

innovation in any good requires F units of labor in this
 

period, and lowers the unit labor requirement to -y its former
 

level in all subsequent periods.
 

For this paper I restrict analysis to the consideration of
 

steady states. Shleifer (1986), 
from whose work this model is
 

almost completely derived, has shown that it i. possible 
that
 

non-steady state paths may occur, and indeed that there may be 
a
 

multiplicity of cyclical equilibria. I 
simply ignore these
 

possibilities, to focus on the 
case of steady growth.
 

The defining feature of a steady state is that there are n
 

sectors in which innovacton takes place every period. Thus uach
 

period n innovators invest F units of labor; n innovators from the
 

previous period are reaping 
their reward of temporary monopoly;
 

and n innovations from the period before that become 
common 

knowledge. Some of these may be the same goods -- that is, a
 

temporary monopoly may have been established in a good where the
 

innovation from two periods back has just become comon knowledge,
 

or 
someone may now be making an innovation in a good where
 

somoeone else currently has a monopoly. However, given the
 

Cobb-Douglas assumption on demand, plus the 
fact that prices are
 

connstrained by the cost of producing using the most recent
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common-knowledge technology, this doesn't matter. All that we need
 

to know is the number n, not which goods are playing which roles.
 

The 
 key point is that in a constant-n economy, both
 

consumption and 
the real wage will grow at a steady rate: the
 

ratio of 
next period's real wage and consumption to today's is
 

-Yn/N(see equation (7)). Clearly, the larger is n, the higher the
 

economy's rate of growth.
 

To analyze the steady state, we follow the 
same procedure as
 

in the finite-horizon model: we look 
for two schedules that
 

simultaneously determine 
the rate of return and the rate of
 

iinovation. One such relationship comes from the consumer side.
 

We note, as in equation (15), that
 

r - (U/aCt)/(au/ac t+l)- 1 6-1 (18)
 
- (Ct/Ct+ ) (8
 

where t is any period. It follows that
 

r -1Y-(n/N)(l-0) 
 (19)
 

which is illustrated as 
CC in Figure 7. The intuition behind the
 

upward slope is straightforward: the higher the rate of
 

innnovation, the higher 
is tomorrow's consumption realtive to
 

today's, and thus the higher the marginal utility of present
 

relative to future consumption.
 

The second schedule comes from the 
return to investors. To
 

derive this, we 
first note that in each period the income of L-nF
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units of labor is spent on consumption goods (the rest being spent
 

on innovation), so :hat 
the sales of each good are (L-nF)/N times
 

the wage rate. If the good is sold by a temporary monopolist, she
 

collects a fraction 
(l-y) of this, so that her return is
 

(l-7)(L-nF)/N units of labor. However, because of the rising real
 

wage rate, labor next 
period is more valuable than labor this
 

period; 
so the real rate of return to innovation is
 

r - FIN- (L-nF) n / N  (20)
 

This relationship may be either upward- or downward-sloping.
 

In Figure 7 it is show as II, upward-sloping but less steep than
 

CC. It is apparent from comparison of (19) and (20) that a
 

sufficient but not necessary condition for II 
to cut CC from above 

is 0 <0, i.e., an intertemporal elasticity of substitution less 

than one.
 

The intersection of II and CC determines 
the rate of return
 

and the rate of innovation. It is now straightforward to examine
 

in this context the effect of the size of the economy. From (20),
 

an increase in the labor force will shift II up, as 
illustrated by
 

the shift to I'I' in Figure 7. Meanwhile, CC will not be affected
 

(a difference from the mechani.s cf the finite-horizon case). Thus
 

the equilibrium will shift from 1 to 2: the 
rate of innovation,
 

and thus the rate of growth, will be larger in a larger economy.
 

As before, we can interpret this as a benefit from
 

international integration. What 
we learn from this extension is
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that the gains from being part of an integrated world economy may
 

be more than a one-shot increase in efficiency: in this context
 

they imply a permanently higher rate of growth than each national
 

economy would achieve on its own.
 

7. Conclusions
 

This paper has set out just about the simplest possible model
 

of technological progress in 
a world in which innovators are
 

induced to do their job because they hope to 
reap the rewards of
 

temporary monopoly. The paper demonstrates, convincingly I hope,
 

two main points: that the static market distortion of monopoly can
 

play a socially useful role, and 
that endogenous technological
 

development increases the gains from international integration.
 

There are several direction in which it would be useful to
 

extend this research. The single-economy model would be more
 

attracti-e if there were room for 
investment in physical capital
 

as well as knowledge; 
in the current framework, acquisition of a
 

temporary monopoly is 
the only form of investment allowed, which
 

is an extreme case. 
The open -economy model would gain richness if
 

countries were 
to be allowed to differ, so that comparative
 

advantage would pin 
down more of the pattern of innovation and
 

trade. However, it is unlikely 
that either of these extensions
 

would change the basic message very much.
 

The real problem with this approach, as with the other work
 

in the new growth theory, is going to be one of attaching any
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empirical substance 
to these ideas. The new growth theory is
 

currently in a state very similar 
to that of the new trade
 

theory, with its emphasis on increasing returns and imperfect
 

competition, about six years ago. At that point the 
new ideas had
 

opened up an exciting new set of noncepts, offering a rigorous
 

language for talking about issues that had previously been poorly
 

articulated and ignored by much of the profession. However, 
once
 

the language and concepts were in place, the next question became,
 

"How important are these effects? How much difference do they make
 

for policy?" No good answer 
has yet been provided in the
 

international area, and this 
has put something of a damper on
 

further work in the area. 
The same will happen in the near future
 

in the growth area; so the priority is really not how to construct
 

cleverer models, but how to build a bridge to reality.
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Discussion of "Endogenous Innovation, International Trade, and Growth"
 

by Paul R. Krugman
 

by
 

Gene M. Grossman
 
Princeton University
 

Surely the most important issue confronting international trade
 

economists concerns the relationship between trade policy and long-run growth.
 

Yet remarkably, trade theory has until now been totally silent on this central
 

question, concentrating instead on issues of static allocative efficiency.
 

Recent advances in the economics of research and development and in the
 

construction of "endogenous-growth" models based on acquisition of knowledge
 

and increasing returns to scale hold out the hope that, at long last, this gap
 

in our understanding can be redressed, and that we will soon be able to say
 

something systematic about the long-run, dynamic effects of alternative trade
 

strategies and policies. 
 Paul Krugman's interesting paper is a first step in
 

this direcUion, exploring as 
it does the implications of an integrated world
 

economy for Schumpeterian innovation.
 

Krugman identifies three channels through which international integration
 

can contribute to the accumulation of knowledge and thence 
to the rate of
 

growth. 
 First, to the extent that research expenses are largely fixed costs
 

independent of the scale of final output, a world market allows these costs to
 

be amortized over a larger production base, thereby reducing average costs.
 

Second, since profits vary positively with the size of the market ceterus
 

Daribus, if integration does not imply any greater competition, as is the case
 

in Krugman's model, then the resultant increase in profit opportunities from
 

integration will augment the incentive to conduct R&D. 
 (Of course,
 

integration can have the opposite effect on the incentive to innovate if the
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introduction of foreign trade means that a given product must compete with
 

closer substitutes, so that the return from product improvement in the form of
 

monopoly profits is reduced.) Finally, global integration opens the
 

possibility for internetional diffusion of ideas and know-how, and thus
 

greater spillovers from a given expenditure of resources on knowledge
 

creation.
 

But Krugman leaves unexplored a number of important issues concerning the
 

relationship between trade opportunities and trade policy on the one hand, and
 

the incentives to conduct R&D and the uses to which the resultant knowledge
 

are put on the other. In particular, Krugman limits his analysis to
 

comparison of a fully integrated equilibrium to equilibria with symmetric,
 

bilateral departures from complete integration. What he does not consider at
 

all is the incentives that a single country might have to depart unilaterally
 

from free trade in goods, capital, and ideas in a world in which comparative
 

advantage is created and production technologies are endogenous.
 

The effects of unilateral departures from full integration are simple,
 

but I think misleading, in Krugman's model. Consider for example the
 

possibility that one country might refuse to protect the intellectual property
 

rights of foreign firms. This, of course, is a major issue of contention in
 

the current trading environment and a topic of negotiation at the ongoing GATT
 

talks in Uruguay. In Krugman's model, the positive effects of such a policy
 

measure are drastic but the normative effects are nil. The country that fails
 

to respect the patents granted by its trade partner will come to perform all
 

product improvement in the first period, while foreign firms will concentrate
 

entirely on production of old goods. But since the original pattern of
 

specialization is indeterminate and immaterial under Krugman's assumptions
 

_J'C,
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about identical technological and identical abilities to improve technology
 

through innovation, the change in the pattern of international trade and
 

innovation induced by this unilateral action of one of the country's will, in
 

most circumstances, have no real effects. 1 
 And since Krugman assumes that
 

free entry eliminates excess profits, the altered pattern of specialization
 

alse has no effect on the world distribution of income.
 

But failure to protect foreign intellectual property nan have real
 

effects in a variety of contexts. 
If, for example, the two countries
 

exhibited comparative advantage in innovation and/or the production of new
 

goods, then the change in the pattern of specialization would have
 

implications for the level of innovative activity and the world distribution
 

of income. 
As an extreme but not entirely unrealistic case, suppose that one
 

country (or group of countries) was unable 
to conduct any research at all.
 

Then this country might well benefit from appropriating the knowledge
 

generated abroad, thereby augmenting its static consumer surplus and turning
 

the terms of trade in its favor. Absent any retaliation, it might gain even
 

though such a policy would mean that less knowledge is created in the long
 

2
run.
 Even without any comparative advantage, a country might benefit from a
 

policy that shifts innovative activities to within its borders if domestic
 

residents hold a majority interest in local 
firms and restricted entry implies
 

If the labor force in the country that does not protect foreign

intellectual property is not large enough to conduct all of the innovation
called for in the integrated equilibrium, then this country will completely
specialize in innovation, the foreign country will conduct no R&D, and the
aggregate number of improvements in the world economy will fall. 
 Such effects
 
are unambiguously harmful in the current context.
 

2The incentives facing a non-innovating country to protect intellectual
property created by residents of its trade partners are explored in Chin and
 
Grossman (1988).
 



4
 

extra-normal returns to research investment, or if the extent of local
 

technological externalities exceeds that of cross-border spillovers.
 

Consider next the implications of unilateral trade policy in Krugman's
 

model. A country that erected barriers to imports of new-and-improved
 

products would again capture all of the innovative activity here. The reason
 

is that innovating firms in the foreign (un-protected) country would find
 

t'emselves at a comparative disadvantage in conducting R&D inasmuch as their
 

return on export sales would be reduced by the amount of any tariff or by any
 

sales lost sales to a quota. Home country firms, facing no such impediments
 

to trade and being equally proficient in innovation and perfectly free to
 

enter, would come to specialize in thi. activity. But again, this policy

induced re-structuring of the pattern of specialization and trade would have
 

no real consequences under the symmetry assumptions adopted here. If,
 

however, we were to introduce into the model considerations that give rise to
 

comparative advantage and a determinate pattern of trade, and/or the
 

possibility that innovating firms could earn super-normal profits, then
 

beggar-thy-neighbor trade policies that served to capture dynamic industries
 

might enhance the national interest. And unlike the analogous proposition
 

from the literature on the static, profit-shifting effects of trade policy
 

under oligopoly,3 this advantage might be realized as an augmented rate of
 

growth due to increased innovative activity (with reduced rates of growth
 

abroad). As Krugman himself has argued in other contexts (see, for example,
 

Krugman (1987)), in the second-best world of imperfect competition, knowledge

based externalities and imperfect international policy coordination, there is
 

little reason to believe that free trade and full international integration
 

3See, for example, Spencer and Brander (1983).
 

If,?1 
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best serves the selfish interests of individual countries, or that it is the
 

likely outcome of a non-cooperative policy-setting process.
 

Turning to more general issues, I think that one of the major challenges
 

facing trade theorists today is to explain the stylized fact that the outward

oriented or export-promoting less developed countries have performed so much
 

better (in terms of aggregate growth in the post-war period) than the inward

oriented or import-substituting countries.4 What is the mechanism by which a
 

country's trade regime affects its long-run performance? And what policy
 

approach is more conducive to rapid growth, one that provides neutral trade
 

incentives, or one that involves active promotion of specific exports
 

activities? 5 Part of the answer to these questions surely lies in an
 

understanding of the different incentives that exist for technological
 

improvement under alternative trading strategies.
 

Even though the less developed countries generally are not engaged in
 

pushing back the frontiers of technical knowledge, nonetheless much growth in
 

these countries can be attributed to increases in factor productivity. This
 

is because, in contrast to the simple first-pass assumption of the Krugman
 

model, the acquisition and assimilation of knowledge already available in the
 

world at large seems not to be costless and automatic even after patent
 

protection has expired, but rather it requires Investment in learning of a
 

sort that is not unlike that needed to develop the technology in the first
 

place. Investment may take the form of small-scale research, or trial-and

4This observation is documented in Bhagwati (1978), Krueger (1978), and
 
elsewhere.
 

5Bhagwa.A (1978) and Krueger (1978) have argued that export promotion has
 
in practice meant a neutral policy environment with no bias for or against
 
exports, whereas Pack and Westphal (1986) claim that active promotion of
 
infant industries lies behind the superior performance of the Asian NIC's.
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error production, or it may simply be a concomitant of accumulated experience
 

in producing. 
In any event, the successful developing countries have been
 

those that have been able to import technologies developed in the North, adapt
 

them to local conditions, and ultimately become competitive in production with
 

the innovating foreign firms in the developed world. 
Economic incentives must
 

certainly play an important role in this process.
 

Those interested in trade policy for the developed countries face a not
 

dissimilar set of concerns. 
To what extent is the Japanese manufacturing
 

"miracle" attributable to its trade and industrial strategy, which often
 

entails infant-industry protection during an initial learning phase, followed
 

by relatively neutral incentives once 
international competitiveness has been
 

achieved? 
What are the implications for the long-run rates of growth in
 

Japan's trading partners of failing to respond to such policies with
 

innovation-promoting policies of their own and also failing to convince the
 

Japanese to desist from such beggar-thy-neighbor strategies? Is should be
 

possible to address these types of issues using the tools and approaches of
 

the "new growth theory", suitably extended to incorporate an integrated world
 

economy with international trade in goods and ideas.
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Comment on Krugman's "Endogenous Innovation, International Trade, and Growth"
 

By Andrei Shleifer
 

Graduate School of Business, University of Chicago
 

Paul Krugman addresses a very interesting question: is free
 

international trade conducive to innovation? His answer is yes, and the
 

reason is a market size effect. If an innovator eijoys a temporary
 

monopoly, then international trade increases the size of his market during
 

this period of tempordry monopoly, and therefore the intiovator's profits from
 

selling in a larger market rise. Because incernational trade raises these
 

temporary profits, it inireases the incentive to devote resources to
 

innovation. This, in brief, is Krugman's argument for international trade as
 

a stimulus to innonvation.
 

Let me begin with a historical note on the market size argument in the
 

discussions of innovation. Although Krugman gives credit for this argument
 

to Schumpeter, there is not much emphasis on market size in Schumpeter's
 

writings. Schumpeter had the notion that entrepreneurs create markets where
 

there were none before, as opposed to being attracted to already large
 

markets. The economist who stressed the importance of market size as a
 

stimulus to innovation is Jacob Schmookler, who in his 1962 congressional
 

testimony and his 1966 book presented considerable evidence that innovations
 

are concentrated in markets where demand is already very large. For example,
 

there was considerable innovation in the railroad industry at the time when
 

this industry was already mature and booming. Krugm&n's model then in its
 

spirit is much closer to Schmookler's conception of the determinants of
 

innovation than to Schumpeter's.
 



Krugman of course goes considerably further and presents a model in
 

which the pace of innovation also determines the level of national income,
 

and therefore the size of the market. The general equilibrium features of
 

the model, however, are not essential, although they make Krugman's
 

specification extremely neat and attractive. Because the paper presents the
 

model so clearly, I will avoid reviewing it and will instead discuss some of
 

the additional issues that the paper raises and that have not been addressed.
 

The substantive issue raised by the paper is the following: does
 

international trade really encourage innovation? Krugman's effect is
 

probably very important in some markets. For example, an airplane maker will
 

probably invest more in developing new technology when he has access to the
 

world market rather than Just the domestic market. The same is probably true
 

for pharmaceutical companies when it comes to investment in developing new
 

drugs. The distinguishing feature of these examples is that innovation gives
 

the firm making it a significant lead time, because imitation is costly and
 

takes a long time, because there are few potential imitators, and because
 

there is considerable patent protection in the market.
 

But it is important to remember that although international trade means
 

larger markets, it also can mean faster and more damaging !mitati-m. Krugman
 

assumes a fixed imitation lag, but, in practice, it might well be the case
 

that imitation is faster when the foreign competitors have the innovator's
 

market to sell into. For example, Korean and Taiwanese imitators' ability
 

to sell in the US probably damages US computer companies more than their own
 

ability to sell in the Korean and Taiwanese markets. If trade opens the home
 

market to potential imitators, it can accelerate the incentives to imitate
 

and the pace of imitation, and as a result reduce the period of temporary
 

monopoly from innovation. To the extent that opening up trade has this
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effect, it can reduce rather than raise the incentive to innovate.
 

A related point is that imitation can be a lot more damaging when it
 

comes from trade partners with much lower labor costs than those prevailing
 

in the innovator's home country. 
Take the case of a US innovator, and
 

compare what happens if he is imitated with a delay by a US company or
 

alternatively by a Far Eastern producer. 
 If the imitator is another US
 

company, that faces high labor costs, the imitation might not be very
 

damaging, particularly if the innovator can keep a technological lead thanks
 

to learning by doing or additional innovation. 
 The effect of such imitation
 

would be to reduce the price of the product, but to still allow the innovator
 

to earn some profits. 
 If on the other hand the imitator is a much lower cost
 

producer, he can really cut the price and eliminate any profit opportunity
 

for the US innovator, even if the latter has some technological lead. As a
 

result, foreign imitation can reduce profits much more than domestic
 

imitation, and therefore reduce the incentive to innovate to a greater
 

extent. 
This is another reason why international trade can be damaging to
 

innovation.
 

A final reason why opening up trade can make imitation more aggressive
 

and in this way hinder innovation is the foreign imitators' disrespect for
 

patent laws. 
 If the innovator has temporary protection of his monopoly from
 

domestic imitators by patent laws, but does not have such protection from
 

foreign imitators, than of course trade reduces the value of his patent, and
 

therefore his incentive to innovate.
 

One can respond to these argumeuits by noting that in some 
cases
 

competition and aggressive imitation foster innovation, since they force the
 

innovator to always try to stay ahead of the competition. This is
 

Schumpeter's old "quiet life of the monopolist" argument that suggests that
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monopoly need not necessarily be conducive to innovation. This argument
 

doubtless has some validity, but one should note that it is almost opposite
 

of Krugman's argument. If opening up trade raises the size of the market and
 

so fattens up the innovator, it might reduce his incentive to strive for
 

further profits, and so inhibit his drive for further innovation.
 

In addition to the problem of more aggressive imitation, there is a
 

second, more conventional argument why opening up trade can reduce the
 

incentive to innovate. This is essentially the standard patent race argument
 

in which more than one competitor invest in R & D in hopes of making the same
 

innovation first. When a potential innovator realizes that other firms are
 

involved in the race to make the discovery, his incentive to invest might
 

fall. The reason is that the firm making the R & D investment realizes that
 

other firms might make the discovery first, and therefore the expected return
 

from R & D declines. In this case, potential discovery by a firm in another
 

country can limit the home firm's incentive to innovate, and even delay the
 

time at which the innovation is made in the world.
 

Even if the effect of competition from a potential innovator in another
 

country is to raise the home firm's investment in R & D, it is not clear that
 

such increase in resources devoted to innovation is socially desirable. The
 

reason is that there is now duplication of R & D efforts, which from the
 

point of view of the world as a whole is a waste. We see then, that
 

integration of world markets can reduce innovative effort because ef R & D
 

competition, and even if it raises such effort, world welfare might fall.
 

The upshot of these comments is not to deny that Krugman has a very
 

interesting model of the effects of world trade on innovation, wbich he most
 

certainly does. Rather, my point is that the effects of world trade on
 

innovation might be extremely complicated, and not easily aggregated into a
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simple bottom line. Professor Krugman's paper serves 
the important function
 

of bringing the issue of the effecs of trade of innovation to our attention.
 

His work will undoubtedly stimulate considerable future research.
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Economists have long suspected that there is a link between national
 

economic policies and the long term rates of growth of countries. For
 

example, Schultz (1981) suggests that many public policies contain
 

disincentives for growth, in that they act to reduce the rewards to
 

accumulation of a comprehensive concept of capital that contains human as
 

well as tangible resources. In this paper, we show that a basic Schultzian
 

model-constructed following leads provided by Uzawa (1965), Lucas (1988b),
 

and Rebelo (1987)-can yield a wide disparity of growth rates in response to
 

modest variations in taxation. Thus, in our analysis, changes in public
 

policy can potentially explain the emergence of periods of secular stagnation
 

or high economic growth.
 

The specific model that we construct is part of a larger program of
 

research into models of endogenous economic growth, i.e., models in which
 

sustained positive average rates of growth in percapita income arise in the
 

absence of exogenous sources of productivity increase. Generally, these new
 

models depart from the basic neoclassical model of Solow (1956), Cass (1965)
 

and Koopmans (1965) by altering intertemporal technology in ways that make
 

sustained growth feasible in the absence of time dependent elements in
 

technology. The specific model that we study is an important class that
 

originates in Uzawa (1965) and retains many of the key properties of the
 

basic neoclassical model: i) asymptotic growth occurs at a constant rate;
 

and (ii)competitive and optimal allocations coincide in the absence of
 

public interventions. The crucial attributes of the class-as developed in
 

Rebelo (1987)-is that there are (i)constant returns to scale; and (ii)that
 

all factors necessary for economic growth can be reproduced and accumulated.
 

Recent work indicates that this class of models is very large, including
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structures vith many capital stocks in the growth "core" and with 

nonreproducible factors outside the growth "core" (Rebelo (1987)); or with 

steady states that are only asymptotically obtained (Jones and Nanuelli
 

(1988)). An essential attribute of these models is that labor be viewed as
 

reproducible, i.e., as human capital in the sense of Schultz (1961) and
 

Becker (1964).1
 

In addition to its main conclusion, our investigation is notable in two 

other ways. First, in examining the potential relation between public policy 

and long term growth, we require that the parameters of the model 

economy-governing aspects of preferences and production technology-are 

restricted to accord with existing microeconomic and macroeconomic evidence, 

a methodology that has proven to provide a powerful organizing tool in other 

areas of research in aggregate economics.2 Second, we apply our methodology 

to versions of the basic neoclassical model, which has served as the 

workhorse of public finance theory for the last several decades. We find 

1
An alternative class of endogenous growth models stemming from Romer (1986) 
stresses social increasing returns to capital formation in the core of 
capital stocks necessary for economic growth. Since models constructed along 
these lines generally also feature productive externalities-to reconcile 
existence of competitive equilibrium with increasing social returns-one need 
not require that nonreproducible factors are unimportant. Further, these 
alternative models generally differ from the class studied here in that: (i)
growth rates accelerate over tiwe (due to increasing returns); and (ii) 
policies that intervene in competitive markets to promote growth are socially 
desirable. 
2Lucas (1980) provides cogent arguments for combining aggregate and
 
microeconomic evidence to restrict dynamic macroeconomic models of business
 
fluctuations. Other applications of this strategy include Mehra and
 
Prescott's (1985)) work on asset pricing and recent work on real business
 
cycles as surveyed by King, Plosser and Rebelo (1988ab).
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that neoclassical models have positive implications that are grossly at
 

variance with major features of long term economi7 growth. Notably, with a
 

central role for nonreproducible factors, the basic neoclassical-model cannot
 

readily explain why there are relatively small secular movements in market
 

indicators of the return to capital. Thus, our paper simultaneously provides
 

i) a demonstration of the feasibility and desirability of exploring a new
 

class of economic models; and (ii)an indication of the limitations of
 

further pursuing conventional directions.
 

The details of our investigation of public policy and economic growth are
 

as follows. In section I, we provide some stylized facts about the process
 

of economic development, drawing on prior work by Kaldor (1961). In section
 

II, re provide a discussion of the consistency of these facts with the basic
 

neoclassical model of Solow (1956), Cass (1965), and Koupmans (1965). For
 

the past thirty years this framework has served as a basic analytical tool
 

for studying aspects of long term growth and as a laboratory in which to
 

undertake policy experimants. This lengthy tradition makes many of us
 

unwilling to discard the neoclassical model without a demonstration of
 

central deficiencies, so we begin Qui paper with a thorough critical review.
 

We begin by discussing the conventional set of cross-sectional empirical
 

tests that have been used to explore a major implication of the basic
 

neoclassical model, which is that in the absence of different rates of
 

technological progress countries should converge to the same long run growth
 

rate. We express a critique of the power of these tests in the presence of
 

cross-country differences in public policies. However, we then provide
 

simulations of parametric economies that demonstrate what we believe to be
 

the major empirical failing of the basic neoclassical model: it cannot
 

account for the pattern of cross-country diversity in rates of growth without
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introducing substantial heterogeneity in the rate of technological progress
 

across countries or generating counterfactual predictions for the behavior of
 

the real rate of return.
 

Section III provides our analysis of growth through human capital
 

accumulation and the incentive effects of public policy on this process. Our
 

analysis proceeds in three stages. Following Rosen (1976) and Heckman
 

(1976), we discuss optimal individual accumulation of human capital and the
 

influence of various taxes on it. To highlight the role of taxes and to
 

conform to prior microeconomic studies, our analysis takes key prices as
 

exogenous-the wage rate per unit of human capital; the price of investing in
 

human capital; and the real interest rate on consumption loans. Our next two
 

stages make these relative prices endogenous. First, we specify technologies
 

for producing consumption and investment goods, while retaining an exogenous
 

borrowing and lending rate. This provides a framework to discuss a small
 

open economy's accumu2ation of nontraded kuman capital. In this section,
 

policies can alter prices through changes in factor mix, as well as through
 

the direct tax effects analyzed in the individual's problem. Second, we
 

study a full general equilibrium in which the rate of return adjusts to
 

equate borrowing and lending or, equivalently, savings and investment. This
 

provides a final set of policy influences on the growth rate.
 

Not surprisingly, the magnitude of policy effects on the rate of growth
 

depend on the specification of preferences and technology. But a virtue of
 

our approach is that it indicates microeconomic measurements that would be
 

valuable in isolating the effects of policies on growth.
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I. Stylized Facts of Economic Growth
 

A natural reference point in terms of summarizing the empirical evidence
 

on the growth process is the set of stylized facts identified by Kaldor
 

(1961). These empirical regularities constitute the motivation for the basic
 

neoclassical model, and hence., can also be used to provide an informal
 

assessment of of the adequacy of the new theories we discuss.
 

Kaldor observed that three variables seem to be relatively constant over
 

time: the rate of return on capital, the capital and labor shares in
 

national income, and the capital-output ratio. In contrast, he identified a
 

tendency for the productivity of labor and for the capital-labor ratio to
 

rise at a steady pace. Finally, Kaldor observed that the growth rate of
 

labor productivity differed significantly across countries.
 

Romer (1988a) recently reviewed the evidence on Kaldor's descriptions of
 

the behavior of labor productivity, labor and capital shares, and of the
 

capital-output ratio. He concluded that, except for some evidence of a
 

downward trend in the share of capital income, the stylized facts described
 

above continue to be reasonable descriptions of zhe data.3
 

Our discussion fociises on the behavior of the real interest rate and of
 

the growth rate of percapita real gross domestic product, relying on data
 

from Summers and Heston (1984) and Maddison (1982).
 

3Maddison (1987), p. 660, also reports evidence that points to a secular
 
decline in the share of capital in GDP. However, he discusses several forms
 
of measurement error that may have caused this decline and proceeds to use a
 
constant capital share in his growth accounting calculations.
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1.1. Real Gross Domestic Product Percapita
 

We provide three descriptions of the behavior of the growth-rates of
 

percapita real GDP in the Summers and Heston data set. 
 The first consists of
 

Table 1 which provides a list of average growth rates, and their standard
 

deviation by country for the period 1950 to 1981. 
 The number of observations
 

available for each country is also reported. The second is Figure 1 which
 

associates the level of percapita real GDP in 1960 with its average rate of
 

change over the period from 1960 to 1981. The third is Figure 2 which shows
 

the relationship between growth rates for two consecutive subperiods:
 

1950-1969 and 1970-1981.
 

To complement this evidence we study the long run behavior of percapita
 

real GDP for sixteen advanced market economies using data form Maddison
 

(1982).
 

Table 1 documents the large diversity in average rates of growth to which
 

we alluded in the introduction. There seems to be a sma2l negative
 

relationship between growth and its volatility-the correlation between the
 

average rate of change of GDP and its standard deviation is -.07.
 

Figure 1 shows that the level of income percapita in the beginning of the
 

period seems to be unrelated to whether a country subsequently grows slowly
 

or fast. The estimate of the correlation between the rate of growth and the
 

level of income percapita in the beginning of the period is .13. This
 

estimate indicates that if any relationship exists between the level of
 

economic activity and the subsequent growth rate it is likely to be positive.
 

This fact is often invoked to dismiss the convergence predictions of the
 

neoclassical model.
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Figure 2 documents the extent to which there is persistence in the growth
 

process.4 It considers two subperiods, 1950-1969 and 1970--1981, The
 

correlation between growth rates in the first subperiod and in the second is
 

.39, indicating a tendency for an initial period of high (low) growth to be
 

followed by another period of iigh (low) growth.
 

Table 2 uses data from Maddison (1982) to examine the presence of trends
 

in the rate of change of percapita GDP. The sample includes the US, Canada
 

Japan, Australia, and twelve EurcTean countries. These countries were chosen
 

for haviz'- data on real GDP and population available for most of the 1870 to
 

1910 perioO (in some cases this time interval had to be divided in two parts
 

due to missing observations). "Theevidence is hard to interpret-the data
 

for the 19th century and beginning of the 20th century is not very reliable
 

and the sample is influenced by three major events, the two World Wars and
 

the Great Depression. Nevertheless, the vast majority of the trend estimates 

is positive although not statistically different from zero at conventional
 

significance levels. Among the countries with data available for the full
 

sample per.iod Italy and Norway are the only cases in which the (positive)
 

trend estimates are significantly different from zero. The four countries
 

with data for only part of the sample (Austria, Belgium, Japan, and 

Switzerland) show higher average growth rates in the second part of the 

sample than in the first part and (except for Japan) exhibit trends in the 

rate of growth not significantly different from zero in each subperiod. We
 

interpret these results as supporting the view that there seems to be no
 

41n Figures 2, 3 and 4 the symbol * denotes the mean across countrieg of the 
two variables represented on the axes. 
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general long run tendency for the rate of growth to decrease in advanced
 

economies.
 

1.2 Public Policy and Growth
 

One of our main focuses in the theoretical sections will be on policy
 

implications of public policy for economic growth. 
The Svmmers and Heston
 

data set contains only one policy measure, the share of government in GDP.
 

The relationship between this share of the rate of growth GDP percapita is
 

illustrated in Figure 3. For the full Summers and Heston sample the
 

correlation is -.13. 
 However, over subsamples this correlation is not
 

stable: it is basically nil in the period 1950-1969 and -.33 in the period
 

1970-1981. 
 This is associated with the relatively small persistence in the
 

share of government expenditure in GDP. Figure 3 suggests that public policy
 

does not offset growth through the expenditure channel.
 

Finally, Figure 4 plots the rate of growth in real per capita GDP against
 

the share of national product devoted to investment. The correlation between
 

these two variables for the entir6 sample is .46. Further, there is
 

considerable persistence in the share of GDP that countries devote to
 

investment. Thus, if policy affects growth, its influence may well derive
 

from an influence on the share of investment.
 

1.3. Real Interest Rates
 

As will be clear from the theoretical discussion, evidence on the
 

behavior of the real interest rate plays a crucial role in allowing us to
 

distinguish between different models of economic development.
 

The modern evidence largely supports Kaldor's contention that the real
 

interest rate has been relatively constant over time. Even though there are
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well-known difficulties in obtaining meaningful estimates of real rates of
 

return, namely controlling for risk and correcting for anticipated inflation,
 

we believe that if pronounced trends were present in the data these would
 

eventually surface despite measurement error problems.
 

Our first source of ovidence is Homer's (1963) historical study of
 

interest rates, which examines the behavior of interest rates since Ancient
 

times until the 20th century. From the spectrum of interest rates existing
 

in any country at any given time, Homer considers the lowest regularly
 

reported rate to be the one suitable for studies of long run trends. This is
 

preferable to the average rate which bundles together the returns to assets
 

with different risk characteristics.
 

Although the rates of return reported are nominal and the nature of the
 

urderlying assets extremely diverse, we believe that the evidence presented
 

by Homer and summarized in Table 3 is useful in terms of judging whether or
 

not Kaldor's description of the behavior of the real interest rate is
 

adequate. Table 3 makes it hard to view the early stages of development as
 

being accompanied by very high or very low real interest rates. Further, it
 

indicates that for most countries the real interest rate seems to have
 

decreased over time. However, its rate of decrease is extremely small so
 

that for one hundred year periods-the time frame we will consider-Kaldor's
 

contention that the real interest rate appears to be constant is not
 

inconsistent with Homer's evidence.
 

Our second source of information on the behavior of the real rate of
 

return is Ibbotson and Sinquefield's (1982) compilation of returns on various
 

U.S. securities in the period 1926 to 1981. Table 4 tests for the presence
 

of trends in the real returns to common stocks, small stocks, long-term
 

corporate bonds, long-term government bonds and U.S. Treasury Bills. At
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stan4ard significance levels, we cannot reject the hypothesis 
of no trend in
 

The trend coefficients on the real
 the returns to stocks and treasury bills. 


rate of return on long-run government and corporate bonds 
are negative, of
 

the order of -.02 percent and significantly different 
from zero at levels of
 

significance of 2 and 10 percent, respectively.
 

We interpret these two sets of evidence as being broadly consistent 
with
 

the view that growth in percapita income is not accompanied by systematic
 

increases or decreases in the real rate of return on capital.
 



II. Counterfactual Implications of the Neoclassical Model
 

This section is devoted to our critique of the neoclassical model. The
 

essence of our argument is that the transitional dynamics associated with
 

capital accumulation are inconsistent with Kaldor's facts, so long as there
 

is an empirically reasonable amount of diminishing returns to capital.
 

II.1 Outline of the Model
 

We start by reviewing a discrete time version of the standard
 

neoclassical model with exogenous technical progress. Our discussion focuses
 

on general properties of this model economy as a framework for explaining
 

long term growth in percapita quantities, so our exposition abstracts from
 

population growth.
 

Output, denoted by Yt, is produced according to a constant returns to
 

scale production function with the usual neoclassical properties.
5 The
 

factors of production are capital (Kt) and labor (Nt), augmented by the
 

productivity index X. We often refer to Xt as representing "technological
 

progress" but, as discussed in section III, this is really a catch-all phrase
 

to summarize all the sources of productivity growth exogenous to the model.
 

For simplicity, labor supply is viewed as exogenous.
 

Y = F(KtNtXt) (I.1) 

Output can be used for consumption (Ct) or devoted to investment (I ) 

5The production function is assumed to be constant returns to scale, concave,
 
twice continuously differentiable, to satisfy the Inada conditions, and be
 
such that both factors are essential in production.
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¥t - Ct 4 It (11.2) 

Capital depreciates at rate 6. 

Kt+ m It + (I-6)Kt (11.3) 

Technical progress grows at rate x- . 

Xt+ ., W;X Xt (11.4) 

Finally, the initial conditions K and X°0 are given.
 

It is well known that the only sustainable growth path is one in which Yt.
 

Ct , It , and Kt grow at the rate of expansion of technical progress, 7x-1.
 

This trajectory is an example of a steady state path, which we define as a
 

trajectory along which the rate of growth of labor supply and of the
 

production of capital and consumption goods are constant. 6
 

II.1. The Convergence Implication
 

When a description of savings behavior is added to the basic neoclassical
 

model, there is generally a strong implica;.ion that all economies should
 

converge to the steady state growth path. For example, if we follow Solow
 

SThis concept of steady state allows for changes in the number of hours
 
worked. Although this is beyond the objectives of this paper, the motivation
 
for this is to accommodate the secular decrease in percapita hours worked
 
documented in Maddison (1982). In endogenous labor models this phenomenon
 
can be incorporated by choosing preferences that imply a (extremely small)
 
constant decrease in the fraction of time devoted to work in the market.
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(1956) by assuming a fixed savings rate and constant labor supply, then the
 

dynamic, of accumulation are given by
 

Kt+ I - Kt -sF(KtNXt)-6Kt, (II.5)
 

where s is the savings rate. Relative to the steady state growth path this
 

process is just
 

7xkt+I - kt = sF(kt,N) - 6kt, (11.6) 

where kt=Kt/X From any initial capital stock k0, this difference equation
 

converges monotonically to a unique stationary value k* satisfying
 

(-t-l)k* = 8F(k*,N) - 6k*. Thus, if countries begin with a relatively low
 

capital and, hence, low income, they will initially grow faster. However, in
 

Figure 2, we sar little tendeincy for a low initial level of income (in 1960)
 

to be followed by high rates of expansion over the subsequent two decades.
 

This fact is often taken to be a strong refutation of the neoclassical model
 

but we are skeptical about relying on it in a world with potential
 

heterogeneity in production possibilities, preferences and public policies.
 

The basis for our skepticism can be illustrated by using a version of the
 

Solow (1956) model that incorporates heterogeneity by adding a country
 

superscript j and specializing the production fanction to the Cobb-Douglas
 

form. Solow's difference equation then takes the form:
 

Kjt - j- . A. K. N ) n (1.5') 
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=with ak + an 1. The implied dynamics of transformed capital are: 

k an
 

xkjt41 - kjt Aj tjt - k 


1ll ak-i) 
with a stationary value k* = [(7- 6.1)/(sAN al)]

xi ii i
 

In this simple extension of the Solow model there is potential
 

heterogeneity in initial conditions (k ) and terminal conditions (k*) so that
 

one might expect levels and growth iates to be roughly uncorrelated as in
 

Figure 2.
 

Thus, we believe that one cannot understand the deficiencies of the basic
 

neoclassical model without undertaking a detailed quantitative evaluation of
 

its properties when its parameters are restricted by empirical evidence.
 

11.3 The Real Interest Rate and Technology
 

One can extract some information about the behavior of the real interest
 

rate in the neoclassical model without specifying preferences. Using the
 

fact that percapita GDP increased in the U.S. by a factor of 7 in the last
 

century (see Maddison (1987), Table A-4) and the knowledge of today's real
 

interest rate, we can compute what the real interest rate should have been
 

one century ago according to the model. Since in 1960 the percapita GDP of
 

most underdeveloped countries was about 1/7 of that of the U.S. (see
 

Figure 1) this calculation also provides information about the interest rate
 

differential that would have to exist between the U.S. and those countries in
 

the absence of international capital markets.
 

Suppose that technology is Cobb-Douglas, labor supply exogenous and that
 

there is no technological progress. The capital stock that rationalizes a
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given value rT of the real interest rate today is 
an /(ak-1) 

KT = [akAN n(6+rT) ] . In this expression (as above), a- is labor's 

share, ak is capital's share, N is the supply of labor, A is th6 level 

parameter of the production function, and 6 is the depreciation rate. Given 

KT and the fact that output increased 7 times over the course of a century we 

can compute the capital stock that should have been in place one century ago, 

K0 = KT/(y1/ak), and the associated real interest rate, r° = akAKo(Nk-1)N % 

b. To construct a baseline scenario, we choose parameter values that reflect
 

the U.S. experience in the post-war period. We choose the capital share to
 

be 1/3, which accords with the estimates reported in Maddison (1987), Table
 

8. The labor supply is set to .2which is the average fraction of time
 

devoted to work in the period 1948-1986. 7 The real interest rate in the end
 

of the period is set equal to the average return to equity in the 1948-1986
 

period--6.5% per annum. .erate of capital depreciation is set to 10%,
 

which is within the range reported by Maddison (1987), Table 7. This
 

parameterization of the neoclassical model implies that the real interest
 

rate one century ago, r0 , should have been a staggering 789.5% a year!
 

Table 5A summarizes the predicted values for r under different
 

hypotheses for the growth rate of exogenous technical progress. The value of
 

the real interest rate in the beginning of the period is lower when a smaller
 

fraction of growth is associated with transitional dynamics. Naturally, if
 

the economy is at the steady state at time zero, so that there are no
 

transitional dynamics, the rate of interest is the same in the beginning and
 

?King, Plosser and Rebelo (1988) discuss derivation of this number from the
 
Household Survey published by the Bureau of Labor Statistics.
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in the end of the period. The first column of Table 5A is devoted to the
 

baseline model which has the technology we just described. Columns 2, 4 and
 

5 consider perturbations of this baseline scenario which involve different
 

rates of depreciation, capital shares and terminal real interest rates. In
 

Column 3 labor supply is taken to be .36 in the begiuning of the period and
 

.2 at the end of the period, so as to reflect the decrease in hours devoted
 

to market work occurred in the last century (see Maddison (1987), table A-9).
 

The message implicit in Table 5A is clear: transitional dynamics cannot
 

account for a large fraction of the expansion in output without generating
 

implausible values for the real interest rate in the beginning of the period.
 

In order for all the output expansion to be associated with transitional
 

dynamics the real interest rate one century ago should have been higher than
 

100%, unless we postulate an implausibly high share of capital in production.
 

Table 5B explores a variation of the baseline model in which the
 

elasticities of substitution in production are different from the unitary
 

elasticity associated vith the Cobb-Douglas production function. All
 

economies have a CES production function with elasticity of substitution p
 

and the same terminal capital stock, KT = 100. The remaining two parameters
 

of the production function are chosen so that rT is 6.5% and the share of
 

capital in output at time T is 1/3. This ensures that at time T all the
 

economies have the same capital stock, real interest rate, production and
 

capital share but different elasticities of substitution.
 

One eight expect that with elasticities of substitution lower than one
 

the value of r0 would be higher than that associated with Cobb-Douglas
 

production. This is not necessarily true as the last line of Table 5B
 

shows-without technological progress, a decrease in the elasticity of
 

substitution from .9 to .5 actually decreases r0 . This is partly due to the
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fact that the marginal products schedules for these two CES production 

functions intersect twice, at KT and at a value of the capital stock between 

zero and KT . 

With non-unitary elasticity of substitution in production the capital 

share is no longer constant over time when the economy is not following a 

steady state path. It decreases over time when p < 1 and it increases for 

p > 1. Table 5B indicates that varying the elasticity of factor substitution 

away from one moderates in some cases the predicted values for r0 -with no 

exogenous productivity growth the value of r0 associated with p = .5 is 

111.6, roughly seven times smaller than that associated with Cobb-Douglas 

production. However, the values of r0 continue to be extremely high in light 

of the historical evidence (see Table 3) when the role of transition dynamics 

is significant. Furthermore, varying the elasticity of substitution 

generates implausible implications for the evaluation of the share of capital 

in production (for instance, with p = .5 the share of capital decreases by 

roughly 3 fold over the course of a century). 

II. 3. Preferences and Dynamic Conpetitive Equilibrium
 

To discuss the form of preferences consistent with steady state growth in
 

the presence of labor augmenting technical progress, it is easiest to examine
 

the economy's competitive equilibrium. For expositional purposes, we
 

consider a market structure with spot labor markets and one-period loan
 

markets under perfect foresight.
 

Profit maximization by firms implies that in any period the real interest 

rate Urt ) must equal the net marginal product of capital: rt - DF(Kt,NtX) 

6,where DiF(.) denotes the ith partial derivative of the function F(.). In 

the steady state the real interest rate is constant since K and X grow at the 
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same rate. This implies that the steady state path will only be an
 

equilibrium if households choose to expand their consumption at a constant
 

rate when faced with a constant interest rate. If preferences are time
 

separable this implies that momentary utility must be isoelastic, i.e.
 

life-time utility must take the form:
 

E t) 

t=O
 

U M u(C (11.7) 

c1-Or_
 
1
 

with u(Ct) 1-a
 

Given these preferences, households choose the growth rate of consumption 

to be mC - [0(1+r)] 1/ . Since feasibility requires that yC - y*, the steady 

state real interest rate must be r = (74 /#) - 1. This pins down the steady 

state capital-labor ratio (K/NX). The real interest rate, the output-capital 

ratio, the shares of capital and labor in income and the consumption and 

investment shares in output are constant along the steady state trajectory. 

Transitional Dynamics
 

Specifying preferences allows us to go beyond the simple calculations of
 

the real interest rate at time zero. We analyze the transitional dynamics of
 

the model by studying the optimal (and competitive) path of an economy whose
 

capital stock has associated a level of percapita output seven times smaller
 

than that associated with the steady state. This analycis adopts the
 

baseline parameters for technology that underlies Table 5A; specifies
 

preferences to be (11.7); and chooses fi to be consistent with a steady state
 

real interest rate of 6.5% (the steady state real interest rate is
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r Cl/f) - I). We experiment with various forms for the momentary utility 

function u(C).
 

Figure 5 depicts the trajectories of capital, output, consumption and
 

investment for the case of logarithmic monentary utility. The dynamic
 

equilibrium displays high real interest rates and fast expansion in early
 

stages of development.
 

Table 6A lists the average annual rates of growth of output and capital
 

and the average annual real interest rate for successive 5 year periods
 

8
within the first 50 years. Line one of the table reports numerical results
 

that correspond to Figure 5, i.e., for the case in which the intertemporal
 

elasticity of substitution (I/o) is equal to one. The transitional dynamics
 

are remarkably rapid in tV'. model-after 8 years half of the adjustment
 

toward the steady state is completed. Average real interest rates are very
 

high in early stages of development, that is approximately 100% per annum.
 

8The numerical results reported in Tables 6 and 7 were obtained by rhooting
 
methods. The easiest vay to study the model's transitional dynamics is to
 
consider a planning problem in which a benevolent planner maximizes welfare
 
of the representative agent subject to the technological constraints spelled
 
out in the main text. The first order conditions for this planning problem
 
can be expressed as a system of two autonomous first order non-linear
 
difference equations in K and A, the Lagrange multiplier associated with the
 
resource constraint. Given knowledge of A° and K we can solve this system
 

of equations forward. The value of A has to be such that the
 

"transversality condition" lim /tAtK = 0 is ratisfied. This condition is 

the analogue of the complementary slackness condition that arises in T period
 
problems associated with the restriction KT 1 0. Shooting methods are
 

iterative procedures that start with a guess for A0 , solve the system of
 

difference equations forward, and check whether the transversality condition
 
is satisfied. In case it is not, the initial guess is revised, using methods
 
for finding zeros of equations (e.g., Newton-Raphson). A detailed discussion
 
of shooting methods can be found in Lipton et al (1982) and Roberts and
 
Shipman (1972).
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With lower intertemporal substitution (o - 20) the growth process is much 

more protra-ted, as the second line of Table CA demonstrates. The half life 

of the system dynamics is now 61 years. The low elasticity of intertemporal 

substitution leads agents to prefer a smoother path for consumption than in 

the baseline model (when a a 1). On the one hand, less intertemporal 

substitution leads to lower rates of growth in early development periods than 

in the baseline scenario. However, on the other, it implies even higher 

values of the real interest rate than in the case of c = 1. This example 

demonstrates how reparameterizing the neoclassical model simply shifts the 

difficulty to another area. We will repeatedly encounter this theme as wc 

proceed through this section. 

The third parameterization modifies momentary utility to the form:
 

u(c) = log(c-c), where c denotes the subsistence consumption level. In this
 

model, there is an unstable steady Ftate at the level of sustainable capital
 

stock compatible with c. This low level steady state resembles somewhat the
 

"poverty trap" familiar from the development literaCure. That is, despite
 

the good investment opportunities the country does not invest because
 

production is ba:vely enough to attend to subsistence consumption and to the
 

replacement of the depreciated capital stock. In the parameterization
 

examined, we chose -.
to be .04 which represents 95% of the resources
 

available to the economy in the end of the first period (production plus
 

non-depreciated capital). This economy displays a "hump-shaped" growth path
 

(although this cannot be concluded from the averages reported in the
 

table)--growth rates are low in the initial periods, subsequently rise and
 

then decline. But again, altering preferences to produce more protracted
 

transitional dynamics also generates higher real interest rates in initial
 

stages of development than those asi;ociated with the baseline scenario.
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In line 4, we perturb the basic model by altering capital's share to be a 

- .5,which we think is a plausible upper bound. Transitionalvalue of ak 

dynamics are more persistent relative to the baseline model but real interest 

rates, though lower, are still high in the early stages. 

The experiment reported in the last line of Table 6A is suggestive. If
 

= 
the share of capital is moved to ak .9,so that the production function
 

comes close to being constant returns in the factor that can be accumulated,
 

the process of transitional dynamics is protracted and the real interest rate
 

assumes more moderate values in early stages of development. But ak=.9 is
 

counterfactual, if we maintain that capital earns a competitive factor share.
 

11.5. The two-sector neoclassical model
 

One might think that the results of the experiments above are peculiar to
 

Table 6B sheds light on this conjecture.
the one-sector nature of the model. 


It summarizes the adjustment path for a two-sector model in which both
 

production functions are Cobb-Douglas with level parameters normalize0 to
 

The labor share in the capital sector is taken to be .5. We experiment
one. 


with two altermative values of the labor share for the consumption industry,
 

.50 the two sector model generates results
 = .25 and 4K = .75. (When Wk =Wk 


identical to those reported on line 4 of Table 6A since it reduces to a
 

one-sector economy.) The remaining parameters and initial capital stock of
 

the economies that underlie Table 6B are identical to those of Table 6A.
0 As
 

90utput measured in terms of the consumption good is given by Yt ZPtIt +C+V
 

Since pt, the relative price of investment in terms of consumption is
 

endogenous, we cannot compute directly the value of K0 that has associated a
 

value of output seven times larger than that of the steady state. We used
 

instead the :alue of K° implied by the one-sector model so that Table 6B can
 

be readily compared with Table 6A. This choice did not affect the results
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one might expect, separating out the consumption sector and making its
 

production function nore linear in capital makes the interest rate
 

implications less dramatic but still generates implausible values for r0 . In
 

order to generate empirically plausible values for r one has to postulate
° 


that the production function of the capital sector is close to linear in
 

capital.
 

11.6. Adjustment Costs
 

Costs of changing the capital stock are another potential avenue for
 

eliminating the counterfactual implications for the behavior of the real
 

interest rate. We consider below a version of the neoclassical model with
 

adjustment costs similar to the one developed by Abel and Blanchard (1983).
 

To preview the results of this investigation, it is true that if one freely
 

chooses the adjustment cost function, then one can overturn the implication
 

for the beginning of period real interest rates. But there are then other
 

undesirable implications. Moreover, we would like to employ adjustment cost
 

functions that are empirically reasonable on other grounds. For this
 

purpose, we draw on work by Hayashi (1982) that develops the connection
 

between adjustment costs and Tobin's q-the ratio of stock market valuation
 

of existing capital to its replacement cost. We conclude that one can only
 

overturn the implication of implausibly high interest rates at the cost of
 

generating counterfactual values for Tobin's q. That is, initial period q
 

falls well outside the range of values that have been estimated in the
 

literature on empirical investment equations.
 

discussed in the main text.
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The introduction of adjustment costs requires that we alter the resource
 

constraints of the neoclassical model as follows
 

Yt M Ct + Zt[1 + h(Zt/Kt)] (11.2')
 

Kt+1 ,Zt VI.'+ (1-b)K . 

In the standard model, one unit of investment increases the capital stock by
 

+
one additional unit. Now it is necessary to invest I + h(Zt/Kt) 

(Z /Kt)Dh(Zt/Kt), where Dh(.) denotes the derivative of h(.). 

The adjustment cost function h(.) is assumed to be homogeneous of degree 

zero in Z and K. As Hayashi (1982) has shown, this makes the theory 

operational since it allows us to determine Tobin's marginal q by measuring 

average q. We assume that h( = 0 and Dh(h) = 0, so that the steady state 

capital stock is not affected by the introduction of adjustment costs.
 

Without this assumption the adjustment costs economy would have a lower
 

steady state capital stock than the comparable standard model. This would
 

To make clear that our conclusions do not
contribute to an increase in ro.
 

hinge on this effect, we chose to eliminate it.
 

Finally, we postulate that both the adjustment costs and the total cost 

of investing are increasing: Dh(.) > 0, and 2Dh(Zt/Kt)) + (Zt/Kt)D
2h(Zt/Kt) > 

0, where D2h(.) denotes the second derivative of h(.). 

The value of Tobin's (marginal) q implied by this model is
 

qt = 1 + h(Zt/Kt) + (Zt/Kt)Dh(Zt/Kt) (11.8) 

and the real interest rate is given by:
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r t - [DFCKt ) + (Zt/Kt)Dh(Zt/Kt)]/qt_l + (1-b)qt/qt_l -1 (11.9) 

The consideration of adjustment costs introduces two conflicting effects 

on the real interest rate. First, the fact that the cost of increasing 

capital by an extra unit is now higher than one (qt-I = 1 + h(Zt/Ktt ) + 

Dh(Zt/K t t ) (Zt A/K t - ) > 1 ) lowers the real interest rate relative to the 

non-adjustment cost case. Second, the fact that an additional unit of 

capital lowers adjustment costs ((Zt/Kt)Dh(Zt/Kt ) > 0 ) contributes to a 

higher value of the real interest rate. Equation (11.9) makes clear that low 

values of the real interest rate can only be obtained by introducing 

adjustment costs that imply large values of q. 

Summers (1981) showed that when h(.) takes the functional form (II.10),
 

the model described above predicts a linear relationship between Zt/Kt and
 

qtt
 

(b/2)(Zt/Kt - a)2
 h(Z /Kt) = Z /K when Z/Kt >a
 
t t ZtAt t t
 

(II.10)
 

h(Zt/K) = 0 when Zt/Kt < a
 

Estimating this linear relationship correcting qt for the effects of 

taxation, Summers (1981) obtained the following estimates: b = 32.2 and 

a = .088. The requirement of no adjustment costs at the steady state implies 

that the rate of depreciation must be equal to a, so we set 6 equal to .088. 

With these parameter values in hand we can study the model's implications
 

for the behavior of real interest rate. Table 6C summarizes the transitional
 

dynamics of a version of the baseline model in which we introduced the form
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of adjustment costs described above. This Table confirms what expression
 

(11.9) led us to expect. While the introduction of adjustment costs
 

moderates the implications of the model for r0 , it does so by simultaneously
 

generating implausibly high values for Tobin's q. The average value of q in
 

the first five years of the simulation is 13.4. This value is well outside
 

the range of values for q estimated in the invstment literature (the highest
 

value of q reported by Summers for the period 1933-1978 is barely above 2).
 

The conclusion that low values of r0 can only be obtained by postulating
 

empirically unacceptable adjustment costs is independent of the connection
 

between adjustment costs and Tobin's q which we used to organize our
 

discussion. To demonstrate the implausibility of the adjustwentC costs that
 

underlie the first line of Table 6C it is sufficient to cite the fact that
 

they imply that-at time zero-the marginal adjustment costs associated with
 

increasing installed capital by one unit are equal to 20.3 units of output.
 

II. 7. Implications for open economies
 

The numerical results reported so far have been interpreted using the
 

neoclassical model as a model of a closed economy or alternatively of the
 

world as a whole. Taken together, the versions of the model considered
 

involved implausibly high real interest rates for the beginning of this
 

century. Alternatively, one right view the neoclassical model as predicting
 

how the real interest rates should be related to the level of development i:i
 

the absence of international capital markets. Under this interpretation
 

ro-rT becomes the diflerential between the rate of return to capital in
 

developed and underdeveloped countries predicted by the model. This
 

differential is so large that it is hard to believe that investment flows
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from rich to poor countries would not take place, even taking into account
 

such factors as political risk, transaction costs, etc.
 

In fact, in the standard open economy neoclassical view, capital flows
 

would instamtaneously equalize the rate of return in all countries so the
 

process of adjustment would be instantaneous. Again, one might think that
 

introducing adjustment costs would eliminate this unrealistic implication by
 

creating a wedge between the marginal product of capital and the real rate of
 

return to capital. In other words, making the cost of investment increasing
 

in the rate of expansion of the capital stock might potentially smooth out
 

the flow of investment from rich to poor countries so that the transition
 

period might be very long. Table 7 summarizes the transition path of an
 

economy with adjustment costs identical to the one that underlies Table 6C
 

but that can borrow and lend in the international capital market at the rate
 

of 6.5% per year. This Table shows that, even with adjustment costs that
 

imply values for Tobin's q greater than 20, the model still predicts a fast
 

process of convergence-the average growth rate of output in the first five
 

years is 18% per annum. This leads us to conclude that it is not possible to
 

attribute an important role to transitional dynamics in accounting for the
 

expansion of percapita income observed in the last century. On the basis of
 

the neoclassical model, we cannot reconcile the presence of (possibly
 

imperfect) international capital markets, with the absence of a very rapid
 

process of cross-country convergence.
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11.8. 	The Bottom Line
 

While we studied the most commonly used versions of the nooclassical
 

growth rodel, there are (of course) many other variations we could have
 

considered.10 However, we believe that the inconsistency of the neoclassical
 

transitional dynamics with Kaldor's stylized facts is a basic feature of this
 

class of environments.
 

Thus, the neoclassical models discussed to this point are deficient as an
 

explanation of economic growth. Steady state growth is compatible with the
 

stylized facts presented by Kaldor but the long run growth rate is determined
 

exogenously. In order to explain a given pattern of diversity in rates of
 

growth as the outcome of steady state dynamics, one would have to assume that
 

countries that grow faster have higher rates of exogenous "technical
 

progress," i.e. we have in effect assume a priori the pattern of diversity we
 

are trying to explain.
 

100ne commonly used extension of the standard neoclassical model which we have
 

not considered in the main text makes the supply of labor endogenous. This
 
model leads, in general, to higher values of r0 than the baseline model since
 

labor supply tends to move inversely with the capital stock (see King,
 
Plosser and Rebelo (1988)).
 

http:considered.10
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III. Public Policy and Endogenous Economic Growth
 

In the neoclassical model reviewed in the previous section,_there were
 

two sources of economic growth, tr&nsitional dynamics and exogenous increases
 

in productivity. We argued that the empirical importance of transitional
 

dynamics is limited. The presence of sharply diminishing returns to capital
 

leads to counterfactual implications about real interest rates during
 

transition periods. }lence, variations in the growth rate have to be Vainly a
 

rcsult of increases in productivity that are exogenous to the neoclassical
 

model. For the neoclassical model to possess relative constancy of growth
 

and interest rates--Kaldor's stylized facts-it must be the case that
 

exogencus productivity growth are expressible in labor augmenting form.
 

Typica.ly, we refer to this exogenous component as "technical progress",
 

but in fact the residual factor summarizes a broad range of activities
 

responsible for secular growth in productivity. These activities include
 

formal education, on-the-job training, basic scientific research, product
 

development, innovation in systems ad management, etc. The natural starting
 

point for quantitative model building is to assume that the result of these
 

activities can be summarized by a composiie capital good. Thus, one of the
 

societal decisions is to determine the rate at which it increases its stock
 

of labor in efficiency units, by varying the composite capital good that
 

augments its workers' time.11
 

Analysis of human capital investment following Schultz (1961) and Becker
 

(1964) similarly investigates the accumulation of capital that augments the
 

IlAn important assumption in this approach is that changes in productivity
 
summarized by the evolution of the composite capital good are embodied in the
 
representative worker. See Romer (1986, 1988b) for analyses that do not rely
 
on this embodiment assumption.
 

.. G 

http:Typica.ly
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productivity of time, so we make use of this approach in developing our
 

growth belov. However,
analysis of the effects of public policy on economi 


our sense is that our analysis will carry over to the more comprehensive
 

concept of technical progress discussed above.
 

In our analysis of the neoclassical model, we studied transitional
 

dynamics for two alternative economies. First, we considered a closed
 

economy in which there was general equilibrium determination of output growth
 

and the interest rate. Second, we studied output growth for a small open
 

economy, taking the real interest rate as given from the rest of the world.
 

We follow that procedure in the present investigation of endogenous economic
 

growth.
 

Our interest is in models of endogencus growth that are compatible vith
 

For this reason, we focus on economies in which the
Kaldor's stylized facts. 


real interest rate is constant along steady state paths. This requires that
 

the production of both physical and human capital goods take place according
 

to constant returns to scale technology. We also carry along the assumptions
 

on preferences that lead individuals to choose a constant growth of
 

consumption when faced with a constant interest rate.
 

Discipline on aggregate model building requires that we be explicit about
 

microeconomic underpinnings so that key parameters can potentially be
 

estimated from other than aggregate relations. For this reason, we begin in
 

section III.1 by developing a variant of the dynamic microeconomic model of
 

Ghez and
human capital accumulation, drawing on prior work by Becker (1964), 


Becker (1975), Heckman (1976) and Rosen (1976). Motivated by our empirical
 

section, ue look for specifications of preferences and technologies that make
 

steady state growth an outcome when there is a constant wage rate (in
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efficiency units), a constant price of investment in human capital, and a
 

constant real interest rate. When human capital occurs in an environment
 

with borrowing and lending (or physical capital accumulation), there is the
 

standard potential for knife-edge investment decisions, i.e., either
 

specialization or indeterminacy of portfolio fractions. To break this
 

result, we require that human capital accumulation be subject to diminishing
 

returns at each point-in-time, while maintaining the feasibility of sustained
 

growth. As in Rosen (1976), this is accomplished by specification of a
 

suitable technology for transforming investment in human capital into changes
 

in the stock of human capital. Then, in section 111.2, we consider a "small
 

open economy" reinterpretation of this consumer choice problem. As in
 

Baxter's (1988) analysis of the Heckscher-Ohlin model with international
 

borrowing and lending, it turns out that the world interest rate, national
 

taxes and production structures dictate the wage rate and price of investment
 

in human capital independent of the rate of human capital investment. This
 

analysis moves us part way to a full general equilibrium but retains an
 

exogenous interest rate. Section 111.3 then indicates that a full general
 

equilibrium can be obtained by imposing the Fisherian requirement that the
 

interest rate equal the maTginal rate of substitution in consumption, with
 

consumption growing at the rate of human capital accumulation.
 

The model economy that we construct in these three sections is of the
 

class studied previously by Uzawa (1965), Lucas (1988b) and Rebelo (1987) in
 

that it highlights the societal allocation of resources between current
 

consumption and a comprehensive accumulation (physical and human capital)
 

However, because we want to understand (iunder constant returns to scale. 


the decentralization of accumulation decisions and (ii)growth in an open
 

economy with traded physical capital and nontraded human capital, we require
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that the rate of human capital investment is subject to diminishing
 

point-in-time returns as in Rosen (1976).
 

III. 1. Individual Human Capital Accumulation 

Our analysis of individual human capital accumulation follows the now
 

standard microeconomic treatment, presenting a discrete time version of the
 

analyses of Heckman (1976) and Rosen (1976).
 

Costs and Benefits of Human Capital Accumulation
 

The basic treatment of human capital as developed by Schultz (1961) and
 

Becker (1964) starts by analyzing the rate of return to its accumulation. If
 

human capital augments time then the value of an additional unit of human 

capital just for next period will be
 

wt+ Nt+1 + (1-6d)PIHpt~l' 

where vt+ 1 is the wage rate per efficiency unit of labor; Nt+ 1 is the number 

of units of time, which represeuts the utilization base for human capital; 

and (- 6H PIH,t+l is the value of reducing next period's investments in human 

capital to keep the subsequent path unchanged, involving the standard 

components of depreciation (1- 6H) and the price of the investment good 

The gross rate of return on a date t investment in human
PIH,t+l" 


capital-which costs PIH, t- i s thus
 

[Wt+ Nt+ 1 + (1-6H) PIH,t+l ] / [P I H, t ] • 
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If the wage and investment good price is independent of the scale of human
 

capital investment, then-in a perfect capital market-there are three
 

Dossibilities: (a) no investment in humank capital (specialization in other
 

investments); (b) indifference between quantities invested in human capital
 

and other assets; and (c) specialization in human capital investment.
 

Letting the interest rate between t and t+1 be r., these situations occur
 

depending on the relative magnitudes of rates of return,
 

[t+1 I V PlH,t+l]/[PiH,t]+r1+t r Ew Nt+ 1 + (I-~)~H~+~~ 

To avoid these extreme implications in the analysis below, we will study a
 

formulation of the human capital process that blends the investment
 

"adjustment cost" technology of Rosen (1976) with the investment production
 

fuhction of Heckman (1976). At each point-in-time human capital accumulation
 

will occur according to
 

Hi t = e(IH /H )Ht - 6H (III.1)t+1 Htt t H t' 

where IHt is human capital investment and where the e function reflects 

diminishing point-in-time capacity to grow, as in Rosen (1976), i.e., DE > 0 

and D2 < 0. This structure permits steady state growth if IHt and Ht grow 

at the same rate. Further, it 4a consistent with the view that investment in 

human capital combines time and other inputs according to a production 

function as in Heckman (1976), in ways that we detail in section 111.2 below. 

We start by studying the individual's decision problem when there is a
 

given wage rate and price of investing in human capital. These are assumed
 

constant over time, as they will be in a steady state.
 

/>
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Optimal Growth of Consumption and Human Capital
 

The individual under study seeks to maximize lifetime utility subject to
 

an intertemporal budget constraint with the interest factor R=(lr). That is,
 

the formal problem is:
 

max E (O)tu(Ct).
 
t=0
 

subject to (-)t E--* -PIHIHt]Ct < B0 + 0t 


and [H +1-Ht]/Ht= ()(IHt/H t ) - 6H 

where B represents initial financial assets. As in section II above, we
 

restrict momentary utility to constamt elasticity form so that consumption
 

will grow at a constant rate when the interest rate is constant
 

(u(Ct ) = [Ct1- ]1/[1-U]). 

To examine the determiation of the optimal growth rate, consider
 

increasing investment in human capital by a small amount (dlHt). This
 

increases human capital at t+1 by dHt+ 1 r- D)t dIHt' where to simplify the 

notation in this expression and those that follow we define DE3 = DE(IHt/ t) 

and e = eiHt/H ). In order for human capit.al to remain unchanged in 

periods t+2 and later, there must be a change in investment at date t+I. The 

amount of this change is given by:
 

dI = {[(I /H )D - e -(i-)/Det+I } dHt+ I .H,t+1 H,t+l t+1 t+iL t+1 )/D }dl 

http:capit.al
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In the absence of diminishing returns to investment (E - IH/H), so that 

dIHt+1 = - (1-6H) dHt I But with diminishing returns to investment, an . 


altered saving on future investment occurs, which incorporates changes in
 

"marginal adjustment costs." As previously, the marginal return associated
 

with the change in investment is expressible as
 

[w N dHt* I - PIH dIH,t+]/PIH" 

When ( = IH/H. this collapses to [w N + PIH (1- 6H)]/PIH' the rate of return 

in the previous section. 

The efficient rate of investment (IH/H) is obtained by equating this 

= gross rdte of return to R 1+r. Equivalently, using
 

I /Ht = 8-1[(H /F!) - (1-6 )1, we can solve for the efficient rate of 
Ht tt-tl 6 H 

human capital growth (H+/Ht) from this requirement. The optimal rate of 

human capital growth thus depends on (i) the relative price (w/PIH); (ii)the 

real discount factor R; (iii) the depreciation rate of human capital 6H; and 

(iv)the parameters of the 8 function. 

There is a separation of consumption and production decisions in this
 

model, so that preferences do not influence the rate of human capital
 

formation. Consumption growth occurs at the familiar rate
 

1/cr 
(Ct+ /Ct) = [Rfil , reflecting the relative magnitude of the force of 

interest and time preference along with the intertemporal elasticity of 

substitution (1/). 

Finally, suppose that we follow Heckman (1976) in modifying the 

consumer's preferences to the form u with C* being a composite good that 
t t
 

q2 
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is produced according to the constant returns to scale production function C*
 

z(CtCLtH ), where Lt is a portion of time spent working at home. Then,
 

there is only one change along a steady state path: the utilization rate of
 

human capital rises from N to N+L reflecting the enhanced productivity at
 

home. Outside of the steady state there would be, of course, additional
 

implications of this modification.
 

III. 	2. Production Structure and a Small Open Economy Interpretation
 

For the purpose of studying a small open economy interpretation of this
 

problem, we need to specify the production structure and explore its
 

implication for the prices w and PIH Thus, in this section, we proceed part
 

way to a full dynamic general equilibrium, but we retain the assumption that
 

the interest rate r is exogenous. More specifically, we follow Baxter (1988)
 

in assuming that there is international borrowing and lending; trade in
 

capital and consumption goods; and international immobility of labor/human
 

capital. In the process of fleshing out the production side, we also add a
 

richer specification of taxes to the analysis.
 

The economy under study has access to two constant returns to scale
 

production functions. The first produces commodity output from units of
 

capital and labor input (inefficiency units),
 

Y 	 = Fi (KitN tHt), (111.3) 

where Kit is capital employed in the production activity and NitHt is labor 

input in efficiency units. (A special case is when production depends only 

on labor input Fit = AINitHt, which can be interpreted as market labor income 
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at uage rate A1). The second produces an intermediate product that
 

represents gross investment in human capital accumulation,
 

IHt ' 
F2(K2t' N2tHt), (III.4)
 

where K2t is the amount of capital allocated to investment in human capital
 

and N2tHt is the amount of labor in efficiency units allocated to this
 

activity. 12
 

The constraint on allocation of time is Nit + N2t ( 1, where the endowment
 

of time is normalized to one.
 

Capital in each of these activities evolves according to standard
 

accumulation technologies, possibly with differential rates of depreciation.
 

That is, the capital stocks accumulate according to
 

K - K t= I - 6 K1,t+ 1 KIt KIt 6KI Kt and K - 2,t a IKK2t - 6K2 K2t' wherend2,t+1 
K whr 

0 < 6K( 1 and 0 < 6K2 < 1. Similarly, as in the preceding discussion, human 

capital evolves according to Ht+I - Ht = e(IHt/Ht)Ht - &HHt. 

With borrowing and lending, financial assets evolve according to Bt+1 =
 

[I + r(i-r)]B, 4 b., Phere r 
 is the tax rate on income on financial assets
 

and b is the flow of acquisitions. These acquisitions obey
 

bt= 
 -
+ T
 

b'l-Ty)yt - (I+rc)C t - (l+ri1)IKl,t - (l+r12)IK2,t * Tt).
 

where rY is the tax on income; rC, ri1, and ri2 are taxes on alternative uses
 

of incomes; and Tt is transfer payments.
 

12Uzawa (1965) and Lucas (1988) study a special case with only human capital

used to produce human capital: some implications of this assumption are
 
discussed in Rebelo (1987) and section 111.3 below.
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Maximizing Wealth 'ith Given Growth
 

It is useful to begin by considering the small country's static
 

competitive equilibrium or, equivalently, an individual decisioh maker's
 

efficient production decisions with a given path of human capital
 

accumulation (i.e., a given sequence of investments {IHt~t: 0 ). Maximizing
 

wealth requires that one solve the following income mLaximization problem for
 

each date t > 0.
 

max [(I-ry) FI(Klt,NItHt) + Tt - q1K1t - q2 K2 ] 

subject to F2 (K2T, N2tHt) = IHt 

and Nit + N2 t _ N, 

where the maximization is undertaken with respect to NIT, N2t, KIT, K2 t. The 

rental prices of capital are q, = [r(-rr) + bK1 (1 + r1 1 ) and 

q2= [r(l-rr) + 6K2)](I .+ 12 ) 

The structure of this "two sector" problem can be best understood as by 

following the line of argument developed in Baxter's (1988) analysis of the 

two-sector neoclassical (exogenous growth) model. First, for any positive 

amount of labor input allocated to production of commodities, maximizing 

income with respect to Kit requires that its value marginal product equal its 

rental price, i.e., (1- r.)DiFi(Klt, NltH t) = q,. This efficiency condition 

implies an optimal capital labor ratio, call it pl' which is a function of 

q1/(i-Ty) with Dpl < 0. That is, 

) ] 'Kit/(NitH)d p1 1q/(1-y 
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In turn, this equilibzium input ratio implies a commodity wage rate
 

V W(1--ry)D 2Fl (Klt , NitHt) - (1-ry)D2F1 (p ( ), 1). 

using the zero degree homogeneity of marginal products.
 

Thus, the marginal activity of producing for the market sets a key
 

relative price that partly determines the optimal mix of factors in the
 

growth activity. From standard arguments about production in constant
 

returns-t)-7cale industries, we know that we can express the factor demands
 

as
 

N2tHt u N(w/q2)IHt 

K2 t - PK(v/q2)/Bl 

and derive an expression for the implicit unit price of investment in human
 

capital production
 

PIH = q2 VK + w 'N . 

Clearly, from a public policy perspective, the tax rates on capital and labor 

inputs will influence the price of investing in human capital. This channel 

is one that was omitted in the earlier analysis of section III.1. 
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III. 	3 General Equilibrium Determination of Interest and Growth 
Rates 

In a closed economy general equilibrium, the interest 
rate will be tied 

to the growth rate according to the Fisherian requirement 
that the gross rate
 

In
 
of return equal the marginal rate of substitution in consumption. 


particular, given the specification of preferences consistent 
with steady
 

state growth, it must be the case that
 

-
1 = 	RI[Du(Ct+)/Du(Ct)] = R(3H) U, 

Thus,

since consumption and human capital will be growing 

at the same rate. 


increasing the growth rate will raise the interest 
rate, inducing additional
 

affects on the rental prices not present in the previous 
section.
 

In this general equilibrium, the specification of preferences 
will
 

influence the response 	to tax policies, in contrast 
to the results in section
 

III.1 and 111.2, where 	the choice of the efficient 
rate of accumulation of
 

human capital was dictated solely by productive efficiency.
 

our section II discussion of the neoclassical model, 
we interpret


As 	in 


as an autarkik equilibrium

this general equilibrium in two alternative ways: 


and as a world general equilibrium of countries that 
are identical in terms
 

of preferences, production possibilities and policies.
 

III. 	4 Positive Implications of Taxation for Economic Growth 

Heston (1984) panel of country experiences summarized In the Summers and 

In
 
in Table I and Figure 1, countries grew at widely different rates. 


section I of the paper, we argued that the transitional dynamics 
of the
 

neoclassical model could not account for this disparity 
of growth experiences
 

without producing counterfactual implications for 
interest rates, asset
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prices or capital flows. By extension, our argument implied that public tax
 

and expenditure policies could not not account for the cross country
 

disparity in observed growth rates, since such policies influence growth in
 

the neoclassical model by setting in motion a transition from one steady
 

state path to another.
 

In this section, we focus on cross country differences in tax policies as
 

Many
a potential explanation of the disparity of observed growth rates. 


other policies that affect the incentives for economic growth-including
 

government provision of education, and property rights-operate via similar
 

channels to those that we describe. The focus is entirely on the influence
 

of public policies on the steady state growth rate, rather than on
 

As we have seen, transitional dynamics in the
transitional dynamics. 


neoclassical model are short lived and, in endogenous growth models, they 
are
 

generally more limited in duration because agents have additional margins of
 

choice. Further, we interpret the stylized facts of economic grouth as
 

must explain sustained cross country differences inindicating that one 

(Since we are using technology and preferences consistent with
growth rates. 


constant interest rates along such paths, we will focus on the model's
 

implications for the steady state growth rate rather than its implications
 

for interest rates in the early stages of development.)
 

Method
 

to explore the effects of policies on
Our objective in this section is 


the steady state growth rates in models that account for these general
 

For this purpose, as in the
equilibrium effects on the real rate of return. 


previous sections, we need to specify aspects of the investment technologies
 

'K1' 6K2); production technologies
(parameters of the E function, 6Ho 
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Further, we need
(parameters of the functions F, and F2); and tax structure. 

to specify aspects of preferences-# and a-since these influence the 

Our procedure is as follows: weequilibrium interest and growth rates. 


choose a value of the intertemporal elasticity of substitution in 
consumption
 

Then, from

(I/a) and a baseline value for the interest rate and growth rate. 


above, we can compute the discount factor P. Fixing this discount factor, we
 

then explore how steady state interest rates and growth rates vary 
as the tax
 

(The details of this procedure are reported in
 structure is altered. 


Appendix B).
 

Throughout our analysis, we concentrate on the case where the production
 

functions F1 and F2 are Cobb-Douglas, with Fi = AiK (1-ai) (NH)ai . We
 

uniformly assume that the share of labor (a,) in sector 1 is 2/3, so that our
 

results are compatible with those for the neoclassical models 
explored in
 

Further, as in section II, we normalize the constant term
 section II above. 


= 1). Our benchmark
in the sector I production function to unity (A1 


preference case is to assume that the intertemporal elasticity of
 

substitution is unity (I/a = 1). Throughout, we use the steady state real
 

= 1.065) and the depreciation rate of 'K = .10. We
 
interest rate of .065 (R 


employ a parameterization of the human capital accumulation technology 
which
 

assumes that there are locally no adjustment costs at zero gross 
investment
 

so that DE)IH/H) = 1 at IHt = 0. Further, we use a fairly linear form of 

this technology, setting the parameter 0 equal to .8 in the functional form 

I 1 
0 - -


G(IH/H) = [I/H + 0 1 - 0 See Appendix A for a graph of this function 

Our intent is to keep the individualand discussion of its derivation. 


choice problem well defined, without letting specification 
of the e function
 

dominate the results.
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Influences of Production Structure
 

The first set of calibration experiments reported in Table 8 indicates
 

2) in sector 2, the sector producing the
the influence of labor's share (a


Our motivation for exploring this parameter's
human capital investment good. 

influence is based on practical and theoretical considerations: 
i) it is a 

parameter about which there is considerable uncertainty, since it 
is unclear 

exactly what sectoral output is being measured; and (ii)Uzawa (1965) 
and 

Lucas (1988b) assume that only labor is necessary to produce human 
capital 

(a2 = 1), which Rebelo (1987) shows theoretically 
restricts certain policies 

to have no effect on the steady state growth rate. 

8 indicates that theThe calibration activity undertaken in Table 

. Roughly, the productivity parameter A2 adjusts in response to changes in a2 

chain of influence is as follows, using the results of our analyses 
in 

First, the specified values of sector I
sections III.1 and 111.2. 


sector

production pin down the required value of the capital-labor ratio 

in 


= In turn, this implies a
1, since DIF i = Ai[K /(NH)] ) - i (R - 0-6d) = .165. 


steady state real wage rate (in units of sector 1 output), w. Second,
 

and the adjustment
specification of the growth rate of the economy (TH) 

Third, from our 
technology (G) implies a level of marginal adjustment costs. 


analysis of the individual's problem, we know that the (constant) 
growth of
 

human capital depends on marginal adjustment costs, on the real 
interest
 

rate, on the real wage rate (per unit of human capital) and on 
the price of
 

But the first three of these have already
investing in human capital (PIH). 


been determined, so we know the relative price PIH without reference 
to the
 

specification of the sector 2 technology parameters (and, more 
generally,
 

Fourth, from our analysis of the
 without reference to its parametric form). 


small open economy problem, we know that the factor intensity 
in sector 2 is
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pinned down from the sector 1 wage rate (w) and the rental price of capital 

(R - (1-Y), without reference to the "neutral" technical parameter A2 . 

Thus, as we vazy a2-which influences the efficient factor intensity-A 2 must
 

change to keep the unit cost of production equal to the price I
 

These considerations are reflected in the columns of Table 8, panels A 

and B. In addition to the influence of a2 on A2 stressed above, we can see 

that there is an invariance of the wage rate w and the price of human capital 

investment good across the values of a2 . Further, as a2 increases, the
 

quantity of capital employed in sector 2 declines, which lowers the two
 

investment share measures. These measures differ in their denominators: 1s.


scales investment relative to sector 1 output (yl) and s scales by the more
 

comprehensive measure (yl+PiHY2). Notably, the former investment share
 

measure is high relative to the U.S. experience, for which Summers and Heston
 

(1984) report an average of 24% over 1950-1981. Throughout, taxes on
 

sectoral outputs are held constant. Finally, the fact that Table 8 reflects
 

a calibration exercise to match growth (TH) and interest rates (R) means that 

the last two columns are constant as well. 

Comparing the two panels, isolates the impact of changing the rate of
 

treats the case of equal depreciation
depreciation on human capital. Panel A 


rates for physical and human capital ( 6k = 6 = .10); Panel B uses Mincer's 

(1974) estimate of 1.28% per annum. Varying the depreciation rate in this
 

way lowers the marginal cost of investing in human capital De(T 1H - (1-bH)) 

used in the calibration, so that the steady state relative price of human
 

capital must rise, following the arguments above. Lowering the depreciation
 

rate also lowers the scale of production in sector 2 (less replacement
 

sector 2 is reflected in
investment) and this scaling back of capital in 


\ k 
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lower physical capital investment shares (si and s") in panel B relative to
 

panel A. 

Implications of Taxation
 

The three panels of Table 9 indicates the potential.magnitude of policy
 

influence on economic growth in this general equilibrium setting. Although
 

the panels reflect different assumptions about preferences and technology,
 

there is a common method employed in the construction of each. First, the
 

system is calibrated under the assumption that there are no taxes to match
 

growth and interest rate values (R = 1.065 and 7H = 1.02) for specified 

parameter values. Then, the tax parameters are altered, resulting in new
 

values of growth and interest rates; of investment shares; and the relative
 

prices (the price of investment in human capital and the wage rate).
 

The tax parameters are output taxes on the two sectoral outputs with the
 

assumption being that the proceeds are rebated as lump sum transfers. We
 

chose this method of taxation for its simplicity, although taxation of income
 

from factor supply would also be of interest and would be perhaps more
 

realistic. Variations are from a subsidy of -10 % through a tax of 50%. 

Some of the experiments considered in Table 9 involve only taxation of the
 

commodity output sector (sector 1). A literal interpretation of the output
 

of sector 2 as new human capital would lead us to view this sector as
 

r2 which can be
untaxed. However, we study as well the effects of changes in 


interpreted more broadly as summarizing aspects of the education system,
 

patent policy, etc. Throughout the panels, increases in taxation lower the
 

growth rate and this decline is accompanied by a reduction in the real
 

interest rate.
 

/ 
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Panel A provides results for a benchmark case, in which there is
 

-essentially identical technology in sector I and 2 (i.e., we assume that a, 

a2 - 2/3 so that the technol.ogies are the same up to the constant A2). The 

influence of taxation on the growth rate can be dramatic. When there are 

uniform tax rates of 50%, the economy exhibits growth of -6. per year. When
 

The decline in
the tax is restricted to sector 1, the growth rate is -2.. 


growth is reflected in a decline in the rate of investment according to
 

as seen in Figure 4. Since the
either investment share measure (si and s*),

1
 

results of this benchmark experiment suggest a fairly strong role for the
 

incentive effects of public policy, the next two panels 
indicate
 

perturbations in preferences and technology that mitigate the effects of
 

policy.
 

When there is a relatively high value of labor's share (human capital's
 

share) in the production of human capital as in Panel B, then these results
 

change in the direction suggested by the prior analyses of Lucas (1988b) and
 

value of a2 = .9, Panel B sho's that taxation of only
Rebelo (1987). Using a 


when there is
sector 1 output at a 50 % rate leads to a growth rate of 17 a 2.
 

growth rate in the untaxed economy. This indicates that isolation of aspects
 

of the production structure will be central to increasing the precision of
 

However, there remain substantial
the incentive effects of policy on growth. 


welfare implications of variations in growth rates of the magnitude obtained
 

under this extreme value for a2, as indicated by the analysis of section IV
 

below.
 

Panel C indicates that preferences also play a role in the determination
 

When
of the response of the growth rate to the incentive effects of policy. 


there is smaller intertemporal substitution in consumption (u larger), then
 

there is a smaller magnitude influence of taxation on growth, although 
this
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influence mains negative. For an individual consumer, the value of a 

controls the response of the growth rate of consumption to a change in the 

interest rate, according to the approximate formula, A yc - (I/a) A R. 

Thus, the value of a used in panel C implies that a change in the rate of 

return of 100 basis po ._..s results in a change in the growth rate of 

consumption of only .2%per annum. This reduction in substitution implies
 

that the introduction of a 50% tax in both sectors leads to a decline in the
 

growth rate of 1%, in contrast to the 8% decline shown in panels A and B.
 

Summary of Closed Economy Results
 

The results of Tables 8 and 9 indicate the potential explanatory power of
 

the class of endogenous growth models developed-following the path of Uzawa
 

(1965)-in recent work by Jones and Manuelli (1988), Lucas (1988b), and
 

Rebelo (1987). In these models, the influence of policy on growth is
 

governed by preferences-notably the intertemporal rate of substitution-and
 

production possibilities. Hence, further research must focus on refining
 

these specifications, particularly the latter.
 

Open Economy Experiments
 

With borrowing and lending possible at constant interest rates, as for a
 

small open economy, policy in a single country may occasion changes in the
 

desirable patterns of borrowing to support profiles of physical and capital
 

accumulation.
 

In open economy versions of the environment discussed in the previous
 

section, there are dramatic implications of borrowing and lending for growth
 

and capital accumulation, as illustrated by Table 10. To maximize
 

a
compatibility with the preceding analysis, we start the open economy in 
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setting in which it would no'c trade in the absence of policy, calibrating it
 

so that its domestic interest rate and growth rate are the same as the 

world's, i.e., R = 1.065 and - 1.02. In all other ways, the economy 

matches panel A of Table 9 (o = 1 and aiI a2 = 2/3). Then, we tax the 

economy's output of sector 1 or of both sectors 1 and 2, permitting it 

unrestricted borrowing and lending at the given world interest rate. A few 

percentage points of taxation are typically sufficient to shut down the
 

accumulation of domestic human and physical capital reducing the growth of 

the economy to its minimum feasible level (TH = 1- = .988). Although few 

countries with substantial government intervention actually permit 

unrestricted access to international capital markets, these examples do 

indicate the potential power of these environments for explaining the 

"development trap," i.e., economies that appear to be stuck with low levels 

of national income and slow growth. 
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IV. Welfare Implications of Taxation
 

In this section we evaluate the welfare consequences of alternate
 

policies within representative models drawn from the prior two sections. Our
 

objective is to illustrate the general principle that there are larger
 

welfare effects in endogenous growth models.
 

Method 

The method that we employ is based on Lucas (1988a) and is given as 

follows. Suppose that there is a baseline consumption growth path given by 

Ct Z CO7 
, where y is the gross growth rate and C0 is the period zero level 

of consumption. Now, consider an arbitrary alternative path {C'}. A utility 

equivalent path with growth rate y, involves the constant CO that satisfies 

U( yt }) = U({C'). 	 (IV.1) 

Then, a comparison of the baseline path and the alternative path {C'} can be 

reduced to a single number, the ratio C0/C . This ratio provides the answer 

to the question, "at what fraction of initial cons-amption-growing at rate 

7-would the individual just bi indifferent between a constant growth path 

and 	the alternative path."
 

IV.1 	A Linear Technology Example
 

The following simple economy provides an opportunity to illustrate our
 

methodology for evaluating welfare implications of taxation, as well as
 

providing a convenient benchmark for the more complex models considered
 

below. Let production at date t depend only on the stock of capital,
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= 
Yt = A Kt, and let capital evolve according to Kt, 1 (1-6 K) Kt + I t The 

constraint on an individual's sources and uses of funds is just
 

Ct + It (1--r) t + Tt , 

a lump sum transfer payment. In this simple
where r is the tax rate and T is 

environment, the after tax gross rate of return-which we call R(r)-is 

determined solely by technology and tax rates, R(r)=(I-T)A + 1-6K . With a 

constant elasticity of intertemporal substitution utility function, this
 

specification then implies that the growth rate of consumption is
 

y(,r)= Ct+l/C t = [flR(,r)](/0, 

where P is the subjective discount factor. Under the assumption that the
 

government rebates the proceeds of commodity taxation, it follows that that 

Tt - TYt, so that equilibrium accumulation is just Kt+1 = (1-A) Kt + AKt - Ct 

- R(O) Kt - Ct. This accumulation equation then implies that the initial 

consumption level satisfies C0 = tR(O)-7(r)]K, using basic present value 

determine the time profile
conditions. Thus, the equations for 7(7) and C 


of consumption for any specification of the tax rate. Notably, this model
 

implies that a permanent change in the tax rate implies an immediate shift in
 

the level of the consumption path and a change in its rate of growth-there
 

are no transitional dynamics. 

In this context, then, the method works as follows. First, fix a
 

Second, choose a new
baseline value of the tax rate r and compute 7(r). 


value of the tax rate T', and compute y(r') and C0 (T'). Third, find the
 

constant C0 that provides utility equivalent to U({C0 (')y(T')t}) when
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Fourth, compute the ratio
consumption is growing at the baseline rate y(r). 


as a measure of the cost or benefit of the tax variation.
13
 

O/Co0 (r), 


Table 11 pro% '>es some experiments with this simple model that provide
 

background to interpreting our subsequent results. In this table, as in our
 

subsequent analysis, we vary 1/u-the intertemporal elasticity of
 

In reading the table, one should recognize
substitution-and tax wedges. 


that for each value of a, we chose P so that the economy without taxes
 

displays the same growth rate of consumption (using 7 = (I/a)).
 

Looking first at the effects of taxation on steady state growth rates
 

we find that taxation reduces the
(moving across one of the rows in panel A), 


more
growth rate. Looking down the columns, we find that this effect is 

pronounced when individuals are more willing to substitute over time (i.e., 

Given the society's resource constraint (C = 
when a is small). 0 


[R(O) - -(T)]KO), lower growth is associated with a higher initial level of
 

In panel C, we find that these effects are potentially large.
consumption. 


For example, with a = 1, there is a 35% increase in initial
 

consumption-relative to the path with no taxes-when r is increased from 0
 

to 10%. With relatively high rates of intertemporal substitution, zero gross
 

= .-.investment is optimal so that the economy's growth rate is -6 10.
 

With lower growth due to taxation, welfare unambiguously declines in this
 

economy. Panel B of Table 11 shows the percentage decline in the utility
 

equivalent consumption path-relative to the path with no taxes-when a tax
 

is imposed (this corresponds to the percentage decline in C0/C0 in the
 

13As Ken Judd has pointed out to us, this measure of the welfare effects of
 
we were trying to address normative
taxation would not be appropriate if 


In that case,
questions, such as the design of an optimal taxation system. 


the adequate measure of the welfare effects of taxation would be the marginal
 

deadweight loss-see Judd (1987).
 

http:variation.13
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terminology above). Generally, the welfare cost is higher when there is
 

either more taxation (rhigh) or greater substitution in consumption (a low).
 

Under some restrictions on technology, the outcomes of our linear
 

technology example will be identical to those of the two sector economy
 

constructed in section III if both sectors are taxed at the same rate.
 

(i)no point in time diminishing
Sufficient technology restrictions are 


returns in human capital (E linear); and (ii)sectoral production functions
 

that are Cobb-Douglas with identical shares (but with possibly different
 

Thus, the linear technology example provides a
multiplicative constants). 


benchmark case for the two sector endogenous growth economy.
 

IV.2 Taxation in the Neoclassical Model
 

The neoclassical model has been a workhorse of modern public finance, 
so
 

that the influence of taxation on real activity within this environment 
is
 

relatively well understood. The imposition of an output tax, for example,
 

occasions a shift in the level of the steady state path-but not its slope

and sets in motion the transitional dynamics discussed in section II.
 

Table 12 provides a welfare analysis of an increase in the output/income
 

tax rate from .20 to .30 under some alternative assumptions about
 

The rate of time preference (8)
intertemporal substitution in preferences. 


is calibrated so that the steady state real interest rate is 6.5% 
for each
 

The

value of a, so that varying a has no influence on the steady state 

path. 


remaining values of the model's parameters are those of the baseline 
economy
 

= 
= 1; 6 = .10; a 2/3; X- 1.02; and N -.2).
constructed in section II (A 


In the steady state, capital falls by 18.2% and consumption fall by 
3.6%
 

As Judd (1987) and
due to the increase in the tax rate from 20. to 30%. 


\ V
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Jorgenson and Yun (1988) have stressed, it is inappropriate to evaluate tax
 

policies solely on the basis of these long run effects. This is highlighted
 

in our analysis by the fact that the welfare costs in the neoclassical model 

would be independent of preferences if the steady state comparison were
 

utilized.
 

Table 12 presents the results of the policy of raising the income tax 

rate from 20% to 30% on the welfare measure described above. For example, 

when a = 1, the 'cax increase lowers the welfare measure by 1.67. That is, 

the tax rate increase is equivalent-in utility terms-to an immediate 1.6. 

shift down in the steady state consumption path. When the intertemporal 

elasticity of substitution in consumption is increased (a reduced), then 

an increase in the welfare cost of the tax increase-when a = 1/10,there is 


it is 1.84%. Symmetrically, when a is increased, the welfare costs
 

falls-when a - 10, it is .97%.
 

In all cases, the initial consumption level rises in response to the tax
 

increase, so that the economy "works off" the capital stock through lower net
 

investment and transitorily high levels of consumption. With low
 

there is a relatively
intertemporal substitution in consumption (high a), 


small initial upward jump in consumption, since individuals seek to avoid
 

temporally uneven consumption profiles. The initial upward jump in
 

consumption is highest (roughly 20% of the initial steady state) when there
 

is very high intertemporal substitution (a = 1/10).
 

Relative to the example, the calibrated neoclassical model involves a
 

much smaller welfare loss of taxation. For the example economy, with a - 1,
 

the effect of changing r from .20 to .30 is a decline in the utility
 

= 

equivalent consumption path equal to 30.18% - 16.59% 13.59%. For the
 

neoclassical model, the effect is 1.60%. Fundamentally, this difference
 

\
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reflects the fact that the long run growth rate is affected in the linear
 

technology economy but not in the basi. neoclassical model.
 

IV.3 Taxation in the Two-Sector Endogenous Growth Model
 

The two sector endogenous growth model that we explored in section III
 

involves accumulation of physical capital and human capital, with the latter
 

subject to a diminishing point in time investment technology. In this
 

section, we provide an evaluation of the welfare cost of taxation within this
 

model.
 

From section III, we know that the steady state rate of economic growth
 

is generally affected by taxation in either sector. For simplicity, we wish
 

to focus on evaluating public policies that induce an immediate shift in the
 

steady state path in the two sector model, as in the example considered in
 

section IV.A. In general, within endogenous growth models, changes in public
 

policies occasion both a shift in the steady state path-both its level and
 

growth rate-as well as setting off transitional dynamics as the economy
 

adjusts toward an altered steady state ratio of physical to human capital.
 

Transitional dynamics do not arise if the preferences, technologies and
 

policy interventions are such that there is no required variation in this
 

ratio. Thus, for the purpose of this sectior, we restrict the policy rules
 

and technologies: (i)we require that both sectors are taxed at the same
 

rate; and (ii)we require that the depreciation rates of the two capital
 

goods are identical and that the production functions in the two sectors are
 

the same up to a factor of proportionality. With this configuration of
 

restrictions, we can then show that the introduction of diminishing point in
 

time returns to human capital accumulation-necessary to a unique competitive
 

decentralization of aggregate outcomes-does not overturn the comparison of
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the endogenous growth and neoclassical models that we made in the previous 

sections.
 

Table 13 presents the results of these experiments. The economy is
 

parameterized so that there is equal factor intensity in each sector 

(aI M a2 - 2/3) and the depreciation rates are taken equal (6K - H = .10). 

Further, as in section III, we assume modest diminishing point in time 

returns (parameterized by 0 = .8, as discussed in appendix A.) In comparison 

with table 11, the effect of the diminishing point in time investment 

technology is to mitigate the influence of taxation on growth rates.
 

However, the influence of taxation continues to be important, both in the
 

panel A implications for growth rates and the panel B implicatiuns for
 

welfare.
 

Earlier, we saw that it was possible for taxation to move the example
 

economy to a situation in which no gross investment was undertaken, i.e., the
 

economy contracted at the rate -6. In the current analysis, this possibility
 

will continue to arise but in more restricted circumstances due to the form
 

of the human capital investment technology.
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V. 	Conclusions
 

For a lengthy paper, tLe conclusions should be brief, so we simply list
 

four basic lessons from the paper.
 

First, there is substantial cross country variation in average rates of
 

growth of percapita income-which occurs without accompanying trends in
 

interest rates, asset prices or factor shares-as noted by Kaldor more than
 

20 years ago. To us, this suggests that the growth process is potentially
 

described by models in which there are endogenously determined differences in
 

steady state growth rates.
 

Second, analysis of calibrated versions of the neoclassical model reveals
 

that its transitional dynamics are inconsistent with the stylized facts of
 

growth. Because of the presence of sharply diminishing returns to capital
 

accumulation in these models, comparisons of early and later stages of
 

development imply counterfactual trends in interest rates, asset prices or
 

factor shares. The only way to rescue the neoclassical model is to introduce
 

cross sectional differences in rates of exogenous "technical progress," which
 

augments the productivity of labor, but this does not represent an ezplanation
 

of differences in growth rates.
 

Third, following Uzava (1965), Lucas (1988b) and Rebelo (1987), there are
 

a variety of ways to make a comprehensive measure of "technical progress"
 

endogenous in neoclassical analysis. Interpreting this comprehensive measure
 

as social investment in "human capital" provides an important parallel to the
 

work of Schultz (1961, 1981) on e:onomic development. Our analysis uses this
 

link to build some explicit microfoundations for a two sector model of
 

endogenous economic growth. When we calibrate this growth model, we find
 

that public policies can have quanti',atively large influences on average
 

rates of economic growth in economies that operate in isolation. Policies
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display these effects-as in Schultz (1981)-because they influence private
 

incentives for accumulation of physical and human capital. These incentive
 

effects of taxation are reinforced in open economies that have access to
 

international capital markets.
 

Fourth, since policies have the potential to influence the growth rate in
 

models with endogenous long run growth, there is potentially a much larger
 

quantitative influence of policies on welfare than in the neoclassical model
 

where the growth rate is governed by the exogenous rate of technical
 

progre3ss. Some experiments comparing neoclassical and endogenous growth
 

models suggest that this difference can be quantitatively important. It is
 

relatively easy to generate situations in which countries stagnate or even
 

regress for lengthy perjds, if policies eliminate the incentives for growth
 

that are provided by technology. This explanation of "no growth steady
 

states" contrasts with that offered by Becker, Murphy and Tamura (1988) and
 

Azariadis and Drazen (1988), where aspects of the technology give rise to
 

multiple steady states so that economies with different initial conditions
 

may converge to steady states with different rates of growth even in the
 

absence of cross-country heterogeneity in public policy.
 

This paper demonstrates that the most basic class of models of endogenous
 

economic growth-stemming from Uzawa (1965)--contains quantitatively
 

important influences of public policy on steady state economic growth. The
 

precise magnitudes of these incentive effects of taxation and analogous
 

policies depends-as in any equilibrium framework-on the specification of
 

preferences, technology and policy rules. As in other macroeconomic
 

contexts, then, our analysis of growth models points to sets of microeconomic
 

measurements that will prove valuable in determining the magnitudes of policy
 

effects. Further, we find that the extent of access to international capital
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markets substantially influences the impact of tax policy 
on economic growth.
 

with %he results of the present paper, we find new promise 
for
 

In summary, 


the hypotheses of Schultz (1981) that incentive effects 
of policy can
 

influence economic activity-taxation can readily 
lead to development traps
 

and growth miracles. Models of enaogenous economic growth thus provide new
 

amnalytical paths for old problems in the economics of 
development.
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TABLE 1 

GROWTH RATE OF PERCAPITA REAL GDP 1950-1981 

Country Nean 	 Standard Number of 
Devtation Observations 

AFRICk 

ALGERIA 0.0243 0.0876 21 
ANGOLA -0.0129 0.1055 21 
BENIN -0.0006 0.0382 22 
BOTSWANA 0.0755 0.0668 21 
BURUNDI -0.0109 0.0704 21 
CAMEROON 0.0275 0.0310 21 
CENTRAL AFRICAN REP. -0.0078 0.0313 21 
CHAD -0.0249 0.0817 21 
(X)NGO, PEOP. REP. OF 0.0239 0.048'7 21 
EGYPT. ARAB REP. OF 0.0311 0.0352 31 
ETHIOPIA 0.0138 0.0250 31 
GABON 0.0776 0.1174 21 
GAMBIA, THE 0.0180 0.1602 21 
GHANA -0.0084 0.0625 26 
GUINEA -0.0008 0.0382 22 
IVORY COAST 0.0271 0.0451 21 
KENYA 0.0066 0.0533 31 
LESOTHO 0.0500 0.0761 21 
LIBERIA 0.0061 0.0509 21 
MADAGASCAR 	 -0.0098 0.0328 21 
MAIAWI 0.0247 0.0439 28 
MALI -0.0079 0.0419 21 
MAURITANIA 0.0112 0.0716 21 
MAURITIUS 0.0112 0.0553 31 
MOROCD 0.02.34 0.0520 31 
MOZAMBIQUE -0.0044 0.0617 21 
NIGER 0.0199 0.0843 21 
NIGERIA 0.0298 0.0736 31 
RWANDA 	 0.0259 0.1075 21
 
SENEGAL 	 -0.0170 0.0504 21 
SIERRA LEONE 0.0126 0.0458 21
 
SOMALIA 0.0009 0.0665 21
 
S. AFRICA 	 0.0192 0.0338 31
 
SUDAN 	 0.0130 0.0905 26 
SWAZILAND 0.0541 0.0617 21
 
TANZANIA, LNITED REP 0.0225 0.0456 21
 
TOGO 0.0265 0.0545 21
 
TUNISIA 0.0439 0.0349 21
 
UGANDA 	 0.0034 0.0502 31 



PPER VOLTA 

AIRE 

ARBIA 

IMBABIATE 

ASIA 

F AMISTAN 
ANGLADESH 

LURMA 

ONG KONG 

NDIA 

RAN 

RAQ 

SRAEL 

APAN 

ORDAN 

OREA, REP. OF 

ALAYSIA 

EPAL 

'AKISTAN 

HIILIPPINES 

INGAPORE 

,RI LANKA 

YRIAN ARAB REP. 

'AIWAN 

BAILAND 


EROPE 

,USTRIA 

IELGIUM 

,YPRUS 

)ENYRK 

'INLAND 

"RANCE 

.ERMANY, FED. REP. 

IT= 

:CELAND 
RELAND 

TALY 


RALTA 
UETHERLANDS 
IORWAY 

ORTUGAL 

PAIN 


sWEDEN 
WITZERLAND 

lRKEY 

JNITED KINGDOM 


O.0047 
0.0104 
0.0055 

0.0085 

-0.0073 

0.0103 

0.0238 

0.0741 

0.0141 

0.0263 

0.0160 

0.055 

0.0653 

0.0286 

0.0467 

0.0411 

0.0123 

0.0189 

0.0275 

0.0666 

0.0089 

0.0535 

0.0532 

0.0303 


0.0414 

0.0297 

0.0411 

0.0274 

0.0361 

0.0355 

0.0422 

0.0464 

0.0288 
0.0266 

0.0389 
OEMBOURC
0.0195 

0.0566 
0.029 

0.0337 

0.0469 

0.0415 

0.0257 

0.0246 

0.0354 

0.0189 


0.0790 21
 
0.0773 31
 
0.1002 26
 
0.0490 28
 

0.0519 21
 
0.0590 .2
 
0.0571 31
 
0.0431 21
 
0.0427 31
 
0.1025 26
 
0.1186 28
 
0.0466 31
 
0.0381 31
 
0.1000 28
 
0.0464 28
 
0.0362 26
 
0.0407 21
 
0.0365 31
 
0.0268 31
 
0.0387 21
 
0.0704 31
 
0.1034 21
 
0.0283 31
 
0.0433 31
 

0.0284 31
 
0.0240 31
 
0.1072 31
 
0.0328 31
 
0.0313 31
 
0.0187 31
 
0.0341 31
 
0.0364 31
 
0.0526 31
 
0.0230 31
 
0.0313 31
 
0.0389 31
 
0.0483 28
 
0.0344 31 
0.0199 31
 
0.0507 31
 
0.0369 31
 
0.0211 31
 
0.3330 31
 
0.0451 31
 
0.0218 31
 



WORTH 8 CENTRAL 

BARBAOS 

CANADA 

OSTA RICA 

DOMINICAN REP. 

EL SALVADOR 

GUATEMALA 

HAITI 

HONDURAS 

JAMAICA 

KEXIO 

NICARAGUA 

PANAMA 


AMERICA 

0.0350 0.0520 31
 
0.0247 0.0286 31
 
0.0271 0.0440 31
 
0.0254 0.0564 31
 
0.0086 0.0489 31
 
0.0168 0.0216 31
 
0.0085 0.0353 21
 
0.0121 0.0265 31
 
0.0211 0.0514 28
 
0.0301 0.0240 31
 
0.0210 0.0772 31
 
0.0276 0.0293 31
 

TRINIDAD AND TOBAGO 0.0383 0.0339 31
 
UNITED STATES 0.0190 0.0270 31
 

SOUTH AXERICA 

ARGENTINA 0.0141 0.0529 31 
BOLIVIA 0.0109 0.0415 31 
BRAZIL 0.0376 0.0341 31 
CHILE 0.0187 0.0451 31 
COLOM{BIA 0.0224 0.0337 31 
ECUADOR 0.0292 0.0352 31 
GUYANA 0.0035 0.0617 31 
PARAGUAY 0.0241 0.0369 31 
PERU 0.0201 0.0308 31 
SURINAM 0.0276 0.0797 21 
URUGUAY 0.0122 0.0493 31 
VENEZUELA 0.0130 0.0383 31 

OCEANIA
 

AUSTRALIA 0.0212 0.0304 31 
FIJI 0.0267 0.0594 21 
INDONESIA 0.0364 0.0426 21 
NEW ZEALAND 0.0137 0.0316 31 
PAPUA NEW GUINEA 0.0161 0.0522 21 

Source: Summers and Heston (1-4). 



TABLE 2
 

THE RATE OF GROWTH OF G(P PERCAPITA
 
2870- 1979: SUNMY STATISTICS
 

Time Average 
Countrtes Period Growth Rate Trend I? 

2.1 E-2 .02Australia 1870-1979 1.1 
(1.4 E-2)
 

.00
1870-1912 1.5 1.2 E-2 

(2.9 E-2)
Austria 


.01
1920-1979 2.9 6.0 E-2 

(10.3 E-2)
 

-.2 E-2 .00 
((1.7 E-2) 

1870-1913 1.0 

Belgium 


1949-1979 3.3 .8 E-2 .00 
(4.3 E-2)
 

Canada 1570-1979 2.0 1.5 E-2 .00
 
(2.7 E-2)
 

1.9 E-2 .02
Denmark 1870-1979 1.16 

(1.3 E-2)
 

5.0 E-2 .03
Finland 1900-1979 2.5 

(3.2 E-2) 

(a) 2.7 E-2 .02
France 1870-1979 1.9 

(1.9 E-2) 

Germany 1870-1979 2.5 3.7 E-2 .01
 
(3.0 E-2) 

Italy 1870-1979 1.6 3.9 E-2 .04 
(1.8 E-2)
 

-2.3 E-2 .00
1886-1944 1.7 

(4.6 E-2)
Japan 


-14.9 E-2 .15
1948-1979 7.2 

(6.5 E-2)
 

Netherlands 1900-1979 1.8 4.5 E-2 .01
 
(4.4 E--2) 

Norway 1870-1979 2.1 2.8 E-2 .05
 
(1.1 E-2)
 

.00
Sweden 1870-1979 2.3 (b) 1.1 E-2 

(1.2 E-2)
 

-.2 E-2 .19
1925-1944 .9 

(1.2 E-2)
Switzerland 


1948-1979 2.2 
 -6.7 E-2 .04
 
(6.2 E-2)
 

1.4 E-2 .02United Kingdom 1870-1979 1.3 

(1.0 E-2)
 

USA 1870-1979 1.9 (i) .4 E-2 .00 
(1.6 E-2)
 

Source: Maddison (1982). E-2 denotes 1072 Units are percentage points. 

Standard errors in parenthesis. Time periods dictated by data
 

availability. (a) corrected for MA(1) residuals; (b) corrected for AR(1)
 

residuals.
 



TABLE 3
 

HISTORICAL EVIDENCE ON LOV.-TERM INTEREST RATES 

CuadaSwitzerland Jtaly United States 
France Dutch Republic Spanish Germany Sweden Spain 

Holland- Netherlands-
Belgium 

England 

Minimum Rates on Best Credits by Half Centuries*
 

Date
 

13th century
 
8.00


lot half 6 5/0

8.00
14.00 

14th century 4_7__7 
2nd half 


8.00
lot half 
 5*/
8.002nd half 
15th century 6.004.00
8.00
10.00
1st half 5.00
4.00
8.00 5.00
10.00
2nd half 

16th century
 4.00 


Ist half 10.00 8 1/3 8 1/3 4.00 
44.00 4.00


2nd half 10.00 8 1/3 6 1/6 

17th century 
lot half 8.00 8 1/3 5.00 
2nd half 4.00 5.00 3.00 

18th century
 5.00 4.00
 
lot half 3.06 5.00 3.00 4.00 

4.00 4.00 
2nd half 3.13 5.00 2.50 4.00 

19th century 4.55 
4.53 3.84


lot half 3.26 4.06 4.53 3.23 
2.71 3.53 3.68 


2nd hailf 2 3.03 2.93 

20th century 2.31 2.93 
3.20 2.94 3.64 3.04 3.31 

1st hair 2.79 3.06 

Lowest yield or yields are underlined for each time period. All
 
0 Lowest decennial average where available; otherwise lowest reported rate. 

terms and expressed in percentage points.yields in annual 

Source: Homer: (1963)
 



TABLE 3 (Continued) 

HISTOIICAL EVIDEWC ON SHORT-TERN INTEREST RATES 

United States CnmdaSwitzerland Italy
France Dutch Republic Spanish Gerany Sweden 

England 
Holland-- Netherlands-


Belgium 

Rates on Best Credits by Half Centuries"
Minim. 


Date 

13th century 20.00

10.00 


lot half 
 10.00

15.00
2nd half 

14th century 7.007.00
10.00
15.00 5.001st half 10.002nd half 15.00 


5.00 
15th century 


5.005.00
1st half 10.00 .___0_5.00 
 40
2nd half 10.00
16th century 

4.50
4.00
5.00
lst half 5.006.25 5.008.00
2nd hnlf 

17th century
 

6.001st half 


2nd half 3 .CMa 1.75 6.00 

18th century
 
4.00


4.00 1.75
1st half 3 .0 0b 

3.00 

2nd half 5 .00a 4.00 2.00 


19th century 7.99
4.00 4.11 
3 . 5 7b 4 .0 0 a 2.7 3.71 3.90

1st half 4.51
2.97 4.17 3.35 


09b 2.04 2.29 

2nd half .0b 2 .


20th century 0.87 1.90
2.80 1.33 

1.69b 1.26 1.83 2.18 
1st half Q1.b 

lowest reported rate. Lowest yield or yields are underlined for each tim period. All 
Lowest decennial average where available; otherwise 


free open mrket rate.
 
terms and expressed in percentage points, a official discount rate. b 

yields inannual 

Source: Homer: (1963) 



TABLE 4 

ANNUAL REAL RATES OF RETURN: SUMMARY STATISTICS 

US Securities, 1926 - 1981
 

Auerage Real
 
Series Rate of Return Trend D-W R 

Common Stocks 8.3 -.19 2.00 .02 
(.18) 

Small Stocks 14.9 -.06 1.84 .00 
(.31) 

Long Term 
Corporate Bonds* .8 -.23 1.94 .27 

(.09) 

US Treasury Billsw .01 -.00 1.76 .40 
(.008) 

Long Term 
Government Bonds .0S -.22 1.82 .17 

(.07) 

Source: Ibbotson and Sinquefield (1982). Standard errors in parenthesis.
 
D-W denotes the Durbin-Watson test. Units are percentage points.
 

Corrected for first order autocorrelation.
 



Table 5A
 
Behavior of Real Interest Rates in the Neoclassical Model
 

Real Interest Rate 100 years ago-Cobb-Douglas Production FuIction
 

Fraction of Growth Due 
to Transitional Dynamics 

Baseline 
Model 

Depreciation Rate 
6 = 0 6 = .25 

Labor Supply 
N0 = .36 ak = 

Capital Share 
.5 k =9 

End of Period Real 
rT = 4% 

Interest Rate 
rT = 9 % 

IX) (X) (X) (%) (X) 

0% 2% 6.5 6.5 6.5 43.5 6.5 6.5 4.0 9.0 

25X 1.5x 16.7 10.5 26.0 76.6 11.0 6.9 12.7 20.8 

5,j% 1% 40.5 19.9 71.5 153.7 18.9 7.6 32.9 48.2 

75% .5% 119.4 51.0 222.0 409.1 36.2 8.5 99.8 139.0 

IOC% 0% 798.5 318.5 1518.5 2609.2 105.5 10.5 676.0 921.0 

Table 5B 
Real Interest Rate (r.) and Capital Share (az) 100 years ago 

CES Production Function with Elasticity of Substitution p 

Fraction cf Growth Due 
to Transitional Dynamics 

p = 
r0 

.9 
0 kO r0 

p = .5 
akO r0 

p = 1.1 
akO r 0 

p = 1.25 
akO 

x 

0% 2% 6.5 33.3 6.5 33.3 6.5 33.3 6.5 33.3 

25% 1.5% 17.6 35.1 23.7 47.6 16.0 31.9 15.0 30.0 

50% 1% 41.5 37.4 46.9 61.9 39.7 29.9 38.6 25.4 

75% .5% 106.8 40.5 76.2 76.2 136.6 26.8 180.2 18 

100% 0% 430.7 46.3 111.6 90.5 2193.2 20.4 2993474.3 1.6 



Table GA 
Transitional Dynamics. One-Sector Neoclassical Model 

Paraetertzations 

1 2 3 
Time Period (each period has 5 years) 

4 5 6 7 8 9 10 

1) BASELINE MODEL Half life = 8 years 
Average Growth of Capital 165.1 13.3 4.2 1.6 0.7 0.3 0.1 0.1 0.0 0.0 

Average Growth Rate of Output 38.4 4.2 1.4 0.5 0.2 0.1 0.0 0.0 0.0 0.0 

Average Real Interest Rate 129.2 15.7 9.4 7.6 7.0 6.7 6.6 6.6 6.5 6.5 

2) LOW INTERTENPORAL 
SUBSTITUTION 

Half life = 61 years 
Average Growth of Capital 29.4 19.3 13.6 10.1 7.8 6.2 5.1 4.3 3.7 3.4 

(a = 20) 
Average Growth Rate of Output 9.0 6.1 4.3 3.3 2.5 2.0 1.7 1.4 1.2 1.1 

Averaage Real Interest Rate 550.5 257.3 149.2 99.0 71.5 54.8 43.8 36.1 30.4 26.0 

3) STME-CEARY UTILITY Half life = 12 years 

(c = .04) Average Growth Rate of Capital I04.1 35.4 9.3 3.6 1.5 0.7 0.3 0.1 0.1 0.0 

Averaage Growth Rate of Output 26.8 10.6 3.0 1.2 0.5 0.2 0.1 0.0 0.0 0.0 

Average Real Interest Rate 394.6 36.3 13.8 9.3 7.7 7.0 6.8 6.6 6.6 6.5 

4) HIGH CAPITiLL SHARE 
(ak = .5) 

Half life = 13 years 
Average Growth Rate of Capital 60.4 16.3 7.2 3.7 2.1 1.2 0.7 0.4 0.2 0.1 

Average Growth Rate of Output 26.6 7.8 3.6 1.8 1.0 0.6 0.3 0.2 0.1 0.1 

Average Real Interest Rate 55.7 19.9 12.5 9.6 8.2 7.5 7.1 6.8 6.7 6.6 

5) VERY HIGH CAPITAL SHARE 
(ak = .9) Half life = 80 years 

Average Growth Rate of Capital 3.7 3.3 3.0 2.8 2.5 2.3 2.1 1.9 1.8 1.6 

Average Growth Rate of Output 3.3 3.0 2.7 2.5 2.3 2.1 1.9 1.7 1.6 1.5 

Average Real Interest Rate 10.3 10.0 9.7 9.4 9.1 8.9 8.7 8.5 8.3 8.2 



Tab I e GB 
Transitional Dynamics. Two-Sector Neoclassical Model 

Time Period (each period has 5 years)
Paraaeterizat ions 9 10
5 6 7 81 2 3 4 

1) LABOR SHARE Half life = 11 years 
Capital sector = .5 

Consumption sector = .75 

0.4 0.2 0.1 0.1
 
Average Growth of Capital 66.3 15.7 6.4 3.0 1.5 0.8 


0.1 0.1 0.0 0.0
 
Average Growth Rate of Output 13.3 3.6 1.5 0.7 0.4 0.2 

7.2 6.9 6.7 6.6 6.6
 
Average Real Interest Rate 59.9 19.1 11.7 9.0 7.8 


2) LABOR SHARE Half life = 15 years
 

Capital sector = .5 
Consumption sector = .25 

1.0 0.7 0.4 0.3
 
Average Growth Rate of Capital 54.3 16.6 8.0 4.4 2.6 1.6 


1.2 0.8 0.5 0.3
12.0 5.8 3.2 1.9
Average Growth Rate of Output 38.1 0.2 

6.9 6.7
8.7 7.9 7.4 7.1
Average Real Interest Rate 51.3 20.4 13.2 10.3 

annual terms and expressed in percentage points.
Each period has 5 years. All rates reported are the average over the five-year period in 



Table GC 
Transitional Dynamics. Quadratic Adjustment Costs odel 

Time Period (each period has 5 years)
Parme terizattons 

1 2 3 4 5 6 7 8 9 10 

1) b = 32.2 Half life = 47 

4.3 3.4 2.7 2.2
 
Average Growth Rate of Capital 45.0 22.8 14.2 9.8 7.2 5.5 


1.4 1.1 0.9 0.7

13.2 7.1 4.5 3.2 2.3 1.8

Average Growth Rate of Output 

7.7 7.4 7.2
9.2 8.5 8.0
22.7 15.2 12.0 10.2
Average Real Interest Rate 

1.8 1.7
3.2 2.7 2.3 2.0
13.4 7.6 5.2 4.0Average Tobin's Q 


2) b = 2.0 Half life = 14 

0.2 0.1
 
Average Growth Rate of Capital 108.8 25.7 10.3 4.9 2.6 1.4 0.8 0.4 


0.1 0.0
0.8 0.5 0.3 0.1
27.8 7.9 3.3 1.6
Average Growth Rate of Output 

6.6 6.6
7.7 7.2 6.9 6.7
37.6 16.5 11.0 8.8
Average Real Interest Rate 


1.0 1.0
1.0 1.0 1.0 1.0
2.6 1.4 1.2 1.1 

Each period has 5 years. All rates reported are the average over the five-year period in annual terms and expressed in percentage points. 

Average Tobin's Q 




Table 7 

Paroaetertzat Lois 

Transitional Dynamics. 

1 

Open Economy 

2 

with Adjustment Costs 
Time Period (each period has 

3 4 5 6 
5 years) 

7 8 9 10 

1) b = 32.2 Half life = 37 

Average Growth Rate of Capital 

Average Growth Rate of Output 

Average Tobtn's Q 

64.1 

18.0 

22.4 

22.6 

7.0 

8.3 

12.5 

4.0 

5.0 

8.1 

2.6 

3.6 

5.7 

1.9 

2.8 

4.3 

1.4 

2.4 

3.3 

1.1 

2.0 

2.6 

0.8 

1.8 

2.0 

0.7 

1.7 

1.6 

0.5 

1.5 

2) b = 2.0 Half life = 9 

Average Growth Rate 

Average Growth Rate 

Average Tobtn's Q 

of 

of 

Capital 

Output 

146.3 

35.0 

4.6 

19.5 

6.1 

1.4 

5.8 

1.9 

1.1 

2.0 

0.7 

1.0 

0.7 

0.2 

1.0 

0.3 

0.1 

1.0 

0.1 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

0.0 

0.0 

1.0 

Each period has 5 years. All rates reported are the average over the five-year period in annual terms and expressed in percentage points. 



Table 8
 
Effects of Technology Parameters on Calibrated Steady State
 

A. Alternate Values of Labor's Share (a2) with 6 H = 6 k = .10 

A! 
Technology Parameters 

A2 aI
A "1 

a2
'2 

Tax Rates 

I 2 
T 1 T2 

Investment Shares 
SI s 

Si 
p 

Prices 
w 

Interest Rate 
R 

Growth Rate 

H 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0323 
0.0494 
0.0701 
0.0933 
0.1182 
0.1436 
0.1676 
0.1823 
0.1876 
0.2001 
0.2000 
0.1789 

0.6667 
0.6667 
0.b667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 

0.0100 
0.1000 
0.2000 
0.3000 
0.4000 
0.5000 
0.6000 
0.6700 
0.7000 
0.8000 
0.9000 
0.900 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.5911 
0.5816 
0.5693 
0.5548 
0.5373 
0.5158 
0.4890 
0.4657 
0.4543 
0.4077 
0.3421 
0.2546 

0.3982 
0.3831 
0.3645 
0.3438 
0.3206 
0.2944 
0.2647 
0.2413 
0.2305 
0.1908 
0.1443 
0.0950 

5.5061 
5.5061 
5.5061 
5.5061 
5.5061 
5.5061 
5.5061 
5.5061 
5.5061 
5.5061 
5.5061 
5.5061 

0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 

1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 

1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 

B. Alternate Values of Labor's Share (a2) with 6H = .0128 and 6 k = .10 

Technology Parameters Tax Rates Investment Sh-ares Prices Interest Rate Growth Rate 

Al A2 a1 a 2 T s p W R 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
i.0000 
1.0000 
1.0000 

0.0148 
0.0227 
0.0322 
0.042S 
0.0543 
0.0659 
0.0770 
0.0837 
0.0861 
0.0919 
0.0918 
0.0821 

0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 

0.0100 
0.1000 
0.2000 
0.3000 
0.4000 
0.5000 
0.6000 
0.6700 
0.7000 
0.8000 
0.9000 
0.9900 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.4445 
0.4334 
0.4199 
0.4052 
0.3890 
0.3710 
0.3511 
0.3357 
0.3287 
0.3036 
0.2751 
0.2459 

0.3471 
0.3355 
0.3218 
0.3070 
0.2912 
0.2741 
0.2556 
0.2417 
0.2356 
0.2137 
0.1898 
0.1664 

11.9949 
11.9949 
11.9949 
11.9949 
11.9949 
11,9949 
11.9949 
11.9949 
11.9949 
11. rj.49 
11.W'49 
11.9949 

0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 
0.9476 

1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.06,50 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 
1.0650 

1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 
1.0200 



Effects of TaWMtor On a tMy -. 

.67 and a = IA. Alternate Tax Rates with a2 


Growth Rate
Interest Rate
Prices
Investment Shares
Tax Rates
Technology Parameters a Tx R TesSpPaaet 
 w R
1H

Al A2 a1 a2 2
 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
i.OOO 

0.0834 
0.0834 
0.0634 
0.0834 
0.0834 
0.C034 
0.0834 
0.0834 
0.0834 
0.0834 
0.0834 
0.0834 

0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 

0.6667 
0.6367 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 

0.5000 
0.5000 
0.4000 
0.4000 
0.3000 
0.3000 
0.2000 
0.2000 
0.1000 
0.1000 

0 
-0.1000 

0.5000 
0 

0.4000 
0 

0.3000 
0 

0.2000 
0 

0.1000 
0 
0 

-0.1000 

0.0969 
0.1394 
0.1302 
0.1762 
0.1694 
0.2145 
0.2157 
0.2541 
0.2706 
0.2948 
0.3365 
0.4164 

0.1069 
0.1268 
0.1325 
0.1533 
0.1590 
0.1782 
0.1863 
0.2013 
0.2141 
0.2227 
0.2424 
0.2712 

11.9949 
5.9974 

11.9949 
7.1969 

11.9949 
8.3964 

11.9949 
9.599 

11.9949 
10.794 
11.9949 
11.9949 

0.3926 
0.3560 
0.4984 
0.4609 
0. 676 
0.5731 
0.7191 
0.6920 
0.8326 
0.8170 
0.9476 
1.0638 

1.0202 
I.461 
1.0288 
1.0540)6 
1.0377 
1.047 
1.0407 
1. 0-84 
1.068 
1.0618 
1.0650 
1.0743 

0.9771 
1.0019 
0.9853 
1.0062 
0.9938 
1.0101 
1.0025 
1.0137 
1.0112 
1.0170 
1.0200 
1.0289 

B. Alternate Tax Rates with a2 = .9 and a = I 

Al 

Technology 

A2 

Parameters 

a a2 

Tax Rates 

T 2 

Investment 

s 

Shares 

s p 

Prices 

w 

Interest Rate 

R 

Growth Rate 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.0918 
0.0918 
0.0918 
0.0918 
0.0918 
0.0918 
0.0918 
0.0919 
0.0918 
0.0918 
0.0918 
0.0918 

0.6667 
0.6661 
0.6667 
0.6667 
0.6*6367 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 

0.9000 
0.9000 
0.9000 
0.9000 
0.9000 
0.9000 
0.9000 
0.9000 
0.9000 
0.V0O 
0.9000 
0.9000 

0.5000 
0.5000 
0.4000 
0.4000 
0.3000 
0.3000 
0.2000 
0.2000 
0.1000 
0.i000 

0 
-0.1000 

0.5000 
0 

0.4000 
0 

0.3000 
0 

0.2000 
0 

0.1000 
0 
0 

-0.1000 

0.1071 
0.1326 
0.1348 
0.1606 
0.1648 
0.1889 
0.1977 
0.2175 
0.2340 
0.2462 
0.2751 
0.3229 

0.1127 
0.1121 
0.1327 
0.1304 
0.1509 
0.1472 
0.1667 
0.1626 
0.1798 
0.1768 
0.1898 
0.1965 

10.3864 
4.7778 
10.8309 
6.0871 

11.1967 
7.4701 

11.6043 
8.9194 

11.7671 
10.4292 
11.9949 
12.1945 

0.3857 
0.3424 
0.4914 
0.4476 
0.6012 
0.5613 
0.7141 
0.6829 
0.8298 
0.8118 
0.9476 
1.0672 

1.0245 
1.0580 
1.0325 
1.0598 
1.0406 
1.0613 
1.0487 
1.0627 
1.0569 
1.0639 
1.0650 
1.0731 

0.912 
1.0133 
0.9889 
1.0150 
0.9966 
1.0165 
1.0044 
1.0178 
1.0122 
1.0189 
1.0200 
1.0278 

C. Alternate Tax Rates witi. a = .67 and a = S 

Technology Parameters Tax Rates Investment Shares Prices Interest Rate Growth Rate 

Al A2 aI a2 T T s p w R H 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
10000 
1.0000 
1.0000 

0.08M34 
0.0834 
0.0834 
0.0834 
0.0834 
0.0834 
0.0834 
0.0834 
0.0834 
0.0834 
0.034 
0.0834 

0.6667 
0.6667 
O.f667 
0.6667 
0.6667 
0.6667 
O.G67 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 

0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6667 
0.6C67 
0.6667 
0.6667 

0-5000 
0.5000 
0.4000 
0.4000 
0.3000 
0.3000 
0.2000 
0.2000 
0.1000 
0.1000 

0 
-0.1000 

0.5000 
0 

0.4000 
0 

0.3000 
0 

0.2000 
0 

0.1000 
0 
0 

-0.1000 

0.2051 
0.1982 
0.2341 
0.2274 
0.2611 
0.2-57 
0.2873 
0.2833 
0.3122 
0.3101 
0.3365 
0.3602 

0.1548 
0.1591 
0.1759 
0.1783 
0.1943 
0.1960 
0.2120 
0.2125 
0.2278 
0.2279 
0.2424 
0.2561 

11.9949 
5.9974 

11.9949 
7.1969 

11.9949 
8.3964 

11.9949 
9.59%9 

11.9949 
10.7954 
11.9949 
11.9949 

0.3933 
0.3563 
0.4992 
0.4612 
0.6073 
0.5734 
0.7197 
0.6922 
O.R8329 
0.8171 
0.9476 
1.0633 

1.0197 
1.0458 
1.0284 
1.0504 
1.0378 
1.0545 
1.0464 
1.0583 
1.0%7 
1.0618 
1.OG50 
1.0744 

1.0112 
1.0163 
1.0129 
1.0172 
1.0147 
1.0180 
1.0164 
1.0187 
1.0182 
1.0194 
1.0200 
1.0218 



Table 10 
Effects of Taxation on Small Open Economy 

T1 
Tax Rate 

T2 
Growth Rate 

I 

.9872*
.050 .050 


0 .9872K
.050 


.025 .025 .9872*
 

.9923.025 0 

.010 .9881
.010 


1.0080.010 0 

0 1.0200
0 


Economy is calibrated so that closed economy version is equivalent to panel 

A, Table 9. i.e., A1 = 1, A2 = .0834, a I = a2 = 2/3. 5K = .10, 6H =.0128 

and a = 1. An asterisk indicates human capital investment is zero. 



Table 11
 
Tax Effects on Growth in Example Economy
 

A. Growth of Consumption (i)
 

T 

a 0 0.10 0.20 0.30 

10.00 
5.00 
2.00 
1.00 
0.50 
0.20 
0.10 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

1.84 
1.68 
1.21 
0.42 

-1.14 
-5.66 

-10.00 

1.68 
1.36 
0.41 

-1.16 
-4.22 
-10.00 
-10.00 

1.52 
1.03 

-0.40 
-2.74 
-7.26 

-10.00 
-10.00 

B. Welfare Effect 

100 [1 - (Co/Co)] 

a 
T 

0 0.10 0.20 0.30 

10.00 
5.00 
2.00 
1.00 
0.50 
0.20 
0.10 

0 
0 
0 
0 
0 
0 
0 

0.82 
1.54 
3.27 
5.16 
7.05 
8.22 
---

4.71 
7.94 

13.29 
16.59 
17.77 

35.23 
28.46 
30.38 
30.18 
27.48 

C. Initial Consumption Effect 

100 [(C/Co) - 1] 

T 

0 0.10 0.20 0.30a 


0 3.54 7.12 10.76
10.00 

0 7.07 14.22 21.475.00 

17.63 35.39 53.30
2.00 0 

0 35.12 70.23 105.351.00 

69.69 138.29 205.81
0.50 0 

170.23
0
0.20 
 0
 

0.10 


Hence, welfare and initial
indicates economy contracts at rate -6. 


consumption effects are not calculated.
 

4 



T = .20 

T = .30 

Preference 

Parameter 


a = 10 
a = 5 
a = 2 
a = 1 
a = 1/2 
a = 1/5 
a = 1/10 

Table 12
 
Taxation in the Neoclassical Model
 

Increase in Tax Rate from T = .20 to T = .30
 

A. Steady State Effects 

c X Decline k X Decline 

.2049 .4109
 

.1975 3.6 .3.363 18.2
 

B. Full Transition Path Effects
 

Initial Consumption % Decline in Utility
 
Level Equivalent Consumption Path
 

.2080 .97 

.2160 1.21
 

.2140 1.46
 

.2184 1.60
 

.2243 1.71
 

.2346 1.80
 

.2439 1.84
 



Table 13
 
Tax Effects on Growth in Two-Sector Economy
 

A. Growth of Consumption (-) 

a 
T 

0 0.10 0.20 0.)30 

10.00 
5.00 
2.00 
1.00 
0.50 
0.20 
0.10 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

1.84 
1.69 
1.22 
0.46 

-1.01 
-4.87 
-9.45 

1.68 
1.37 
0.44 
-1.09 
-3.97 

-10.00 
-10.00 

1.52 
1.05 

-0.36 
-2.64 
-6.89 

-10.00 
-10.00 

B. Welfare Effect 

100 [1 - (0/C 

a 
T 

0 0.10 

10.00 
5.00 
2.00 
1.00 
0.50 
0.20 
0.10 

0 
0 
0 
0 
0 
0 
0 

0.88 
1.58 
3.26 
5.12 
7.02 
8.44 
8.53 

0 )] 

0.20 0.30 

4.68 27.42 
7.81 26.96 

13.06 29.72 
16.40 29.90
 
17.79 27.72
 

C. 	Initial Consumption Effect 
100 [(C%/C o ) - 1) 

T 

o 	 0 0.10 0.20 0.30 

10.00 	 0 3.39 6.81 10.25
 
5.00 	 0 6.85 13.76 20.74
 
2.00 	 0 17.13 34.37 51.73
 
1.00 	 0 33.94 67.77 101.48
 
0.50 	 0 66.16 130.25 192.08
 

0 149.57
0.20 

0 245.07
0.10 


-indicateseconomy contracts at rate -6. Hence, welfare and initial
 

consumption effects are not calculated.
 



FIGURE 1 

Growth Rates versus Initial GDP Level 
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FIGURE 2
 

Persistence of growth in Summers & Heston data 
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FIGURE 3
 

-Government Share versus Growth 
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FIGURE 4 

Investment Share versus Growth 
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FIGURE 50.6 
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A-i
 

Appendix A
 

Properties of Human CapitIl Accumulation
 

capital is given by
The growth of human 

Ht+i Ht - =et - 6E) 

where for the purpose of 
this appendix we consider 

only human capital
 

investment and, thus, do 
not subscript the variable 

I. Here, we explore
 

function, which is assumed 
to be increasing and
 

parameterizations of the 
e 

0. That is, without investment
 
One natural property is that 

E(0) = 
concave. 


= 6. A constant 
at gross rate H 

human capital grows
in human capital, 

involves
elasticity form for E 

+ B 0 - Ce(') = A[( 1 ) 


H H
 

A, B, and C are parameters 
to be determined.
 

where 0, 
concave implies DO > 0 and 

that 0() is increasing and 
The restriction 


D2E < 0, for (I/R) > 0.
 

+ B]0-1AO[(I/H)DE = 

+ B30-2AO(-1) [(I/H)=D2( 

E(0) = 0 implies that 
< 0. The restriction that 

so that AO > 0 and (0-i) 
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AB0 - C - 0. 

to this point, we have required that 0 < 0 < 1, A > 0 and that 
Thus, 

I 1I - AB 0 
e( ) = A[i + B) A 

Restrictions from Slopes 

Another restriction that can be imposed is that there are locally no 

"costs of adjustment" at some point. One possibility is that this is zero at 

that this is at e(I/H) = bH . In either case the 
I/H = 0 and another is 

We consider
= 1, at the appropriate point.requirement translates into DE) 


these two cases in turn.
 

(a)requirement at I/H = 0. 

1
 

DE(O) = AOB 0- 1 = 14 B =(AO)T
 

0
 
- = using the E(0) = 0 requirement4 A(AO) 1 C 

1 t
 

AAn 0 = .C
 

so that the function E)(.) takes the form 



- -
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E F)= AIAOH) +- l 0 

(b) requirement at e(I/H) = 1. 

S A(()r B)+ + 

DE= AO((!) +B)0-1 = 

0-1 

AO( A ) = 

0-1
 

A1/ 0 o (C + H T = 1 

0 1 0 
0] - = A 0 1--0 

(C + 6 H) = [A1 / 0 

so that the function takes the form 

01 

B A'-' DV+ bE)(1) A (1) + 0 

A'TO'-'- b -T ) -0 

1 0,0 0 A0 

=~j)+ (A'-' O - bH)1/] - 1 01-U + 
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- 0. Experiments in this H

Note that the preceding functions coincide 

if 8


-
 I
 
paper use a version of the former specification 

with A 


1 0 0 

which are single parameter functions.
 

graph of this function for some alternative 
values
 

Figure A-i provides a 


of 0.
 



Figure A-i 
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Appendix B
 

Calibration of Two Sector Endogenous Growth Model
 

This appendix discusses the formal structure of the two-sector endogenous
 

growth model outlined in the main text, as well as our procedures for
 

calibrating its steady state and exploring policy implications.
 

The representative agent in this economy solves the dynamic optimization
 

problem
 

Max E P u(Ct)

t=O
 

subject to the accumulation constraints
 

Kt+ 1 = (i-K)Kt + IKt 

Ht+1 = (IHt/Ht)Ht + (1-bH)H t 

the resource constraints
 

Ct + IKt- 1F1 (KIt, Mit) +it 

IHt n 2 F2 (K2 t , M2 t) + Tt 

and the factor allocation constraints
 

Mit + M2t NHt 
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Kit + K2t < Kt
 

To analyze equilibrium behavior, we form the Lagrangian
 

t 

t=O
 

+ E Ait[1IFIt + Tit + (-)Kt - Kt+1 - Ct) 
CD - FzTtH+it=O
 

M - Qz2 tit
2 2t
 
t+ 2t ( Ht )t *~ H)Ht t+i1 

t=0
 

+ 7 [ - iMt - t0M2

t=
 

For consumption, we have
The efficiency conditions take the following forms. 


the familiar requirement that
 

ftDu(Ct) = Alt.
 

For the cross-scctoral allocations of factor stocks, we have the four
 

conditions
 

Ht) QKt
AIt01DIFI H(Kit= 
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AltnID2FI(KitI Mit) = QMT 

FM2t'A2 tDetn 2 D1 F2 (K1
2 t 2 = Kt 

A2 tDetn 2 D2 F2 (K2tI M2 t) = QMt 

For the efficient evolution of capital stocks, we have the two shadow price
 

requirements
 

'lt = A I,t+I(1-bK) + QK,t+I 

-2F2,t+ 1 + T,+) 

+ A2,T+I et+1 -Det+( 
4~t A2,T+(1-H) + Qlt,T+1N 

and the transversality conditions
 

1 i m AI Kt+i
 
tI-

1 i m A2Ht+i 
t--- M
 

Finally, we have the four resource constraints
 

Kt+i = iFit + Tit + (1- 6K)Kt - Ct 

H =G( 2 F2t +T2 t)H+ 
= Ht + 1-6H)Ht
 

Ht+l eHtH )H H t
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Kt Kt + K2 t 

NHt Hit 	1 m2t 

Steady State Requirements
 

Consolidating the preceding conditions, we find that the steady state is
 

described by
 

= (SS1) 	 0(,yH) -  1/(l+r). 

(SS2) 	 (1+r) = (1-6 K) + 0 1D1F1 (K1 /Mi, 1) 

("$3) 	 (1+r) = [(-6 H) + N DE 12D2F2 + e -(F 2 /H) DOI 

(SS4) 	 D1F1 (K1 /MI, 1)= DIF 2 (K2 /M2 , 1)
 

S2F I (KI /Mis 1) D2F2 (K2/M2, 1)
 

(SS5) - H1 2
 

(SS6) 	 L = 1 + (K2 H2) 

(SS7) 	 7H = e(IE/H) + I- H 

K2 M2 
(SS8) IE/H = F21(2 ) -

2
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YF (K / MI M
 

(SS9) = FI(K1 / 1 , 1H-


CsY.O) 	 KC 
 +1 


This system is 10 equations in the 10 unknowns 7' (1+r), (K1/M1), (K2 /M2 ), 

(MI/NH), 	(K/NH), (IE/H), (Y/NH)anr3 (C/NH).
 

Calibration
 

For the purpose of determining the parameters 
of the steady state to
 

match observed average growth and real 
interest rates, we proceed as follows.
 

First, we postulate CES forms for the F1 and F2 functions, so that Fi
 

-p. -p. -1/pi 

Ai 'i, = Ai[(lai)Ki 1 + aiM 1)]
Fi(Kil Mi; 

Then, we 	compute the steady state according 
to the following algorithm:
 

invert (1+r) = DIF 1 (KI/Mil) + I-bK to 
Step 1: 	 Given A1 = 1, al, and PIS 


obtain steady state K1/M1 ratio using 
(SS2).
 

calculate 	K2/M2 from requirement that
and P2Step 2: 	 Given al, a2,S o 


marginal rates of transformation are 
equated in the two sectors,
 

using (SS4).
 

Given the 	parameters of E function-the coefficients developed in Step 3: 


0 and A3)-compute (IE/H) consistent 
with specified
 

Appendix 	A (i.e., 


7H using 	(SS7).
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Step 4: 	 Given the results of the preceding steps, (SS3) permits-ith 

specification of D2-solution for the parameter A2
 

r+6H - [E(IE/H) - De(IE/H)(IE/H)) 

NDO(IE/H)0 2 rD2 F2 (K 2 /M2, 1)/A 2) 

Step 5: 	 Use (SS8) to compute the fraction of time in efficiency units
 

allocated to investment in human capital, given previously
 

determined (IE/H) and (K2/M2) with specified N.
 

(M2/NH) = IE/[F2 (M2,1)]
 
2
 

Step 6: 	 Compute M1/NH = 1-(M2/NH), using (SS5). 

M1 K 	 M1
 

Step 7: 	 Compute - = (M1)(-) = F2 [(gI) , 1; A1, cl, pIs'(-), using (SS8) and 

the results above.
 

Ste Copue =8 	 K1 M1 K2 M2
 
)Step 8: C P RH + 2 , using (SS6) and the results above. 

1 2 

St p 9: 	 Compute C- NH _H ('-gK) -, using (SS9) and tho results 

above.
 

Step 10: 	Compute 3 = '%/(lr)using (SS1) and the results above. 
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The frame of reference given to me as a discussant and the broad scope of
 

the King-Rebelo paper both lead me to want to share with readers avision of the
 

growth process. 
I do not really think of this vision as being my own; rather it
 

is the way in which I would express what I consider the "consensus view" of a
 

considerable number of professional economists with wide experience in
 

developing countries.
 

First, the growth process is extremely complex; there are many "known"
 

sources of growth. Second, our understanding has been much enhanced by the
 

neoclassical growth model
 

(1) LY - WAL + pAK + R.
 

Here R is the Solow-Denison residual. 
 I take it to be a recognized fact that
 

most of the cross country variation in the growth rate (LY/Y) comes from
 

varition in the residual (R/Y). 
 This is also true of the variation of (LY/Y)
 

over time in a single country.
 

Third, additional subtlety and understanding are introduced with a
 

disaggregated version of equation (1) is used
 

(2) 6Y - jw. AL. + P AK. +R' 

Here, different qualities of labor have different w 
 Investment in human
 

capital entails shifting labor from one category to the other. 
Any impact on
 

human capital investment that is reflected in market earnings will be captured
 

in the first term (Xwi AL.) of equation (2). The new residual R' is free of any
 

such "influence." The adroit choice of categories for labor and capital can
 

also cause reallocations of resources across 
industries to be captured in the
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first two terms of (2). For example, corporate capital has a high Pj because of
 

corporation income taxes, housing capital has a low P 
because of explicit and
 

implicit subsidies. Reallocations of capital among such activities can make
 

positive or negative contributions to growth; 
these will be caught in the
 

Xpj AK term of (2), not in R'.
 

I think of (2) 
as the modern neoclassical decomposition of growth. I use
 

the term attribution to describe the procedure. 
 It attributes a marginal
 

contribution of w. to each ALi 
 and a marginal contribution of p. to each AK.
 

If w'l 
is high because of labor union monopolies, so be it.. .the attribution
 

would still be precisely correct if the users 
of that labor acted as price
 

takers. The attribution of wi to each category of labor is inexact to the
 

degree that labor monopsony a product monopoly characterizes the users of that
 

labor in sector i. In this 
case w. would tend systematically to understate the
1
 

(marginal) contribution of AL. to AY.

1
 

As a practical empirical exercise, think of measuring wi and ALi for as
 

many categories of labor and of measuring the perceived real return to capital
 

p. and the 
J 
increment of capital stock AK. 

J 
for as many categories of capital as
 

one deems useful. As far as choosing categories for capital are concerned, the
 

most significant limitation is the need for data on investment for each such
 

category, time series on real capital stock can then be generated by perpetual
 

inventory techniques, and rates of real return p 
can accordingly be estimated.
 

One can keep in mind, then, a vision of the growth process in which we attribute
 

to each AL. the going wage for that particular category of labor in that
1
 

particular occupation and/or industry and in which we attribute to each
 

increment of capital stock AK. its corresponding pj, measured as suggested
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above.
 

All this will leave a residual R' (- AY - Yyi ALi - 1Pj /K ) The one
 

thing we can presume about R' is that it does not measure the ordinary marginal
 

productivity of factors of production. 
It comes from other sources, for which
 

the term technical advance is, I think, a good catch-all
 

Many economists are not aware 
that R' has a "dual" representation. To show
 

this, let individual outputs be denoted by X. and individual factors 
(including
 

both labor and capital categories) by Fi. Letting their respective prices be P
 

and W., we have a definition of national output Y as
 

(3) Y -	I X.P. - I W..Fi 

The term 	I X.P. adds up the value added of all activities J, while the term
 

I FiW i captures total product as 
the sum of the individual rewards earned by the
 

different categories of labor and capital.
 

Now take the differential of expression (3). This yields:
 

(4) 1 X P + I Pj AXj - I Fi W. + i Fi 

Rearranging terms, this gives us
 

(5) 	1 P. AXj Wi AF, F, W. X P 

-R' .-R 

The left hand side of (5) is the ordinary definition of R' (change in output
 

valued at "last period" prices minus change in factor inputs, also valued at
 

"last period's" prices). The right hand side of (5) has to give us the same
 

answer. It is the "dual" representation of R' and is equal to the amount by
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which the weighted sum of factor price increases exceeds the weighted sum of
 

output price increases. It is thus a measure of reduction in output prices
 

relative to factor costs.
 

I truly appreciate this "dual" representation of R' because it brings out
 

very clearly how any and everything that reduces real costs per unit of output
 

contributes to economic growth. Eliminating unnecessary motion in an assembly
 

line, buying a better broom that sweeps a larger area in the same time, finding
 

a use 
(as final product) for something that was previously thrown away as waste

-all these contribute to growth just as 
surely as did the invention of hybrid
 

corn or of laser beams.
 

A second important lesson from the "dual" representation of R' is that on
 

the whole it is a measure of consumer benefit. This is certainly true to the
 

extent that factor markets really function across sectors and industries. Any
 

one innovation in any one sector will not normally produce rises in the
 

equilibrium rewards of its factors. 
 Its owners might gain in the short to
 

middle run, with returns per dollar of capital rising while product prices and
 

wages remain relatively constant. But if competition prevails, returns to
 

capital will over time be driven back to normal; ultimately, the reflection of
 

the innovation will be a reduced real price to the consumer.
 

Looking around in the real world, we 
find dramatic evidence that consumers
 

gain from technological improvements. Each decade seems to have its own
 

standout activity--first automobiles, then tires, then plastics, then chemicals
 

and pharmaceuticals, then telecommunications, then computers. In each case the
 

bulk of the benefit came by way of a reduced real price to the 
consumer. Think
 

of it this way; each important innovation in each industry has only a small
 

impact on economy-wide real wages; but it has 
a big impact in reducing the real
 

tfI\ 0 
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cost of the product. The actual rise in real wages (for given skills) in an
 

economy tends to reflect the "average" rate of tehcnical advance (R'/Y).
 

Services (like haircuts and taxi rides) with little technical advance tend to
 

have secularly rising real prices, while those (like computers and hi-fi sets in
 

recent years) with greater than average technical advance tend to fall in
 

relative price.
 

I see the process as one in which the reduction in relative price of the
 

product is the individual consequence of just about every technical advance.
 

The rise in real factor rewards is a broader market phenomenon, and tends to
 

reflect the average rate of technical advance for the economy as a whole.
 

Yet another lesson from the "dual" representation of R' is that it is
 

fruitless to search for a "full" attribution of economic growth to the different
 

factors of production. 
It is vain to hope that we will be able to reduce the
 

residual to zero. If not vain, then certainly pessimistic, for an R' of zero
 

would mean that consumers have ceased to benefit from economic growth, that real
 

wages have ceased to rise (except for upgrading through investment in human
 

capital). Such would not be 
a happy scene, nor one that represents an
 

extrapolation of past experience.
 

A final lesson concerning (R'/Y)--that can be derived from either of its
 

two representations--is that it varies greatly across industries and sectors.
 

Kendrick's classic study of technological advance by industry showed vast
 

differences across industries within each decade and across decades within each
 

industry. 
Comparisons across countries lead to similar conclusions. High
 

growth nearly always reflects a high (R'/Y), but (R'/Y) is not steady and
 

predictable. If we think in terms of a growth process described by
 

Y - LOK(l )eAt we naturally tend to view growth as steady and generalized,
 

A\
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working, in principle, throughout the economy. My analogy here is with yeast in
 

causing bread to rise, or with air in a balloon. The much better analogy, given
 

the evidence just referred to, is with mushrooms. Productivity growth may occur
 

here, there, or anywhere. It is hard to predict where the rate will be high or
 

low. Policywise, the best we can do is provide a favorable environment-

temperature, ventilation, darkness, and humidity in the case of growing
 

mushrooms; tax and trade, credit and monetary policies that are robust and
 

allocationally relatively neutral in the case of promoting the growth of total
 

factor productivity.
 

This visicrn of the growth process fits the facts of most cases of
 

exceptional growth (the exceptions are cases where major world price changes-

like the oil price booms--were the cause of a country's prosperity). Most
 

particularly, it fits the cases of spectacular growth by the East Asian NICs--


Hong Kong, Singapore, Taiwan and Korea. Perhaps the most notable aspect of
 

their growth is the unexpected things they ended up producing.
 

Let me try to summarize a -vision of the growth process that fits with the
 

above observations and with the bulk of our experience:
 

1. 	 Many factors combine to produce episodes of outstanding growth,
 

[Spain 1961-73, Panama 1960-73, Greece 1963-73, Mexico 1957-72,
 

Brazil 1968-76, Indonesia 1968-81, Malaysia 1971-84, Guatemala 1968

78, Pakistan 1978-86, Portugal 1960-73]. The key question is when
 

does a country "get it all together," or perhaps get enough of it
 

togetl'er to produce a spurt of extraordinary growth.
 

2. 	 Human capital investment is important. Part of getting it all
 

together is having good managers, a qualified labor force with a wide
 

range of skills, etc. But, as shown at length above, human capital
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investment works through Xwi ALl, not through R'. Insofar as the
 

truly successful growth episodes are characterized by high (R'/Y),
 

they seem to require important contributions above and beyond human
 

capital investment.
 

3. 	 Success is fragile. Many countries fall back after episodes of
 

highly successful growth. Argentina, Brazil, Guatemala, Mexico, and
 

Portugal all provide good examples.
 

4. 	 Their relative success at "getting it all together" determines, among
 

other things, how fast backward countries catch up--i.e., approach
 

the technological and productivity frontier. The idea of one
 

production function applying in all countries just does not fit the
 

facts. A better approximation is the assumption that each country
 

even 	better, each enterprise--has its uwn production function (along
 

which 	it works at any given time). That production function shifts
 

through time, hopefully coming closer to the one that defines the
 

world 	technological frontier.
 

5.-	 It is wrong to think that somehow human capital investment produces
 

externalities. The great growth spurts in Taiwan and Japan were not
 

a reflection of such a rapid spurt in human capital. Rather, it was
 

in other aspects, other facets of policy that they were able
 

generally to "get their act together."
 

6. 	 It is useful to make mental experiments like shifting Indian
 

taxidrivers to New York, or Guatemalan housemaids to Los Angeles, or
 

Philippine nurses and Argentine doctors to Chicago. In the new
 

environment, their productivity rivals that of natives; their "human
 

capital" is just as good as that of U.S. nationals.
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7. 	 The pace with which a country moves from its present interior point
 

to the world technological frontier is not plausibly predictable. It
 

really does not pay for economists to try to endogenize this time
 

path. Nevertheless we must recognize that for the biggest spurts of
 

growth that we have observed over recent decades, the name of the
 

game is "closing the gap"--i.e., bringing the country's production
 

function in a given line of activity rapidly closer to that would
 

technological frontier.
 

With this vision of the world I now turn to some of King and Rebelo's
 

questions (p. 4).
 

1. 	 Q Why is sustained growth in per capita income feasible? 

Ans 	 Because technical advance is not all eaten up in reward to
 

innovators for their human capital. If it were we would still have
 

growth 	in output per head but we would have no residual (R'). With
 

no residual there would be no tendency for real wages of each
 

category of lLbor (L,) to rise secularly.
 

2. 	 Q Is the vision of the world capable of generating the pattern of 

cross-country diversity of growth that we observe? 

Ans 	 We have different production functions everywhere. These
 

differences are important in explaining cross-country variations in
 

income per capita. Likewise, the major differenceF In growth rates
 

among developing countries are in the speed with which they approach
 

the full exploitation of existing knowledge (the world technological
 

frontier).
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3. 	 Q How does this vision predict the behavior over time of the growth 

rate 	of output and of the real interest rate?
 

Ans 
 The real interest rate will, with capital mobility, tend to the
 
world level. 
However, vast and sustained differences in real
 

interest rates can and do exist across countries due to barriers to
 
capital mobility and (importantly) to differences in perceived risk.
 

LDC's can best promote growth by providing a good and stable
 

(reliable) policy environment. 
Above all they should not impede the
 

sensible modernization of each industry as 
it "gets its act
 

together."
 

The vision would predict that the best LDC's will always or
 
nearly always have greater growth than the countries at the world
 

frontier. 
The worst 1.DC's have in the past grown much less than the
 

frontier, but on the whole this has been the result of bad policies.
 

There 	seems no need for even the worst of them to grow slower than
 

the frontier countries.
 

4. 	 Q What implications for (potentially) observable variables allow us
 

to distinguish this vision from competing models?
 

Ans 
 The question is not too apt, but nonetheless, we can say that
 

most 	competing models tend to be too partial--emphasizing only one or
 
two or three of the many facets of growth. 
 It takes very little to
 

show that R' is real, and that any approach that says R' is
 

unimportant is inconsistent with the data. 
Similarly, any approach
 

that relies primarily on human capital investment to explain all
 

/N
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growth runs quickly into contradictions with the data. Also any
 

approach which places many different countries on the same production
 

frontier can easily be disproved. Our v.sion is more general, and
 

has in part, been built up by the experiences of confronting simpler
 

hypotheses with the data and finding, simply put, that they do not
 

fit.
 

5. 	 I would add a question about ixrrpDLcit dynamics in place of King

Rebele's rrossly overspecific question 5.
 

Ans The vision being put forward has no implied dynamics, in the
 

sense that it is not able to predict the speed with which a country
 

approaches the technological frontier. In terms of the vision
 

itself, it is naive to think that there should be such an implicit
 

dynamics.
 

Some 	specific observations on the paper.
 

p.7 
 The tendency for periods of high and low growth to be persistent is
 

established, with an R of .39. 	 2_
That means R - .15. Only 15 percent of the 

variation among growth rates is explained by earlier period rates. I 

believe even less of the variation in (R'/Y) across countries would be 

explained by its earlier-period value. 

p.8 	The authors note that in the Summers-Heston data the share of government is
 

negatively correlated with growth. No correlation is observed in the 1950

68 period. The negative relation stems from 1970-81. 
Observation: there
 

was much less variation in-(-/Y)-in the earlier period. Recent decades
 

have witnessed a worldwide growth of the government sector, much of it ill

considered and with a negative effect on output.
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p.12 The implied dynamics of transformed capital is not particularly meaningful
 

to explain real-world observations. Reason: 
the model is one of a closed
 

economy. International capital movements are major sources of variation in
 

investment rates across LDCs.
 

p.14 Similarly, lifetime utility functions are not the key to any relevant
 

observable real interest rate, at least in the developing countries. The
 

world interest rate is the key parameter here, together with the specific
 

reasons why the interest rate of any particular LDC will diverge from the
 

world rate.
 

pp 14-16 Real interest rate implications at the top of page 15 are absurd. 
The
 

methodology yields high real interest rates because it is putting LDCs on
 

the same isoquants as advanced countries. Once it is recognized that the
 

LDCs operate with inferior techniques, the paradox of such high implied
 

rates of return can easily be eliminated.
 

pp. 18 The possibility of different constant terms in the production function
 

is mentioned here. 
The authors say this "only works in the absence of
 

technological progress." 
 Not so in our vision of the growth process. For
 

LDCs we do not even need exogenous progress at the frontier (though our
 

vision contemplates it). The important thing for LDCs is the closing of
 

the technological gap. I would say as 
an empirical statement that can be
 

contradicted or verified that "growing economies take (more) advantage of
 

existing possibilities (i.e., can be demonstrated to be closing the
 

technological gap), while stagnant economies do not." 
 The truly hopeless
 

cases even seem to forget what they once appeared to know.
 

Naively, the authors state "it is clear from the discussion above that
 

economic policy can have at most transitory effects since in the long run
 

p.18 
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the 	economy's growth will always be 7X-l." This is surely true within 

their 	model. But in our alternative vision of the world, the most
 

important differences in LDC growth rates arise because different countries
 

close the technological gap at different rates.
 

p.21 	Increasing returns fit into our vision of the growth process. In this
 

case the attribution of growth using observed w and pj understates the
 

actual marginal productivity of factors. The difference between true
 

marginal productivity and w. would end up as a potentially measurable
 

[E(MPi-wi)AL. part of the residual, R'.
 

p.21 bottom Why rule out shifting technology when it is so clearly of the
 

essence of the process. Where would Singapore be without Lee Kwong Yew?
 

Where would Taiwan be without TC Liu and SC Tsiang? These are the people
 

that helped those countries get their act together, and modernize like mad.
 



--

- -- --------

May 1988
 

COMMENTS ON KING AND REBELO.
 

Stanley Fischer1
 

With a substantial body of work on the new growth theory in hand-

much of it in this volume--King and Rebelo aim to begin evaluating these
 

models by matching their predictions to the time-series and cross-sectional
 

growth experiences of a large number of countries. 
 In so doing they also
 

provide a useful exposition and classification of the new models.
 

1. The Stylized Facts.
 

Early papc-, 
in the new growth theory were motivated by
 

dissatisfaction over 
two results obtained in the Solow growth model and
 

Ramsey-style optimal growth formulations. 
 t, in the Solow model the
 

steady state growth rate is determined solely by population growth and
 

exogenous technical progress, and is invariant to policy and preferences.
 

Of course the level of output in these models and the speed of adjustment
 

towards the steady state are affected by policy and preferences. Second,
 

in the standard models, countries with identical technologies and tastes
 

should eventually converge to the same 
lvx'el of income. 
 This is a problem
 

because the appearance of convergence certainly does not jump out of the
 

data.
 

IThe World Bank, MIT, and NBER. These are comments on the paper
"Public Policy and Economic Growth: 
Developing Neoclassical
Implications" by Robert King and Sergio Rebelo, presented at the
First International Conference of the Institute for the Study of
Free Enterprise Systems, SUNY at Buffalo, May 27-29 1988.
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Models that do not exhibit these properties can be constructed by
 
assuming either increasing returns to scale, or that there are constant
 

returns to scale in reproducible factors of production (including human
 

capital).
 

King and Rebelo provide other observations that should be accounted
 
for by any theory of growth. 
These are mostly Kaldor's stylized facts: the
 

interest rate is constant; 
the share of labor is constant; the capital
 

output ratio is constant. In addition they show that growth rates in
 

sixteen industrialized countries in the last nentury have not been
 

decreasing--as they would be if countries were approaching a steady state
 

from below.
 

This paper, as man, others, uses individual economies as 
the units
 

of observation in studying theories developed for a closed economy. 
This is
 

not legitimate in a world with foreign trade. 
 With capital mobility and
 

costs of adjusting the capital stock, the real interest rate can be
 

equalized worldwide even though capital-output ratios may differ widely. 
It
 

is possible that evidence on different approaches to growth can be gleaned
 

from differences in regional growth performance within a given country.
 

Probably there are lessons 
to be learned from the experience of both Hawaii
 

and Puerto Rico as they came increasingly into the U.S. economy.
 

Some of the facts are indeed only stylized. For instance, Table 3
 
suggests that at least over very long periods interest rates have decreased.
 

Similarly, it is true that over long periods the share of labor in income
 

has been increasing: 
over the last few centuries the share of labor has
 

increased at the expense of rents; during this century the share of labor
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has been rising at the expense of capital. Further, there are not sixteen
 

independent observations showing that the growth rate of income has been
 

rising in the past century. The countries examined in Table 2 operate in
 

the same international environment in which growth is transmitted among
 

countries: what the data show is that the world economy grew more rapidly in
 

the 1950-1973 period than earlier. 
Of course, there is no question that
 

modern growth rates exceed those that must have prevailed in most of the
 

world in the past two centuries.
 

Tempting as 
it is to turn to the very long run of centuries and
 

millenia in discus. Ing growth, some discipline in the demands made on any
 

theory is needed. Questions about growth in pharaonic Egypt, classical
 

Greece or medieval Europe are fascinating, should be raised, and may well
 

throw light on the sources of growth. 
But even if those eras are ignored,
 

it would be a considerable achievement to explain a significant part of ihe
 

time series and cross-sectional growth experience of the 
last fifty "to one
 

hundred years. 
 This makes the Kaldor stylized facts more relevant than the
 

critical comments of the preceding paragraph and some comments made at the
 

conference suggest.
 

2. Properties of the Ramsey-Solow Model.
 

In addition to providing the facts, King and Rebelo simulate optimal
 

growth models to show that they are inconsistent with the facts. 
 The most
 

interesting aspect of these simulations (Table 5) is that the approach to
 

the steady state is very rapid for the baseline case. Before taking these
 

results at face value, we examine the results in Table 5. 
The most striking
 

facL is that capital accumulates at an extraordinary rate in the first few
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years of the program (except in the bottom row, where capital's share in
 

output is very high).
 

These extraordinary rates of capital accumulation probably imply
 
saving rates that have never been seen in practice. It is possible that
 
this feature if the results would disappear if rapid adjustment of the
 
capital stock were costly. 
 Such a result could be obtained using either a
 
two-sector model or an adjustment cost model. 
 In the two-sector model, the
 
relative price of capital would under the usual factor intensity assumption
 

be declining as capital accumulated--and this is a stylized fact that is
 

probably true.
 

If the transitional dynamics are very rapid, and if the standard
 
neoclassical models are our null hypothesis, then we should be close to the
 
steady state most of the time. 
 That appears to justify King and Rebelo's
 

concentration on the steady state properties of the models. 
 However, we
 

need not abandon the existing models 1intil it is shown that stochastic
 

versions of the Ramsey-Solow model v.;Lh technical change are inconsistent
 

with the facts. Furthermore such models are most of the time not at the
 
steady state, therefore most of the time policy mattfers for the growth rate
 
of.'outpdt. 
 An exercise of the Kydland-Prescott type that allows the growth
 

path to be driven by stochastic technical progress could show that
 

stochastic versions of the Ramsey-Solow model do quite well at explaining
 

the facts.
 

3. The New Models.
 

The new models surveyed by King and Rebelo in any case make a
 
contribution to formalizing-and understanding the growth process. 
The main
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emphasis in their exposition is on models that endogenize human capital
 

formation. 
There is no question this is an important part of the growth
 

process that should be included in serious models of growth. 
 Similarly the
 

increasing returns to scale assumption is worth pursuing.
 

How important are these extensions? 
 Denison has attempted to
 
quantify both contributions to growth. 
His estimates are that economies of
 

scale account for 0.36% of growth out of a total growth rate of U.S.
 

national income of 3.33% from 1929 to 1969; 
and education for 0.41% of
 

growth2 .
 Thus between them the extensions to increasing returns and human
 

capital formation address factors that by Denison's estimates account for
 

nearly one quarter of annual growth. 
No doubt the Denison estimates are
 

highly imperfect, but they do suggest that the King-Rebelo paper addresses
 

important sources of growth.
 

4. The Missing Factor: Technology.
 

Perhaps Solow in his theoretical and empirical work laid too much
 

stress on technology. 
But it is strange that King and Rebelo attempt in
 

this paper to confront the facts about growth without explicitly
 

incorporating technological progress. 
From discussion of the paper at the
 

conference, it appears that the authors regard the model of the accumulation
 

of human capital as representing the accumulation of knowledge. 
 It is hard
 

to see why. 
In his paper for this conference, Paul Romer successfully
 

distinguishes the two concepts. 
 This is the more promising route to take.
 

2 Edward F. Denison, Accounting for United States Economic Growth 1929-1969.
Washington, DC: 
Brookings Institution, p127.
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Why? 
 Because it is impossible to believe that technological
 

progress is not the major source of the long-term growth in per capita
 

income. 
Whether one looks at the long-run perspective, seeing modern growth
 

beginning with industrialization and the ability of agriculture 
to support
 

ever-increasing urban populations, or 
at the short-run, where Schumpeterian
 

bursts of development consequent on the diffusion and development of new
 

technologies can be 
seen to drive growth, it is difficult not to place
 

technology near the center of the growth process. 
No doubt it would be
 

desirable to endogenize technical progress, but that is different from
 

leaving it out, as this version of the paper appears to.
 

In considering the role of technology in growth, it is necssary to
 

emphasize the differences in growth rates 
that can be obtained by advancing
 

rapidly towards the world's technological frontier, and those 
that can be
 

obtained by pushing out the existing frontier. All the miracle growers of
 

the post-World War II period-.'*izil, Germany, Japan, Israel, Korea and
 

others--grew rapidly from well within the frontier. 
 Even Japan is now
 

growing at only half the rate of two decades ago.
 

5. The Real World.
 

Here are a few observations about growth from the perspective of the
 

World Bank. First, it does seem to be 
true that outward-oriented economies
 

do well--among the examples 
are Korea, Taiwan, Thailand, Singapore, Chile.
 

Researchers have not yet looked carefully enough for countries that were
 

outwards oriented and grew slowly, and for countries that were inwards
 

oriented and grew fast.
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Second, 	we now unfortunately have in the 
case of Africa many
 
countries that have suffered negative growth over prolonged periods. 
The
 
evidence from these countries may be very useful in evaluating growth
 

theories.
 

Third, the data 
are probably very weak. 
This is not only for the
 
conceptual reasons discussed and corrected by Heston, Summers et al. 
 There
 
are also simple measurement problems, which suggest to close observers that
 

the data may be very far off their true values.
 

6. 	Summary.
 

Where do the new theories take us? 
 We used to believe that we could
 
explain about one half of the time series variance in growth in the U.S.
 

Perhaps after incorporating the elements emphasized by the new theory, we
 
will get up to two-thirds of the variance. 
Whether the new theories will do
 
very much to explain the cross-sectional variance in growth rates remains 
to
 
be seen. 
No doubt factors that are difficult to evaluate and measure--such
 

as 
social capital, the organization of government, honesty, the public and
 
private 	institutional structure--play a major role in accounting for cross

sectional differences in growth rates.
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1. Introduction 

The purpose of this paper is to evaluate the impact of the Tax Reform Act of 1986 on 

U.S. economic growth. We also analyze the potential impact of proposals for tax reform that 

figured prominently in the debate leading up to the the 1986 tax reform. We consider propo
sals advanced by the Department of the Treasury and by President Ronald Reagan in detail, 

since these proposals were instrumental in shaping the final legislation.1 Second, we assess 

the potential impact of a number of hypothetical tax reform proposals that embody notions of 

neutrality in the treatment of different kinds of income. The results of this analysis are useful 

in suggesting fruitful directions for future tax reform. 

Harberger (1962, 1966) has argued that the U.S. tax system leads to a loss in efficiency in 

the allocation of resources, since it fails to impose a uniform tax rate on the capital used in 

competing economic activities. There have been wide gaps between the rates of return on 
investment before and after taxes for assets inemployed in different sectors and among assets 

in different durability categories. However, the argument that the efficiency of capital alloca
tion requires a uniform tax rate holds only under the restrictive assumption that the allocation 

of capital is separable from the allocation of other resources in production and consumption. 

In a more general setting, the uniformity of tax treatment of different kinds of income from 

capital is neither necessary nor sufficient for efficient resource allocation. 2 

Thc Tax Reform Act of 1986 was enacted into law on October 22, 1986 and took effect on January I,1l87. Th' Treasury proposal was presented in November 1984 and the Pre5ident's proposal in May 1985.
A detailed descnption of the Tax Reform Act of 1986 is given by the joint Committee on Taxation (1986).The economic impact of the 1986 tax reform has been analyzed by the Office of Tax Analysis of the U.S.li-piItment of the Ireasury (1987) and in the symposium edited by Henry Aaron (1987).7 For example, in Section 4 below we find that the equalization of tax rates on corporate andnoncorpN.)rale capital consideied by flarberger (1966) actually reduces efficiency. However, we show that;';,mmtrical tax treatment of income from business and household assets is a very promising avenue for 
tax reform. 
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Harberger's analysis of the irpact of tax policy on the efficiency of capital allocation is 

limited to the allocation of a given capital stock.3 However, saving behavior may be affected 

by changes in tax policy, so that the capital stock mu3t be determined endogenously in order 

to assess the economic impact of tax reform. 4 In addition, the notion of efficiency in the allo

cation of resources must be extended to encompass intertemporal allocations. The absence of 

tax distortions in the intertemporal allocation of resources requires that income from capital 

should not be taxed at all. A possible approach to eliminating taxes on capital income is to 

replace corporate and individual income taxes on capital with taxes on labor income. An 

alternativ'e approach is to replace income taxes by a tax on consumption expenditures. 5 

The argument for eliminating capital income taxes ignores the fact that distortions in 

resource allocation resulting from these taxes must be replaced by other tax induced distor

tions. For example, labor income accounts for roughly sixty percent of U.S. private national 

income and a very substantial proportion of U.S. tax revenues. The taxation of labor income 

has received much less attention than the taxation oi capital income. However, it is well esta

blished Ihat, even though ihe price elasticity of Jabor supply is very low, there is a substantial 

substitution etfect that is similar in magnitude but opposite in sign to the income effect of a 

change in thQ wage rate. 6 1t is the subvituition effect, not the total price effect, that is relevant 

to the impact of a tax on labor income on economic efficiency. The taxation of labor income 

has important implications for economic efficiency through its effects on the choice between 

labor and leisure. 

3 1larberger's general equilibrium approach to the analysis of tax policy has been greatly furtherdeveloe d by Ballard, Fullerton, Shoven, and Whalley (1985). The economic impact of the Tax Reform Actof '986 ha,,been analya',. using an cdenson oI lhis mode! 1by Fullerton, Henderson, and Mackie (1987).A recent sun ey of the literature on applied general equilibrium models for tax policy analys.;3 is pruvided
by WhalleV (1988). 
4 The literature on the effect of taxahon on saving is reviewed by Sandmo (1985) and Summers (19P.The impact of the Tax Reform Act of 1986 on saving behavior is analyzed by Hausman and Poterba (1987).
%I'rop)sak fur implementation of a consumption tax in the United States are discussed by the U.S.lhepartment i lthe Tica u i (1977), Hall and Rabushka (1983), and Bradford (1986). Arguments against acon;ulnphon tax are prC r-' d by the U.S. Department of the Treasury (1984), Vol. 3. 
1 The elamticity of supply and its implications for tax policy Aie discussed by Hausman (1981,198;) The impact o :,,tTax Reform Act of 1986 on labor supply is analyzCd by Hausman and Poterba 

(1987). 

-' 
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Major tax legislation like the Tax Reform Act of 1986 can produce s.bstantial alterations 

in the rate of accumulation of capital and the allocation of capital aronng sectors and different 

types of assets. An assessment of the impact of tax reform depends no! only on the changes 

in tax policy but also on the elasticities of substitution along all the relevant margins. The 

interlemporal margin, involving the allocation of resources between present and future con

sumption, is essential to the evaluation of the consequences of a tax reform involving changes 

in the the treatment of income from capital. We conclude that a fully dynamic model of the 

economy is required for measuring the impact of the tax reform on economic welfare. 

In order to t.'valuate thc economic impact of alternative tax reform proposals -- the 

Treasury proposal, the President's proposal, and the Tax Reforrr Act of 1,36 -- we employ a 

dynamic general equilibrium mode!. This model provides a highly schematic ,epresentation 

of the U.S. economy. A single representative producer employs capital .rid labor services to 

produce outputs of consumption and investment goods. We have simplified the representa

tion of technology by introducing a single stock of capital a! each point of time. This capital 

is perfectly malleable and is allocated so as to equalize after tax rates of returrn to equity in the 

corporate, noncorpO.rate, and household sectors. 

Our model also incorporates a representative consumer that supplies labor services, 

demands consumption gocas, and makes choices between consumption and saving, This 

model of consumer behavior is based on in intertemporally additive utility function that 

depend, on levels of full consumption in all time periods. Full consumption is an aggregate 

of consumption goods, household capital servic-s, and leisure. '1osimplify the representation 

of nreferences we endow the representative consumer with an infinite lifetime and perfect 

foresight about future prices. We have fitt2d econometric models of producer and consumer 

behavior to data for the U.S. economy covering the period 1947-1986. 7 

7 SOlrgen;on and Yun (1986a) for a discussion of the model and Jorgenson and Yun (1986b) f:r anapplication to earlier changes in tax policy. The results presented in these papers ere baed onecnomc't-iC models fitted to data covering the period 195.5-1980. An alternative approach to dynamicgeneral equilibrium modeling of U.S. t.x policy is presented by Au-rbach and Kotlikoff (1987). 
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In our model the equilibrium of the U.S. economy is chai'actenzed by an intertemporal 

price system that clears the markets for all four commodity groups included In the model -

labor and capital services and consumption and investment goods. Equilibrium at each point 

of time links the past and the future through markets for investment goods and capital ser

vices. Assets are accumulated as a result of past investments, while the price of an asset 

must be equal to the present value of future capital services. The time path of consumption 

must satisfy the conditions for intertemporal optimality of the household sector under perfect 

f-Presight.8 Similarly, the time path of investment must satisfy requirements for the accumula

tion of assets by both business and household sectors. 

The government sector of the U.S. economy raises revenues through taxes on income 

from capital and labor services. Corporate capital income is taxed at both corporate and indi

vidual levels, noncorporate capital income is taxed only at the individual level, and household 

capital income is not subject to income taxation. in addition, the government sector imposes 

sales taxes on the production of consumption and investment goods and property taxes on 

aqets held by the business and household sectors. Taxes insert wedges between demand 

and supply prices for investment and consumption goods arid for capital and labor services. 

These tax wedges distort private decisions and lead to losses in efficiency. 

In order to evaluate alternative tax policies, we first consider the intertemporal equili

brium associated with each policy. Under perfect foresight there is a unique transition path 

to balanced growth equilibrium corresponding to any tax policy and any initial level of capital. 

The growth path of the U.S. economy consists of a plan for consumption of goods and leisure 

at ever), point of time by the representative consumer and a plan for production of investment 

and consumption goods from capital and labor services at every point of time by the represen

tative producer. These plans are brought into consistency by the intertemporal price system. 

Associated with each tax policy and the corresponding intertemporal equilibrium is a 

N I''riect foresight models of tax inciaence have been presented by Hall (1971), Chamley (1981),
(199M7), and many others. 

Judd 
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level of welfare for the representative consumer. This level of welfare can be interpreted as a 

measure of economic efficiency corresponding to the potential level of welfare for society as a 

whole. The actual level of welfare also depends on the distribution of welfare among con

suming units. To evaluate changes in tax policy in terms of efficiency we translate changes in 
potential welfare into an equivalent change in private national wealth. We first consider the 

time path of the price of full consumption associated with current tax policy. We then evalu

ate the difference in wealth required to attain levels of potential welfare before and after the 

change in tax policy at prices prevailing before the policy change. 

The plan of this paper is as follows. In Section 2, we summarize the 1986 tax reform, 

the Treasury proposal, and the President's proposal in terms of changes in tax rates, the treat

ment of deductions from income for tax purposes, the availability of tax credits, and provi

sions for indexin- taxable income for inflation. In Section 3, we analyze the tax burdens on 

capital income under four alternative tax policy regimes: the tax law in effect prior to the 1986 

tax reform, the Treasury proposal, the President's proposal and the Tax Reform Act of 1986. 
We utilize the concept of an effective tax rate, which summarizes the statutory tax rates and
 

the provisions of a given tax law that affect the definition of taxable income. 
 W-., lso employ 

the notion of a tax wedge, defined in terms of differences in tax burdens imposed on different 

types of income. 

In Section 4 of the paper we analyze the impact of each of the alternative tax policies on 

U.S. economic growth. We evaluate the effects of changes in tax policy on economic effi

ciency by measuring the corresponding changes in potential economic welfare. The reference 

level ot welfare, which serves as the basis of comparison among alternative tax policies, is the 

level attainable by the U.S. economy under the tax law in effect prior to the 1986 tax reform. 

We also analyze the losses in efficiency associated with tax wedges between different kinds of 

capital income. These tax wedges are the consequences of the corporate and personal income 

taxes, property taxes, and sales taxes on investment goods. 

Section 5 provides a summary of the paper and presents our main conclusions. Our con
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clusions are, first, that much of the potential gain in welfare from the 1986 tax reform was dis

sipated through failure to index the income tax base for inflation. At rates of inflation near 

zero the loss is not substantial. However, at moderate rates of inflation like those prevailing 

for the past decade, the loss is highly significant. Second, the greatest welfare gaIns would 

have resulted from integrating the income from household assets into the tax base while 

reducing the tax rates on capital income in the business sector. This approach to tax policy 

played a minor role in the debates leading up to the Tax Reform Act of 1986. Third, the 

potential welfare gains from an income based tax system, reconstructed along these lines, 

would have exceeded those from a consumption based tax system. 
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2. 	 The 1986 Tax Reform
 

When the Reagan Administration took office in 1981, there was widespread concern
 

about the slowdown in U.S. economic growth. Federal tax policy was viewed by the new
 

Administration as a major bafrier to improved economic performance. Tax reform proposals 

by the Administration received overwhelming support from the Congress with the enactment 

of tile Economic Recovery Tax Act (ERTA) of 1981. 9 The 1981 Tax Act combined sizable 

enhancements in investment incentives with substantial reductions in statutory tax rates for 

individuals and corporations. 

The 1981 Tax Act introduced multi-year cuts in statutory tax rates at both individual and 

corporate levels with the aim of improving incentives "to work, save, and invest, consistent 

with the goal of eliminating the Federal budget deficit by 1984. '10 Prior to the 1981 Tax Act 

statutory tax rates under the individual income tax ranged from 14 to 70 percent of taxable 

income over fourteen tax brackets. However, important categories of income were excluded 

from 	the tax base. For example, only 40 percent of capital gains were included in income for 

tax purposes, so that the top rate for capital gains taxation was only 28 percent. There were 

four statutory tax brackets for corporate income with a rop rate of 46 percent. 

The 1981 Tax Act cut the statutory tax rates for individuals by 23 percent over the years 

1982-8 -- 10 percent in 1982, another 10 percent in 1983, and a final five percent in 1984.11 

As a consequence of the multi-year reductions in statutory tax rates, the range of marginal tax 

rates for individuals was narrowed from 14-70 percent of taxable income to 11-50 percent. 

The 1981 Act also reduced corporate tax rates for the lowest two income brackets from 17 to 

15 percent and from 20 to 18 percent over the years 1982-83. 

Wve hov'e analyzed the impact of the 1981 Tax Act on U.S. economic growth in a previous paper. See 
Jorgenrnn and Yun (1986b), esp. pp. 365-370. 

JointiCOnmmittee on Taxation (1981). 
The total tax cut was 0.1 + (0.1)(1.0-0.1) + (0.05)[1-(0.1)(1-0.1)j = 0.23. 



2.1. 	 The 1986 Tax Law
 

In describing the key features of the Tax Reform Act of 1985, 
we find It useful to begin 

with a description of the pre-existive tax law in oider to provide a basis for comparison. We 

refer to this law as the Tax Law of 1986, since it remained in force until the end of calendar 

1986. To proviae additional perspective on the objectives of the 1986 tax reform, we also 

characterize two alternative tax reform proposals presented by the Department of the 

Treasury and the President. We summarize the statutory tax rates under the 1986 Tax Law, 

the Treasury and Presiden-it's proposals, and the 1986 Tax Act in Table 1. We summarize the 

(Table I goes about here) 

definition of income for tax purposes in Table 2. 

(Table 2 goes ac. re) 

The first column in Table I gives average marginal tax rates for different types of income 

tinder the 1986 Tax Law for zero, six, and 10 perceni annual inflation razes. The tax rate on 

each type of income is a weightrd average of marginal tax rates paid by taxpayers in all
 

income tax brackets. 
 Average tax rates on different types of income reflect differences in the 

distribution of each type of income over the tax brackets. We present rates for income in the 

form of dividends and other distributions on corporate and noncorporate equity, for capital 

gains accruing on corporate and noncorporate equity, and for interest on corporate, noncor

pol'ate, household, and government debt.12
 

We also give the average marginal tax rate on labor income, the average marginal tax 

rate on income uinder the corporate income tax, and the average tax rate under the individual 

income tax. All tax rz:.ws include taxes levied at both Federal and state and local levels and 

take into account the deductibility of stateand local taxes at the Federal level. In projecting 

U.S. economic growth under the 1986 Tax Law we take the average marginal tax rates on each 

type of income and the average individual income tax rate as fixed. Tax 	revenues received by 

12Thvse tax rates are based on deta i d simulations of the Office of Tax Analysis Individual Income TaxModel presented by Cilke and Wyscarvc: (1987). 
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the government are generated by applying these tax rates to streams of income generated 

endogenously within our model of U.S. economic growth. 

Prior to the 1981 Tax Act, the time period for capital cost recovery was based on the 

"useful life" of an asset. Under the 1981 Tax Act useful lifetimes were replaced by a highly 

simplified system of "tax lifetimes". The purpose of the new system was to reduce the burden 

of taxation ,n income from capital with the aim of promoting a higher Aevel of capital forma

tion. Tax lifetimes were considerably shorter than the corresponding useful lives and resulted 

in more rapid recovery of capital costs. Investment outlays on producers' durable equipment 

could be recovered over a five year tax lifetime. A three year lifetime was applied to automo

biles, light trucks, 3pecial tools, ar.J property used in connection with research and experi

mentation. Lifeimnes of 10 and 15 years were employed for public utility property. Strutures 

were also assigned a tax lifetime of 15 years. 

The 1981 Tax Act provided three statutory schedules for capital consumption allowances 

for each category of investment expenditures on producers' durables: the first for property 

placed in service during the years 1981-84, the second for property placed in service in 1985, 

and the third for property placed in service after 1985. These three schedules provided for a 

gradual increase in the rates at which capital costs could be recovered. For structures the 1981 

Tax Act provided a single schedule for capital cost recovery. 

Prior to the 1981 Tax Act, a 10 percent investment tax credit was allowed for assets with 

a useful life of seven years or more. Two-thirds of the regular credit was allowed for assets 

with a useful life of five to six years and one-third of the credit for assets with a useful life of 

three to four years. The 1981 Tax Act made the investment tax credit more generous by 

allowing the 10 percent credit for assets with five-year, 10-year, 15-year tax lifetimes. The tax 

credit was applied to tangible property included in buildings such as elevators, but the struc

tural components of buildings were excluded. The 1981 Tax Act permitted 60 percent of the 

regular credit for assets with a tax lifetime of three years. In addition to shortening capital 

recovery pericds and liberalizing the investment tax credit, the 1981 Tax Act reduced the bur
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den of taxation on capital by lowering individual income tax rates and introducing so-called 

"safe harbor" leasing rules. 

The 1981 Tax Act involved tax reductions across the board and created the prospect of 

rising Federal deficits. Only one year after the 1981 Tax Act the Congress passed the Tax 

Equity ar.d Fiscal Responsibility Act of 1982 (TEFRA), which repealed the provisions of the 

1981 Act for phasing in a m,-re accelerated cost recovery system for property placed in service 

in 1985 and after. In addition, the 1982 Tax Act reduced the capital cost to be amortized over 

the tax lifetime of the asset by 50 percent of the investment tax credit. After P transitional 

period, the 1982 Tax Act repealed the safe harbor leasing provisions on January 1, 1984. In 

Table 3 we present economic depreciation rates for each of fifty-one classes 

(Table 3 goes about here)
 

of assets distinguished in the U.S. national income and product accounts. 
 We also give statu

tory rates of the investment tax credit and tax lifetimes under 1986 Tax Law, the Treasury and 

President's proposals, and the Tax Reform Act of 1986.13 In Panel 1 of Table 4 we present 

avvrage rates ol the investment tax 

(Table 4 goes about here) 

credit and the present values of capital consumption allowances for short-lived and long-lived 

business assets under the 1986 Tax Law, prior to the enactment of the Tax Reform Act of 

1986. Short-lived assets include all types of producers' durable equipment employed in the 

business sector. Long-lived assets include residential and nonresidential structures, land, and 

inventories. 

2.2. The Treasury Proposal 

The tax reforms of the earl), 1980's substantially reduced the burden of taxation on capi

tal income. However, these reforms also introduced important non-neutralities in the taxa

13 ihe statutory rates of the investment tax credit and the tax Ulctimes are based on the estimates of 
I-ullvttr n, Gillette, and Mackie (1987). 
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tion of income from different sources. Differences in the tax treatment of different types of 

assets gave rise to concerns in Congress about the fairness of the tax system and the impact 

of tax induced distortions on the efficiency of cc'pital allocation. In th? State of the Union 

Address in January 1984 President Reagan announced that he had requested a plan for further 

tax reform from the Department of the Treasury. 

In November 1984 the Treasury Department presented a tax reform plan thit becom. . 

known a-; the Treasury proposal. A.principal objective of the Treasury plan was to reduce 

statutory tax rates at both individual and corporate levels. However, the Treasury plan was 

intended to be "revenue neutral," so as to produce the same revenue as the existing tax sys

tem. 14 Lower statutory tax rates were to be offset by eliminating a wide range of tax prefer

ences, greatly broadening the tax base. In addilicrn, the plan had the objective of introducing 

greater neutrality in the tax treatment of different types of assets. The Treasury proposed to 

offset the decreased progressivity of the rate structure by curtailing tax preferences heavily 

used by high incomre taxpayers and reducing the tax burden for low income earners through 

increased personal exemptions and zero bracket amounts for household heads. 

Under the 1986 Tax Law the rate structure for the individual income tax consisted of 

fourteen separate tax brackets with statutory :ax rates ranging from 11-50 percent of taxable 

income. Corporate income was taxed under a graduated rate structure with a top rate of 46 

percent. The Treasury plan proposed to replace the fourteen individual income tax brackets 

with three broader brackets. Individual income was to be taxed at statutory rates of 15, 25 

and 35 percent. The reduction of statutory income tax rates was expected to lower the aver

age marginal tax rate of individuals by 20 percent and the average individual tax rate by 8.5 

percent. 

Table I shows the effects of the Treasury plan on average marginal tax rates. Under the 

S.e U.S. Department of the Treasury (1984). The Treasury plan and its relationship to the Tax 
INe'trm Act of 10t, are discussed in detail by McLure and Zodrow (1987). McLure and Zodrow note that 
the definition of revenue neutrality did not take into account changes in the tax base. In the simulations of 
U.S, economic growth presented below we consider the impact of these changes on government revenues. 
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central assumption of six percent inflation the average marginal tax rate on income from 

equity was to be reduced by 11.6 percent - from 25.59 to 22.61 percent -and the correspond

ing average marginal tax rate on interest from corporate bonds was to be reduced by 16.1 per

cent -- from 17.30 to 14.52 percent. Finally, the average marginal tax rate on labor income 

was to be reduced by 15.3 percent - from 29.67 to 25.12 percent. Given the constraint that 

the tax reform proposed by the Treasury was to be revenue neutral, reductions in average 

marginal tax rates were to be offset by broadening the definition of taxable income at both 

individual and corporate levels. 

Broadening of the income tax base under the Treasury proposal would have been 

achieved by wholesale elimination of tax preferences for individuals and corporations. For 

example, the deduction for state and local income taxes would have been repealed and other 

state and local taxes would have been deductible only to the extent that the),were incurred in 

income generating activity. Property taxes on owner-occupied residential teal estate would 

not have been deductible. Other proposed changes included the taxation of unemployment 

compensation, curtailment of the tax deductions for mortgage and other personal interest 

expenses, elimination of accelerated capital cost recovery, abolition of the investment tax 

credit, taxation of interest on private purpose municipal bonds, accrual basis taxation of earn

ing. on life insurance policies, recovery of intangible drilling costs in the production of 

troleum and natural gas through amortization rather than immediate expensing, and man), 

,lhiers. 

The Treasury proposal included extensive provisions for indexing income and deduc

tionc. from income f'- tax purposes for inflation. This proposal would have retained the 

indexing of tax brackets, personal exemptions, and zero bracket amounts from the 1981 Tax 

Act for to prevent the upward creep of tax brackets as a consequence of inflation. In addition, 

the proposal would hav.e indexed .gapital gains, interest expenses, interest income, FIFO 

inventory accounting, and capital cost recove,-,. 15 Prior to the tax reform of 1986, a 60 percent 

I'Deduction of mortgage and other personal interest would not have been indexed under the Treasury
propoal. Indexing of interest income and interest expenses would have been based on the assumptions 
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exclusion of net capital gains was allowed as an adjustment of realized capital gains for infla

tion during the holding period of an asset. With the indexing of capital gains the 60 percent 

exclusion could no longer be justified as an adjustment for inflation and would have been 

eliminated under the Treasury, proposal. 

In order to provide relief from multiple taxation of dividend income, the 7reasury propo

sal would have allowed a 50 percent deduction of dividends from corporate income, as 

defined for tax purposes. In addition, the proposal would have completely eliminated multi

ple taxation for intercorporate dividends by excluding 50 percent of dividends received by cor

porations from taxable income. Cn the average about 40-50 percent of after tax corporate pro

fits are distributed to the shareholders in the form of dividends, so that these provisions 

o'ould have significantly reduced the tax burden on corporate equity'. Column 2 of Table 2
 

summarizes the key provisions of the Treasury proposal.
 

Utilization of the economic concept of income as the base for income taxation requires
 

that cap')ital cost recovery must coincide with economic depreciation. To achieve this objective 

the Trelsur) proposal would have dassified producers' durable equipment into five-, eight-, 

12-, 17-, and 25-year property and structures into two categories with tax lives of 38 and 63 

%,ears. The corresponding annual rates of depreciation were 0.32, 0.24, 0.18, 0.12, and 0.8 for 

producers' durables and 0.05 and 0.03 for structures, respectively. In addition, the Treasury 

proposal would have indexed capital cost recovery, for inflation. Panels I and 2 of Table 4 

show that capital cost recovery under the Treasury proposal would have been more favorable 

than tinder the 1986 Tax Law for both short-lived and long-lived assets at a high rate of infla

tion; the reverse is true at a low rate of inflation. 16 

that the real interest rate is constant at six percent per year and that inflation raises the rate of inflationp'xint for point. To the extent that the actual real rate oi interest deviates from six percent, the indexing
would have been incomplete.

I" In thikcalculatio~n, we have assumed that inflation rate increases the nominal interest rate point for 
p,int. Thus, the after tax real interest rate would have declined with inflation and the present value ofcapital cun,,umption allowances would have increased with inflation under the Treasury proposal. 
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2.3. The President's Proposal 

The Treasury tax reform plan resulted in a great public outcry, especially among tax

payers would would have been adversely affected by the elimination of tax preferences. How

ever, the rate reductions in the proposal attracted widespread approval and considerable pub

lic support. The Reagan Administration did not endorse the Treasury plan, but set the 

Treasury staff to work on a revised proposal, duly delivered in May 1985.17 The second 

Treasury tax reform plan was endorsed by the Administration and become known as the 

President's proposal. Not surprisingly, this proposal combined substantial reduction in tax 

rates at both individual and corporate levels with base broadening through the elimination of 

tax preferences. 

The President's proposal would have followed the Treasury proposai by taxing indivi

dual income in only three tax brackets with statutory rates of 15, 25, and 35 percent. The 

President's proposal would also have raised personal exemptions and zero bracket amounts in 

order to compensate low income taxpayers for the loss in progressivity of the tax structure. 

The President's proposal would have maintained the favorable treatment of long term capital 

gains under the "986 Tax Law, but would have reduced the proportion of capita) gains 

excluded from income from 60 to 50 percent. In addition, beginning in 1991 taxpayers would 

have had the option of electing exclusion of 50 percent of capital gains from income for tax 

purposes or 100 percent inclusion of capital gains with complete indexing. 

Under the President's proposal the corporate tax rate would have been graduated up to 

a top rate of 33 percent and corporate capital gains would have been taxed at a lower rate of 

28 percent, as under the 1986 Tax Law. Table I shows the impact of the proposal on average 

marginal tax rates. These changes would have lowered the average marginal tax rates at the 

individual level by 19 percent and the average individual tax rate by seven percent. We find 

that average marginal tax rates under the Treasury and President's proposals are similar, 

17 See U.S. Department of the Treasury (1985). The provisions of the Treasury proposal, the President's 
prro,,)al, and Ihc 1986 Tax Law are compared in Chart 18, pp. 26-30. 
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except that the tax rates on interest and labor income would have been slightly higher under 

the President's proposal.18 

Like the Tr2asury proposal, the President's proposal was intended to produce the same 

tax revenue as the 1986 Tax Law. In order to offset the sharply lower statutory tax rates, the 

tax base would have been broadened by curtailing or eliminating tax preferences at both indi

vidual and corporate levels. In addition, many preferences favoring high income taxpayers 

would have been limited or abolished on grounds of fairness. Important changes in the list of 

tax preferences would have included the repeal of the investment tax credit, repeal of the 

deductibility of state and local income taxes, and accrual based taxation of earnings on life 

insurance policies. 

Unlike the Treasury proposal, however, the President's proposal would not have 

indexed interest income and expenses. When combined with the option of indexing capital 

;,ains, this feature of the proposal would have reduced the cost of capital for projects with 

debt financing. Another implication of the deduction of nominal interest expenses is 

apparent in Panel 3 of "able 4; the present value of capital consumption allowances for short

lived assets is slightly greater than unity when inflation is six or 10 percent per year. Under 

our assumption that an increase in the rate of inflation would result in a point for point 

increa'e in the nominal rate of interest the after tax real interest rate becomes negative above 

a certain inflation rate. 19 The present value for long-lived assets in Panel 3 of Table 4 is 

smaller than unity only because our category of long-lived assets includes land and inven

tories as well as depreciable assets. 

In order to alleviate multiple taxation of income from corporate equity, the President's 

proposal would have allowed a deduction of 10 percent of dividends paid from corporate 

ItIn Table I we assume that the taxpayers would elect to be taxed on real capital gains when inflation
is zero and 50 percent of nominal capital gains when inflation .s six or 10 percent. 

I"The after tax real interest rate is (I-TQ )(io + Tr)- iT, where it) is the real interest rate, 'Tris the 
rate of inflation, and TQ is the corporate tax rate. The after tax reai interest rate is negative for an inflation 
rate above 0 

TQ 

http:proposal.18
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income. Double taxation of intercorporate dividends would have been eliminated by exclud

ing 90 percent of dividends received by corporations from taxable income. The President's 

proposal would have had the same effect as the Treasury proposal on the double taxation of 

intercorporate dividends, but would have had less impact on double taxation at corporate and 

individual levels. Column 3 of Table 2 summarizes the specific provisions of the President's 

proposal pertaining to taxation of income from capital. 

The President's proposal would have replaced the Accelerated Cost Recovery 

System(ACRS) of the 1981 Tax Law with a new Capital Cost Recovery System (CCRS). An 

important difference from the Treasury propusal is that CCRS would have permitted 

accelerated capital cost recovery in order to provide systematic incentives for investment that 

are neutral across asset classes. Producers' durable equipment would have been classified into 

four-, five-, six-, seven-, and 10-year capital cost recovery classes. Structures would have 

been assigned to a 28-year class. Second, capital cost recovery under CCRS iijuld have been 

indexed against inflation. This is one of the most important ideas carried over from the 

Treasury proposa. 

2.4. The Tax Reform Act of 1986 

The lengthy debate over tax reform was brought to a conclusion on October 22, 1986, by 

enactment of the Tax Reform Act of 1986. The main provisions of the new tax law took effect 

on January 1, 1987.20 The 1986 Tax Act preserved many features of the Treasury and 

President's proposals. The final legislationresulted in sharply lower tax rates for both indivi

duals and corporatons. The highest statutory tax rate for individuals was lowered fvizu 50 to 

28 percent. 21 The corresponding rate for corporations was lowered from 46 to 34 percent. The 

substantial reductions in tax rates were offset by sharp cutbacks in tax preferences for both 

The Tax Reform Act of 1986 is described by the Joint Committee on Taxation (1986). The economic 
impact Of the 1986 tax reform is discussed in detail by Musgrave (1987) and I'echman (1987). 

21 Due to the phase-out of the 15 percent tax bracket and the personal and dependents' exemptions for 
high income taxpayers, the top marginal rate is as high as 33 percent for certain ranges of taxable income. 
Slahltory lax rates under the 1986 Tax Act were higher for the transitional year 1987. 

http:percent.21
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individuals and corporations. 

Table I shows that the tax reform reduced average marginal tax rates on various types of 
income in approximately the same proportion as the Treasury and President's proposals. For 
example, if the annual rate of inflation is assumed to be six percent, the average marginal tax 
rate on individual income from equity is reduced by 20.6 percent - from 25.59 t) 20.33 - and 
the average marginal tax rate on interest incr . from corporaie debt is reduced by 17.1 per
cent -- from 17.30 to 14.34 percent. The. reduction in the corpoiate income tax rate by 24.3 
percent -- from 50.84 to 38.47 percent -- is even more dramatic. By contrast the average mar
ginal tax rate on labor income is reduced by only 15.2 .)ercent -- from 29.67 to 25.17 percent. 

The magnitude of the 1986 reductions in statutory tax rates for individuals and corpora
tions is very large. It is not surprising that the base for income taxation at both individual 
and corpore.te leveis had to be broadened very substantially in order to achieve revenue neu
trality'. Under the 1986 Tax Law individuals, estates, and trusts were eligible for a 60 percent 
exclusion of realized net capital gains from taxable income. Corporations were taxed on capi
tal gains at a rate of 28 percent, which was lower than the statutory corporate tax rate. Under 
the Tax Reform Act of 1986, the 60 percent exclusion of capital gains from taxable income at 
the individual level was repealed and all corporate capital gains, whether long term or short 

term, are taxed at the statutory corporate tax rate. 

In spite of the reduction in the individual income tax rates, the accrual based average 
marginal tax rate on capital gains increased from 3.03 percent under the 1986 Tax Law to 5.62 
percent under the Tax Reform Act of 1986. The Tax Reform Act did not include a provision 
for excluding dividend payments from corporate income. In addition, the deductibility of 
dividends received by corporations was reduced from 85 to 80 percent. This change mainly 
affects the tax burden on corporate equity owned through life insurance and other insurance 

companies: and has little impact on the overall tax bu'-den on corporate equity. 

The Ta. Reform Act of 1986 also repealed the 10 percent investment tax credit for pr
perty placed in service after December 31, 1985. Since this tax credit was applicable mainly to 

http:corpore.te
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investments in short-lived business assets, It had been a major source of non-neutralities in 

the taxation of income from different types of assets. Table 4 shows the difit -ential impact of 

the investment tax credit on the cost of capital for short-lived and long-lived assets in the cor

porate and noncorporate sectors. Under the 1986 Tax Law the average rate of the investment 

tax credit in the corporate sector was 9.44 percent for short-lived assets and 4.26 percent for 

long-lived assets. 22 The repeal of the investment tax credit has substantially reduced differ

ences in the tax treatment of assets of different types. 

Compared with the 1986 Tax Law, the Tax Reform Act of 1986 spreads capital cost 

recovery over longer periods of time. The 1986 Act retain the three-year class, but automo

biles, light duty trucks, and property used in connection with research and experimentation 

were moved to the five-year class. In addition, the 1986 Act provides for seven-, 10-, 15-, and 

20-year capital cost recovery classes for equipment. Structures are classified into residential 

rental property and nonresidential property with tax lives of 27.5 years and 31.5 years, respec

tively. 

7 able 4 shows that the Tax Reform Act of 1986 increased the present value of capital 

.umption allowances for short-lived corporate assets at low or moderate rates of inflation 

and reduced the present value for high rates of inflation. This refJects the repeal of invest

ment tax credit, since the basis of capital cost recover), was reduced by 50 percent of the 

ir.fi tment tax credit under the 1986 Tax Law. 2 3 Capital cost recovery was made less rapid for 

producers' durable equipment, primarily through longer tax lifetimes. For structures the 

adoption of longer tax lives works in the same direction, reducing the present value of capital 

22 If capital cost ircove" r' 6cncdes with ec-wiOmic depreciation, equality of effective tax rates requires
that the investment tax credit must be larger for long-lived assets than short-lived assets, since short-lived 
asset, can take the credit more frequently than long-lived assets. 

71 If we adjust the present value of carital consumption allo, ances by increasing the basis for capital
ens! recovr)' to Il) percent, we find that the tax reform reduced the present value of capital cost 
recover-y fir shorl-lived assets. In order to adjust capital con3umptiori allowances under the 1986 Tax Law 
fir the effect of the provision reducing the basis of capital cost recovery by %0percent of the investment 
lawkcredit, we can multiply the present value of capital cost recovery in Table 4 under the 1986 Law by 1/(1
fl IC), where ITC is the rate of investment tax credit in the same table. For example, when the annual 
r',,(f inflation is zero, the adjusted prE sent value of capital cost recover)' for a shorl-lived corporate asset 
s 0t223;(l - 0.5*( 0944) = 0.9680, which is larger than the coiresponding value, 0.9472, under the Tax 
Reform Act of 1986. 



cost recovery. 
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3. 	 Effective Tax Rates 

The tax burden on capital income can be summarized by means of the effective marginal 

tax rates on income from each type of assets. Effective tax rates represent the complex provi

sions of tax law in terms of a single ad valorem tax rate. This tax rate is based on the sncial 

rate of return, defined as income per dollar of capital, adjusted for inflation and depreciation 

but not for taxes. This 	social rate of return can be compared with the corresponding Frivate 

rate of return, which excludes all tax liabilities at both corporate and individual levels. The
 

effective tax rate is defined as the difference between the social and private rates of return,
 

divided by the social rate of return. 24
 

To describe the Tax Reform Act of 1986, the pre-existing 1986 Tax Law, and the alterna

tive reform proposals presented by the Treasury and the President we present effective tax 

rates 	for assets held by three different legal forms of organization - corporate, noncorporate, 

and 	household - and for short-lived and long-lived assets. We also present tax wedges 

among different types of assets, defined as differences between social rates of return on these 

assets. We give tax wedges for transfers between asset categories within a sector, bo:ween 

sectors, and between the present and the future. We refer to these as interasset, intersec

toral, and intertemporal tax wedges. 

In generating effective marginal tax rates and tax wedges we have employed parameters 

describing the alternative tax laws and tax reform proposals from Tables I through 3. In addi

tion, we have set the values of parameters describing the financial structure of each sector, 

the after corporate tax rate of return to corporate capital, and the rate of interest at 

corresponding averages for the 1967-1986 period. Property tax rates are set at 1986 values. 

21The 	definition of effective tax rates is discussed in more detail ini our earlier paper, Jorgenson and 
Yon (1986h), 357-364. The effective tax rates presented below are based on the "traditional view" of 
corlporate fin~ance discussed by 'oterba and Summers (1983). Elfective tax rates at the corporate level havecompared for Germany, Sweden, the U.K. and the U.S. fur the year 1980 by King and Fullerton (1934).
Thtsi 	effective tax rates are based on the so-called "new view" of corporate finance. The literature on thent.' 'i%
w is surveyed by Auerbach (1983). Auerbach (1987) presents effective tax rates base-' an the new
%i(.% hwt difierent rypes of assets within the corporate sector under the Tx Reform Act of 1986. Fullerton,(illetle, and Mackie (1987) give effective tax rates under the 1986 Tax Act for both views of corporate 
finance. 
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Finally, we assume that an increase in the rate of inflation raises the nominal rate of irterest 

point 	for point. 

3.1. 	 The 1986 Tax Law 

We present effective tax rates under the 1986 Tax Law in Table 5. 

(Table 5 goes about here) 

With a six percent rate of inflation these rates are 2.4 percent for short-lived assets and 44.4 

percent for long-lived assets in the corporate ser.or. The difference in the social rates of 

return between the two asset classes is 4.0 percent. This tax wedge represents the difference 

between tle m3rginal productivities of long-lived assets and short-lived assets. Transferring 

one dollar's worth of capital from short-lived to long-lived assets would increase the national 

income in perpetuity by four cents per year with no additional investment. This is a very 

substantial tax wedge, comparable in magnitude to the social rate of return, suggesting that 

the potential gains from tax reform are very large. 

The provisions of tax law interact with the rate of inflation in determining the tax bur

den on capital income. First, a higher rate of inflation reduces the present value of capital 

cost recovery, since cost recovery is not indexed against the impact of inflation. Second, taxa

tion of nominal interest income, coupled with tax deductibility of nominal interest expenses, 

tends to reduce the tax burden as the rate of inflation increases. For corporate and noncor

porate assets the firm's marginal tax rate for the deduction of interest expenses is higher than 

the individual's marginal tax rate on interest income. On balance the tax burden on corporate 

and noncorporate assets increases with the rate of inf.ation. 25 As the rate of inflation rises, 

the tax burden on short-lived assets increases faster than that on long-lived assets. As a 

consequence the interasset tax wedge declines with the rate of inflation. 

Under the 1986 Tax Law assets in .he noncorporate sector have lower tax burdens than 

' Another muchansm, which we do not model, is that firms using the first-in-first-out (FIFO) inventory 
accounting method overstate their profits and hince their taxable income when inflation is positive. 
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corresponding assets in the corporate sector. Table 5 shows that the effective marginal tax 

rates for short-lived and long-lived assets are -15.2 and 31.2 percent, respectively. These rates 

are substantially lower than the corresponding rates in the corporate sector. The interasset 

tax wedge between short-lived and the long-lived assets is 3.0 percentage points. Although 

this tax wedge is smaller than that in the corporate sector, the interasset tax wedge in the 

noncorporate sector suggests substantial opportunities for gains from tax reform. 

A striking feature of effective tax rates in the noncorporate sector is that the effective tax 

rate on short-lived assets is negative. The provisions for capital cost recovery and the invest

ment tax credit are so favorable that the tax system, in effect, provides subsidies to noncor

porate investment in short-lived assets. These subsidies take the form of "tax shelter" that can 

be used to reduce tax liabilitieE for other types of income. The effects of inflation on the'tax
 

burdens and the interasset tax wedge in the noncorporate sector is similar to that in the cor

porate sector. 
 Inflation increases the tax burden on capital income and reduces the interrasset 

tax wedge. 

The vn/ue of capital services of household assets, such as therenta! equivalent of
 

owner-occupied housing or the services of consumers' durables, is not included in taxable
 

income. However, effective tax raes on household assets are affected by provisions of the 

individual income tax, since payments for personal and mortgage interest are deductible and 

interest income from the debt claims on household assets is taxable. Like the assets in the 

corporate and noncorporate sectors, household assets are also subject to property taxes. 

Table 5 shows that the effective tax rate on household assets is 12.7 percent with six percent 

inflation. The rate increases slightly with inflation. Since the income from household assets 

is not taxable, there is no interasset tax wedge in the household sector. 

Table 5 shows the intersectoral tax wedges under the 1986 Tax Law for short-lived and 

long-lived assets. When the rate of inflation is six percent per year, the intersectoral tax 

wedge between the corporate and noncorporate sectors is 0.9 percent for short-lived 

asgets and 1.9 percent for long-lived assets. The wedges between the noncorporate and 
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household sectors are -0.7 percent for short-lived assets and 2.3 percent for long-lived assets. 

The wedges between the corporate and household sectors are 0.2 percent for short-lived 

assets and 4.2 percent points for long-lived assets. Unlike the interasset tax wedges, the 

intersectoral tax wedges tend to incr'ease with the rate of inflation, since the tax burden of cor

porate assets increases faster than that of noncorporate assets, which in turn increases faster 

than that of household assets. 

3.2. The Treasury Proposal 

Effective marginal tax rates on business assets given in Table 6 

(Table 6 goes about here) 

are similar to those under the 1986 Tax Law. A comparison of Tables 5 and 6 reveals that at 

six percent inflation the Treasury proposal would have slightly reduced the effective marginal 

tax rate from 35.9 to 35.1 percent for corporate assets and from 29.3 to 27.1 percent for non

corporate assets. Since the 1986 Tax Law does not index taxable income and tax deductions, 

the Treasury proposal would have increased the tax burden at a lower rate of inflation, but 

would have decreased it at a higher inflation rate. 

The effective marginal tax rates under the Treasury proposal reflect the combined effects 

of the repeal of investment tax credit, the introduction of economic depreciation, lowering of 

statutory tax rates, and indexing of interest income, interest expenses, and capital gains. Of 

the many tax policy changes in the Treasury proposal, the repeal of investment tax credit 

would have had the greatest impact on effective tax rates on income from capital. Since 

short-lived business assets received the most important benefits from the investment tax 

credit under the 1986 Tax Law, the increase in the tax burden on short-lived assets under the 

Treasury proposal would have been most marked. 

The objectives of the Treasury proposal were to reduce tax wedges among different 

forms of investment and to insulate the tax structure from the impact of inflation. We find 

that the Treasury proposal would have reduced interasset tax wedges substantially. Under 
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the 1986 Tax Law with six percent inflation, the tax wedges between short-lived and long

lived assets are 4.0 percent in the corporate sector and 3.0 percent in the noncorporate sector. 

They would have been reduced to only 1.2 percent and 0.6 percent, respectively, under the 

Tic-sun, proposal. To the extent that the welfare cost of a tax distortion increases with the 

tax wedge, reductions in the interasset tax wedges of this magnitude could have improved 

the efficiency of capital allocation within each sector significantly. 

Second, the Treasury proposal would have substantially reduced the intersectoral tax 

wedges for long-lived assets, but would have had mixed effects for short-lived assets. The 

impact of the proposal on intersectoral tax wedges for short-lived assets would have 

delended on the rate of infl3tion. The Treasury proposal would have been relatively ineffcc

tive in eliminating the substantial intersectoral tax wedges for long-lived assets under the 1986 

law, since long-lived assetswould have born a heavier tax burden than the short-lived assets 

tinder the proposal. In addition, corporate assets would have been more heavily taxed than 

noncorporate assets which, in turn, would have been more heavily taxed than household 

assets. 

Third, the repeal of investment tax credit would have increased the tax burden roughly 

as much as as the reduction of the statutory tax rates would have decreased it at a six percent 

rate of inflation. The average effective tax rate for the entire corporaie sector would have 

changed only from 35.9 percent to 35.1 percent and the intertemporal tax wedge would have 

increased slightly from 2.9 percent to 3.0 percent. The effect of the repeal of !nvestmeni tax 

credit is seen most clearly in the case of the short-lived business assets. At a six percent rate 

of inflation, the effective tax rate on short-lived corporate assets would have increased from 

2.4 percent under the 1986 law to 28.0 percent under the Treasury proposal and the intertem

poral tax wedge would have increased from 0.1 percent to 2.1 percent. The pattern is 

reversed for long-lived assets, since the intertemporal tax wedges would have been smaller 

under the Treasury proposal. 

Finally, the Treasury proposal would have reduced the impact of inflation on the tax 
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burden on capital income by defining taxable income to approximate economic income more 

closel). The tendency of the tax burden to decline with inflation under the Treasury proposal 

is due to incomplete indexing of interest payments. 26 To the extent that interest is not com

pletely indexed, inflation tends to increase the after tax real interest rate and reduce the 

present value of carital consumption allowances, even if tax depreciation is completely 

indexed against inflation. On the other hand incomplete indexing reduces the cost of debt 

financing. Table 6 indicates that the result of these two opposing effects would have been to 

reduce the marginal tax burden of capital with higher rates of inflation under the Treasury 

proposal. 

3.3. The President's Proposal 

We summarize effective tax rates under the President's proposal in Table 7. 

(Table 7 goes about here)
 

Overall, the effects of the President's proposal would have been similar to those of the
 

Treasury proposal. 
 The tax burden on income from capital would have increased at a low rate 

of inflation and decreased at a high rate. The interasset tax wedges in the corporate and non

cof'porate sectors would have been reduced; the intersectoral tax wedges of long-lived assets
 

would also have been reduced, but effects 
on the tax wedges for the short-lived assets would 

have been mixed. However, a careful comparison of Tables 6 and 7 reveals a number .f sub

fle differences between the Treasury and President's proposals, many of which are attribut

able to differences in the impact of inflation on the tax system. 

With no inflation the President's proposal would have been more favorable to invest

ment, since it would have imposed lower tax burdens on capital through the retention of 

accelerated schedules for capital cost recovery. At six or 10 percent inflation rates, the 

President's proposal would have been even more favorable to investment, since the indexing 
f.' Wu as sume that the real interest is 3.57 percent as opposed to the six percent used in the proposal.

Under r assumptions interest income and expenses would have been incompletly indexed and inflation
would have had an impact on effective tax rates. 



- 26 

of capital consumption allowances would have been coupled with the deduction of nominal 

interest expenses. This would have increased the present value of capital consumption 

allowances at higher rates of inflation. In addition, inflation would have lowered the tax bur

den on capital as a consequence of the tax deductibility of nominal Interest expenses. The 

value of the resulting deductions would have been greater than the additional tax liabilities 

resulting from the taxation of nominal interest income at the the individual level. Similar 

reasoning can be applied to explain the decline of the intersectoral tax wedges with inflation. 

Under the 1986 Tax Law and the Tax Reform Act of 1986 capital cost recovery is not 

indexed for inflation, so that an increase in the inflation rate adds to the tax burden on 

income from capital. Under the Treasury proposal, the recovery of capital cost would have 

been indexed and interest would have been indexed incompletely. There would have been a 

slight tendency for the tax burden on capital income to decline with inflation. This tendency 

would have been strengthened under the President's proposal, since capital cost recovery 

would have been indexed, while interest deductions would not. Tables 6 and 7 show that 

the President's proposai would have narrowed the intersectoral tax wedges relative to the 

Treasury proposal. By contrast the Treasury proposal would have had uniformly smaller 

interasset tax wedges. 

3.4. The Tax Reform Act of 1986 

Since the Tax Reform Act of 1986 embraced many of the ideas contained in the Treasury 

and President's proposals, the impact of the tax reform on effective tax rates and tax wedges 

is similar to that of the two proposals. Table 8 shows that the repeal of the investment tax 

(Table 8 goes about here) 

credit more than offset the reduction in the statutory tax rates, so that the overall tax burden 

on income from capital is increased. Despite the acceleration of capital cost recovery and 

lower marginal tax rates, the impact of repeal of the investment tax credit is most evident in 

the increase of the tax burden on short-lived business assets. At six percent inflation, the Tax 
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Reform Act of 1986 imposes an effective tax rate on short-lived assets of 38.2 percent in the 

corporate sector and 28.2 percent in the noncorporate sector, while the corresponding tax 

rates are 2.4 percent and -15.2 percent under the 1986 Tax Law. 

For long-lived assets, effective tax rates are not much affected by tax reform. The effects 

of lower tax rates are approximately offset by the combined effects of the longer cost recovery 

period and the repeal of the investment tax credit. At six percent inflation, the interasset tax 

wedges in the corporate and noncorporate sectors are only 1.0 percent and 0.6 percent, while 

the corresponding figures are 4.0 percent and 3.0 percent, respectively, under the 1986 Tax 

Law. Table 8 shows that the effective tax rates on household assets are essentially unaffected 

by the reform, since the difference between the average marginal tax rates on equity and debt 

claims is nearly unchanged and property taxes remain the same. 

Overall, the tax btrden on the income from capital is increased by the 1986 tax reform. 

As a consequence, the intertemporal tax wedges are larger and the efficiency of intertemporal 

resource allocation is adversely affected. On the other hand, the interasset tax wedges are 

considerably reduced and the efficiency of intccasset capital allocation is enhanced. At six 

percent inflation intersectoral wedges are increased for short-lived assets and decreased for 

long.lived assets. 

Since the tax reform did not incorporate the indexing of capital income taxation, as pro

vided in the Treasury proposal, the impacts of inflation on effective tax rates and tax wedges 

u~nder the Tax Reform Act of 1986 are similar to those under the 1986 Tax Law. The tax bur

den on income from capital increases with inflation. Since the tax burden on short-lived 

assets rises faster than that on long-lived assets, interasset tax wedges decline with the rate of 

inflation. The tax burden on corporate assets increases faster than that on noncorporate 

assets, which in turn increases faster than that on household assets, so that intersectoral tax 

wedges increase with the rate of inflation. 
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4. Tax Reform and Economic Growth 

In this section we estimate the impact of alternative tax policies - the Treasury proposal, 
the President's proposal, and the Tax Reform Act of 1986  on U.S. economic growth. We 
evaluate the effect of each of the alternative tax reform proposals by comparing the resulting 
level of welfare with that attainable unde, the 'base case" given by the 1986 Tax Law. Since 
effective tax rates and tax wedges depend on the rate of inflation, we consider three alterna
tive rates of inflation  zero, six, anri 10 percent. In these comparisons we impose the 
requirement that the revenue and expenditure of the government sector are the same as in the 

base case.
 

We consider four alternative methods for adjusting tax revenues so as 
to keep the 
budgetary position of the government sector the same as in the base case. The first method is 
to increase or decrea.t, government revenues by Wemeans of a "lump sum" tax or subsidy. 


model a lump SLfm tax by altering the budget constraint facing the representative consumer.
 

A tax results in a contraction of the budget available to the consumer and a corresponding
 
increase in government revenue. Similarly, a subsidy expands the budget available to the
 
consumer and decreases government revenue. 
 A lump sum tax or subsidy does not distort
 
decisions in the household or business sectors of the economy by altering the tax wedges fac

ing the representative consumer or the representative producer. 

We also consider three methods for adjusting government revenues that involve 

changes in tax induced distortions. These include proportional adjustments to labor income 
taxes, sales taxes on investment and consumption goods, and taxes on income from both cap
ital and labor. The labor income i, adjustment affects the tax rate for labor services, the 

sales ta\ adjustment affects the tax rates for consumption and investment goods, and the 
income tax adjustment affects the tax rates for both capital and labor services. By considering 
all three methods we are able to assess the sensitivity of the welfare rankings of alternative 

tax policies to changes in the constraints imposed by the requirement of revenue nrutrality. 
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4.1. The Tax Reformi Act of 1986 

We summarize the results of our simulations of U.S. economic growth under alternative 

tax policies in Table 9. An important conclusion we can draw 

(Table 9 goes about here) 

from Table 9 is that the Treasury proposal, the President's proposal and the Tax Reform Act 

of 1986 all improve potential economic welfare substantially. In our central case with six per

cent inflation and a lump sum tax adjustment, the President's proposal would have generated 

a welfare gain of $2452.2 billion, while the Treasury proposal would have generated a gain of 

$1907.6 billion. However, the welfare gain associated with the Tax Reform Act of 1986 is only 

$448.4 billion. 27 

With no change in government expenditures the Tax Reform Act of 1986 results in more 

revenue than is necessary to keep the government in the same budgetary position as under 

the 1986 Tax Law. In order to leave government revenue the same under the two tax policies, 

tax revenues must be rebated to the household sector. RepJacing the lump sum tax adjust

ment with a distortionary tax adjustment lowers the rates of the distortionary taxes involved 

and improves the performance of the economy under the Tax Reform Act of 1986. By con

trast, the Treasury and the President's proposals would nave resulted in less revenue than the 

1986 Tax Lwv. The welfare gains would have been smaller under the distortionary tax adjust

ments than under the h,np sum ta%adjustment. 

Another perspective on the economic impact of the alternative tax reform proposals is 

provided by a comparison of the welfare gains from tax reform with the private national 

wealth. The nominal value of the U.S. private national wealth at the beginning of 1987 was 

$15,920.2 billion. Making use of this figure, we estimate that the welfare gains from the 

Treasury and the President's proposals would have been equivalent to increases of 12.0 and 

15.4 percent, respectively, of U.S. private national wealth in 1987.28 The welfare gain from the 

•7These welfare gains are measured in 1987 dollars. 
" In interpreting these comparisons in terms of the U.S. private national wealth, it is useful to bear in 

mind that the private national wealth includes only nonhuman wealth, while the welfare gains from tax 
reform accrue to the owners of nonhuman capital and also to recipients of labor income, which can be 
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Tax Reform Act of 1986 is equivalent to an increase of only 2.8 percent of the national wealth. 

Under distortionary tax adjustments the welfare gains would have been somewhat
 

smaller for the President's proposal and slightly smaller for the Treasury proposal. 
 The gains 

are substantially larger for the 1986 Tax Reform Act. However, these gains are not sensitive to 

the differences among the distortionary tax adjustments. 29 If we consider a sales tax adjust

ment with a six percent inflation rate, the welfare gains would have been $1600.1 billion for 

the Treasury proposal and $2014.9 billion for the President's proposal. These gains would 

have totaled 10.1 and 12.3 of the U.S. private national wealth in 1987. The corresponding 

welfare gain is $901.2 billion for the Tax Reform Act of 1986. This is equivalent to 5.7 percent 

of the national wealth. 

It is worth recalling that inflation reduces the intetasset tax wedges and increases the
 

intertemporal and the intersectoral tax wedges under the 1986 Tax Law and the Tax Reform
 

Act of 1986. 30 Under the Treasury and President's proposals, inflation has little effect on the
 

interasset wedges but tends to reduce the intersectoral and intertemporal tax wedges. The 

results presented in Tabie 9 show that inflation improves the performance of the economy 

under the Treasury and President's proposals and affects economic performance adversely 

under the 1986 Tax Law and the Tax Reform Act of 1986. We conclude that the positive 

impact of inflation on intertemporal and intersectoral resource allocation more than offsets its 

negative impact on interasset allocation. 

Table 9 also shows how the welfare effects of alternative tax reforms would be affected 

by the rate of inflation. It is useful to focus on lump sum tax adjustments since distortionary 

tax adjustments result in reallocations of resources due to substitutions as well as to changes 

in the rate of inflation Economic welfare improves with higher inflation under the Treasury 

and President's proposals. On the other hand, welfare declines with inflation under the 1986 

regarded as a return to human capital. 
""Th, does not imply that the distortionary effects of the taxes used for revenue adjustments are

similar. Rather it reflects the fact that the size of the reqWred revenue adjustments is not large enough to 
prodduce sizable differences. 

' 
To be more precise, inflation increases the intersectoral tax wedges under the 1986 Tax Law, but has
mi\ed effects on the absolute size of the inters'ctoral tax wedges where the wedges have a negative sign. 
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Tax Law and the Tax Reform Act of 1986. This is due to the fact the tax burden on capital 

income is reduced with higher inflation under the two proposals, while inflation increases the 

tax burden on capital income under the 1986 Tax Law and the Tax Reform Act of 1986. An 

increse in the rate of inflation from zero to six percent is sufficient to alter the welfare rank

ing between the Treasury propo3al and the Tax Reform Act of 1986. 

4.2. Alternative Approaches to Tax Reform. 

We have measured the impact of the Tax Reform Act of 1986 on economic welfare, 

employing the 1986 Tax Law as a basis for comparison. We have also assessed the potential 

impact of the Treasry and President's tax reform proposals. We next consider alternative
 

approaches to tax reform based on the elimination of tax wedges among different types of
 

assets. As before, the growth path of the U.S. 
 economy under the 1986 Tax Law is taken as a 

basis for comparison. We measure the potential gains in economic welfare from changes in 

tax policy by comparing the resulting levels of welfare with those corresponding to the 1986 

Tax Law. 

For the purposes o4 this analysis we find it useful to distinguish between atemporal tax 

wedges and intertemporal tax wedges. The elimination of an atemporal tax wedge requires 

that the social rates of return on the corresponding assets are equalized within a given time 

period. We eliminate atemporal tax wedges among assets by equalizing the corresponding 

social rates of return at a weighted average of the social rates of return, where stocks of assets 

are used as weights. More precisely, we equalize social rates of return associated with bal

anced growth equilibrium under the 1986 Tax Law, using the balanced growth proportions of 

assets as weights. 

To model the integration of the corporate and individual income taxes we set the social 

rates of return on corporate assets equal to those on the corresponding noncorporate assets. 

This procedure does not affect the private rates of return in the two sectors, so that effective 

tax rates are not equalized between the sectors. The private raies of return of assets in dif-

Si) I 
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ferent sectors differ for two reasons, The first is that debt/asset ratios differ across sectors. 

The second is that average marginal tax rates on individual income vary from sector to sector 

duie to the differences in the distribution of asset ownership among taxpayers in different 

income tax brackets. 

We consider the elimination of five sets of tax wedges: (1) the interasset tax wedges 

within the corporate and noncorporate sectors, (2) intersectoral tax wedges between assets of 

the same type held in the corporate and noncorporate sectors, (3) intersectoral tax wedges 

among assets of the same type held in the business and household sectors, where the busi

ness sector includes both the corporate and noncorporate business. (4) all the atemporal tax 

wt . os in the business sector, and (5)all the atemporal tax wedges in the business and the 

household sectors. We also consider the integration of corporate and noncorporate taxes. 

Elimination of an intertemporal tax wedge requires equalizing the social and private 

rater, of return, so that the effective tax rate on the corresponding assets is reduced to zero. 

We consider two possible approaches to tax reform for eliminating intertemporal tax distor

tions. First, we consider the elimination of intertemporal tax wedges resulting from the 

income and property taxes. This leaves the sales tax on investment goods at its level in the 

base case, while reducing the effective tax rate on capitalincome to zero. Second, we elim

inate the tax burden on capital altogether by removing the the sales tax on investment goods 

as well as the taxes on income from capital and property taxes. These two approaches 

correspond to alternative implementations of consumption tax rules for the taxation of capital 

income. 

We summarize the social rates of return, effective tax rates, and the sum of the invest

ment tax credit and the present value of tax deductions for capital cost recovery with the elim

ination of tax wedges among different classes of assets in Table 10. 

(Table 10 goes about here) 

Panel A represents the base case corresponding to 1986 Tax Law. Panel B represents the 

elimination of interasset tax wedges within the corporate and noncorporate sectors. This can 
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be achieved by setting the sums of the investment credit and the present value of tax deduc

tions for capital cost recovery at the values specified in the table. The social rates of return 

and the effective t;,' rates must be the same for short-lived and long-lived assets within each 

sector, since the private rate of return is the same for all assets within the sector. After 

interasset wedges are eliminated, the intersectoral and intertemporal tax wedges remain. 

In Panel C we eliminate the intersectoral tax wedges between assets in the corporate 

and noncorporate sectors by equalizing social rates of return on short-lived assets in the two 

sectors. Similarly, we equalize social rates of return on long-lived assets. After the intersec

toral tax wedges within the business sector are removed, the interasset tax wedges and inter

sectoral wedges between the business and household sectors still remain. In Panel D we also 

eliminate the intersectoral tax wedges between business and household sectors. This 

approach to tax reform eliminates all the intersectoral tax wedges, but creates an interasset tax 

wedge in the household sector where none existed before the change in tax policy. There are 

interasset tax wedges in the corporate and noncorporate sectors as well. 

In Panel E we eliminate both the interasset and intersectoral tax wedges in the business 

sector. Conceptually, the tax reforms represented in Panel E are a combination of the reforms 

represented in Panels B and C. In Panel Fall the atemporal tax wedges are eliminated, so 

that the only remaining sources of tax distortions are the intertemporal tax wedges. In Panel 

G, we eliminate the intersectoral tax wedges between corporate and noncorporate sectors by 

setting the social tates of return on corporate assets equal to the corresponding rates on non

corporate assets. The substantial reduction in tax revenue can be offset by a lump sum tax or 

by' proportional adjustments in the labor income tax, sales tax, or individual income tax. 

Finally, in Panel H all the intertemnoral tax wedges are eliminated and the social and private 

rates of return are equalized for all assets. 

4.3. Welfare Impacts of Tax Reform 

We summarize the welfare impacts of the eight hypothetical tax reform proposals in 
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Table 11. Beginning with lump sum tax adjustments, we find that the welfare 

(Table 11 goes about here) 

gain from elimination of interasset tax wedges that exist under the 1986 Tax Law is $443.9 bil

lion. The elimination of intersectoral tax wedges between assets In the corpnrate and noncor

porate sectors yields welfare losses instead of gains. Given Harbergei's (1966) analysis of the 

impact of the corporate income tax, this is a rather surprising result. The elimination of a tax 

wedge would usually be expected to increase the efficiency of resource allocation and improve 

the level of economic welfare. However, the demand for capital services is much more elastic 

in the noncorporate sector than in the corporate sector. Equalizing the social rates of return 

between the corporate and noncorporate assets reduces the total demand for the business 

capital services. 

The third change in tax policy analyzed in Table 11 is the elimination of intersectoral tax 

wedges between the household and business sectors. The results suggest that there is a very 

large potential welfare gain to be realized from this change in tax policy under the 1986 Tax 

Law. The estimated gain is $2262.6 billion at a six percent rate of inflation, which is much 

larger than that we have estimated for the Tax Reform Act of 1986. Given the substantial tax 

wedger, between business and household assets under the 1986 Tax Law, this result is not 

surprising. For example, the intersectoral tax wedges for short-lived assets are 0.2 percent 

tx,tween the corporate and household sectors and -0.7 percent between the noncorporate and 

household sectors. The corresponaing figures for long-lived assets are 4.2 percent and 2.3 

percent, respectively. 

The welfare gain from eliminating the interasset and intersectoral wedges among busi

ness assets is estimated to be only $326.4 billion under the 1986 Tax Law. The welfare gain 

from eliminating all the atemporal tax wedges in the private sector of the U.S. economy is 

estimate:| to be $2663.7 billion. This gain is much larger than the welfare gain resulting from 

elimination of interasset distortions within each sector and somewhat larger than that result

ing from elimination of intersectoral tax distortions for all sectors. In view of the relative 
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m-ignitude ok" these effects, we can attribute most of the welfare gain to elimination of inter

sectoral tax wedges between business and household assets. 

In the sixth change in tax policy we consider is the elimination of intersectoral tax 

wedges between assets in the corporate and noncorporate sectors. For this purpose we set 

social rates of return on corporate assets equal to the corresponding rates of return on noncor

porate assets under the 1986 Tax Law. The effective tax burden on corporate assets is unam

biguously reduced by this hypothetical change in tax policy. The estimated welfare gain from 

this change in tax policy is $1313.1 bilion. The gain is about half of that attainable by elim

inating all intersectoral tax wedges. 

In the six changes in tax policy we have considered up to this point, we have focused 

attention on the distortionary impact of atemporal tax wedges. We next consider the elimina

tion of intertemporal tax wedges by setting effective tax rates on all types of income from cap

ital equal to zero. We find that the elimination of intertemporal tax wedges generates huge 

welfare gains under lump sum tax adjustment. When sales taxes on investment goods are 

also abolished, the welfare gain becomes even larger. Taking the 1986 Tax L.-w as the base 

case, the welfare gain from removing intertemporal tax wedges on all assets is $3853.9 billion. 

The elimination of the sales taxes on investment guods produces a gain of $4128.1 billion. 

The magnitudes of welfare gains from elimination of the intertemporal tax wedges 

inder distortionary tax adjustments presented in Table 1i1 are substantially lower than those 

under lump sum tax adjustment. The changes in marginal tax rates required to offset revenue 

losses can generate significant subsitution effects. The welfare effects resulting from the elim

ination of intertemporal tax wedges, as given in Table 11, are also sensitive to the choice 

among distortionary tax adjustments, since the required increase in tax revenue is large. 

If a proposed tax reform is roughly revenue neutral, so that the magnitude of the 

required adjustment in tax revenue is small, the welfare ranking of alternative policy changes 

does not depend on the method for adjusting :ax revenue. For a change in tax policy that 

involves substantial rate cuts with no compensating enhancement of tax revenues through 
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base broadening, the welfare measures under the lump sum tax adjustment can be interpreted 

as upper bounds of the welfare gains that can may be achieved. Any realistic tax reform 

invo!ving revenue adjustment through changes in distortionary taxes would result in welfare 

gains well below those attainable under the hypothetical lump sum tax adjustment. 

The fact that the estimated welfare gains from the elimination of the intertemporal tax 

wedges is in the range of four trillion dollars suggests that the potential welfare gain from 

replacing the current system of income taxes with consumption based taxes is very large 

indeed. However, the welfare gains are reduced by approximately half under the more real

istic assumption that revenue losses are offset by distortionary tax adjustments. These wel

fare gains are still impressive. We conclude that improvements in the efficiency of intertem

poral resource allocation must be carefully weighed against possible worsening of atemporal 

resource allocation as a consequence of distortions associated with taxes on consumption. 
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5. Conclusion 

The Tax Reform Act of 1986 increases the effective marginal tax burden on income from 

capital at an), positive inflation rate. Nonetheless, the change in economic welfare relative to 

the 1986 Tax Law is positive. The 1986 Tax Act improves the efficiency of atemporal resource 

allocation sufficiently to offset the negative impact of greater effective tax rates on capital 

Jlcome. Higher rates of inflation result in a marked reduction in the sizable welfare gains 

from the 1986 tax reform at rates of inflation near zero. For example, we estimate that the 

welfare gain is $448.4 billion at a six percent rate of inflation, which amounts to 2.8 percent of 

U.S. private national wealth in 1987. The 1986 Tax Act substantially reduces interasset tax 

wedges within the business sector, so that potential welfare gains from further reductions is 

small. 

An important feature ot the Treasury and President's proposals is that the tax base 

would have been largely indexed against inflation. By contrast the tax burden on income 

from capital under the Tax Reform Act of 1986 increases significantly with the rate of infla

tion. While the gains from the 1986 Tax Act are comparable to those of under the Treasury 

and President's propc5als at inflation rates near zero, the gains under the two proposals are 

much greater at moderate or high rates of inflation. For example, the President's proposal 

would have resulted in a welfare gain of $2452.2 billion dollars at a six percent inflation rate, 

which dwarfs the corresponding gain from the Tax Reform Act of 1986. We conclude that 

insulating the tax system from the effects of inflation should remain a top priority for future 

tax reform. 

However, the largest welfare gains from tax 'eform would have been obtained by 

transferring part of the tax burden on business capital to household capital. There are obvi

ously important political obstacles to such a transfer. Limitations on the deductibility of mort

gage interest and e!jmination of the tax deductibility of state and local property taxes were 

included in the Treasury proposal. However, only a very modest limitation of the deductibil

ity of mortgage interest survived into the final 1986 tax reform legislation. The welfare gain 

A? 
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'from a tax policy that treats all orms of capital income symmetrically would have been 

$2663.7 billion dollars at a six percent inflation rate. This exceeds the gain from the 1986 Tax 

Act by $2215.3 billion dollars and outranks the gains from both the Treasury and President's 

proposals. 

An alternative approach to equalizing the tax burdens between business and household 

assets would have beenkt 86 Tax Law with a tax system based on consumption. At a six 

percent inflation rate the welfare gain from shifting to a consumption based tax system from a 

system primarily based on income would have been much larger than the gain from the Tax 

Reform Act of i986. This conclusion holds for any of the alternative methods we have con

sidered for maintaining government revenue at same level as under the 1986 Tax Law. The 

prospective revenue losses associated with elimination of capital income taxation would'have 

required large increases in distortionary taxes. However, the resulting welfare losses would 

have been outweighed by gains in efficiency from eliminating capital income taxes. 
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Table 1. Tax Rates
 

1. Average Marginal Tax Rates of Individual Capital Income
 

A. 0% Inflation 
1986 LAW TREAS PRESID 1986 ACT 

TEQ 0.2555 0.2261 0.2240 0.29 
TEM 0.2934 0.2427 0.2572 0.2494 
TGQ 0.0303 0.0596 0.0325 0.0562 
TGM 
TDQ 
TDM 
TDH 
TDG 

0.0293 
0.1533 
0.1971 
0.2717 
0.2205 

0.0607 
0.1452 
0.1805 
0.2252 
0.1868 

0.0322 
0.1532 
0.1912 
0.2387 
0.1970 

0.0624 
0.1285 
0.1670 
0.2310 
0.1852 

B. 	6% Annual Inflation
 
1986 LAW TREAS PRESID 1986 ACT
 

TEQ 0.2559 0.2261 0.2240 0.2033

TEM 0.2934 0.2427 0.2572 
 0.2494
 
TGQ 0.0303 0.0596 0.0600 0.0562
 
TGM 0.0293 0.0607 0.0643 0.0624
 
TDQ 0.1730 0.1452 0.1532 
 0.1434
 
TDM 0.2151 0.1805 0.1912 0.1807
 
TDH 0.2722 0.2252 0.2387 
 0.2314
 
TDG 0.2260 0.1868 0.1970 0.1894
 

C. 	10% Annual Inflation
 
1986 LAW TREAS PRESID 1986 ACT
 

TEQ 0.2560 
 0.2261 
 0.2240 
 0.2034
 
TEM 0.2934 0.2427 0.2572 0.2494
 
TGQ 0.0303 0.0596 0.0600 
 0.0562

TGM 0.0293 0.0607 0.0643 0.0624
 
TDQ 0.1806 0.1452 0.1532 
 0.1492
 
TDM 0.2222 0.1805 0.1912 
 0.1861

TDH 0.2724 0.2252 0.2387 0.2315

TDG 0.2282 0.1868 0.1970 0.1910
 

Note: We set TEH=TEM and TGH=0.
 

TEQ, TEM, TEH: 	average marginal tax rates (AMTR) of individual
 
income accruing to corporate, noncorporate and
 
household equities, respectively.
TGQ, TGM, TGH: 
AMTR of capital gains accruing to corporate,
 
noncorporate and household equities, respectively.
TDQ, TDM, TDH, TDG: AMTR of interest income accruing to corporate,
 
noncorporate, household, and government debts,

respectively.
 



Table 1. Tax Rates (Concluded)
 

2. 	 Marginal Tax Rates of Labor Income, Corporate Income 
and Average Persunal Tax Rates. 

1986 LAW TREAS PRESID 1986 ACT
 

TLM 0.2967 0.2512 0.2536 0.2517
 
TQ 0.5084 0.4006 0.4006 0.3847
 

TAP 0.1315 0.1203 0,1223 0.1233
 

TLM: average marginal tax rate of labor income
 
TQ: corporate income tax rate (Federal + State & Local)
 
TAP: average tax rete of individual income. The Treasury
 

proposal, the President's proposal, and the 1986 Tax
 
Reform Act are assumed to reduce TAP by 8.5%, 7.0%,
 
and 6.2%, respectively.
 

3. Tax Rates Held Constant Across the Alternative Tax Policies
 

TPQ 	= 0.0100 TPM = 0.0096 TPH - 0.0100 
TC = 0.0579 TI - 0.0579
 
TT = 0.0229
 
TW = 0.0006
 

TPQ, TPM, TPH: property tax rates of corporate, noncorporate
 
and household assets, respectively.
 

TC, TI: sales tax rates of consumption and investment goods
 
TT: rate of personal nontaxes
 
TW: effective rate of wealth taxation
 



Table 2. Indexing and Deduction of Capital Incomes.
 

1986 LAW TREAS PRESID 1986 ACT
 

1. Indexing

DC 0.0 1.0 0.0(l.0)* 0.0
 
DI 0.0 INF/(0.06+INF) 0.0 0.0
 
HDI 0.0 0.0 0.0 0.0 

2. Deduction 	of Capital Income
 
DD 0.0 0.5 0.1 0.0
 
ICDD 0.85 0.50 0.90 0.80
 
IRCR 0.0 1.0 1.0 0.0
 
DHI 1.0 1.0 1.0 1.0
 
Inclus 0.4 1.0 0.5(1.0)* 1.0
 

3. Deduction of State and Local Taxes
 
DSLI 1.0 0.0 0.0 1.0
 
D(LQ 1.0 1.0 1.0 1.0
 
DSLM 1.0 1.0 1.0 1.0
 
DSLH 1.0 0.0 0.0 1.0
 

DC: 	 indexing of long term capital gains, DC=1.0 for complete
 
indexing.


DI: indexing of interest income and interest expenses of the
 
corporate and noncorporate sectors, DI=l.0 for complete
 
indexing.
 

HDI: indexing of household interest payment.
 
DD: deduction of dividend paid for corporate tax purposes.

ICDD:deduction of intercorporate dividends received.
 
IRCR:fraction of accrual based taxation of life-insurance
 

company's inside build-up.

DHI: deduction of household interest expenses.
 
Inclus: fraction of long term capital gains taxed as ordinary
 

income.
 
DSLI: deduction of State & Local income taxes.
 
DSLQ: deduction of State & Local other taxes, corporate.

DSLM: deduction of State & Local other taxes, noncorporate.

DSLH: deduction of State & Local other taxes, households.
 
INF: annual rate of inflation.
 

*: Beginning in 1991, instead of exculding 50% of long term 
capital gains taxpayers will have the option of 100%
 
inclusion and complete indexing. We assume that if
 
inflation is higher than 6% taxpayers choose indexing.
 

I)
 



--------------------------------------------------------------------

Table 3. 
Tax Lives, ITC, and Economic Rate of Repreciation.
 
Asset DEL ITC85 BEA 
 LAW86 TRE/A,,S PRESID ACT86
 

1 0.138 0.10 12.0 5.0 17.0 7.0
2 0.118 0.10 14.0 5.0 17.0 
5.0
 

7.0 7.0
3 0.092 0.10 
 18.0 5.0 17.0 7.0 7.0
4 0.052 0.10 32.0 10.0 25.0 
 10.0 15.0
5 0.206 0.10 
 8.0 10.0 10.0
25.0 10.0
6 0.145 0.10 9.0 5.0 12.0 
 6.0 7.0
7 0.163 0.10 
 8.0 5.0 12.0 6.0 5.0
8 0.118 0.10 14.0 5.0 17.0 
 7.0 .7.0
9 0.172 0.10 
 10.0 5.0 12.0 6.0 5.0
10 0.150 0.10 11.0 5.0 12.0 
 6.0 7.0
11 0.123 0.09 16.0 5.0 17.0 7.0
12 0.103 0.10 16.0 5.0 17.0 
5.0
 

7.0 7.0
13 0.123 0.10 16.0 5.0 17.0 7.0 7.0
14 0.273 0.10 8.0 8.0
5.0 5.0 5.0
15 0.165 0.10 10.0 
 5.0 12.0 6.0 5.0
16 0.110 0.10 15.0 7.0 17.0 
 7.0 10.0
17 0.050 0.10 33.0 7.0 7.0-
17.0 10.0
18 0.165 0.10 10.0 5.0 17.0 7.0 
 5.0
19 0.183 0.10 9.0 
 5.0 17.0 7.0 5.0
20 0.254 0.07 9.0 8.0 5.0
5.0 5.0

21 0.333 0.06 10.0 
 3.0 5.0 4.0, .1.022 0.183 0.10 16.0 12.0
5.0 6.0 7.0
23 0.061 0.10 27.0 
 5.0 25.0 10.0 10.0
24 0.055 0.10 30.0 25.0
5.0 7.0 7.0
25 0.135 0.10 12.0 
 7.0 12.0 6.0 7.0
26 0.180 0.10 9.0 12.0
5.0 6.j 5.0
27 0.147 0.10 11.0 
 5.0 12.0 6A-1 '* 028 0.036 0.03 31.0 63.0
19.0 28.f 31 .5
29 0.056 0.00 16.0 
 19.0 
 63.0 28.A 3.1.5
30 0.025 0.00 36.0 19.0 63.0 ;28.V 31.5
31 0.022 0.00 40.0 
 19.0 63.0 28.0 31.5
32 0.026 0.07 34.0 17.0 .o
10.0 7.0ts

33 0.019 0.00 48.0 
 19.0 
 63.0 26. 31-.S
34 0.019 0.0u 48.0 19.0 63.0 28,A"' 11.5
35 0.023 0.00 48.0 
 19.0 63.0 28.0 31.5
36 0.025 0.Do 32.0 63.0
19.0 28.0. 31.'5
37 0.047 0.10 30.0 
 10.0 17.0 7.0 15.0
38 0.037 0.00 38.0 63.0 1.5
19.0 28.0,

39 0.017 0.10 54.0 
 5.0 38.0 10.1 11:.t
40 0.023 0.08 40.0 38.0
10.0 10.0 15.0
41 0.023 0.10 40.0 
 15.0 38.0 10.0 20.0
42 0.023 0.06 
 40.0 10.0 38.0 10.0 
 20.0
43 0.045 0.10 
 38.0 5.0 38.0 10.0 50
44 0.045 40.0 38.0
0.10 5.0 
 10.0 is0

45 0.024 0.00 38.0 19.0 28
63.0 4P.0
46 0.056 0.10 16.0 5.0 38.0 
 7. . 047 0.056 0.10 
 16.0 5.0 38.0 7.6 -7 A48 0.023 0.00 40.0 19.0 63.0 
 28.0 31.5
49 0.024 0.10 38.0 5.0 38.0 10.0

50 0.250 0.10 6.0 5.0 12.0 

7.0
 
6.0 7.0
51 0.013 0.00 
 19.0 63.0 28-0' St'
 



Table 4. Investment Tax Credit and Tax Deduction
 
of Depreciation Allowances
 

1. 1986 	LAWS
 

A. Investment Tax Credit
 

INF 	 CORPORATE NONCORPRATE
 

SHORT LONG SHORT LONG
 

0.00 	 0.0945 0.0423 0.0954 0.0056
 
0.06 	 0.0944 0.0426 0.0953 0.0057
 
0.10 	 0.0944 0.0427 0.0953 0.0057
 

B. Present Value of Capital Consumption Allowances
 

INF 	 CORPORATE NONCORPORATE
 

SHORT LONG SHORT LONG
 

0.00 	 0.9223 0.6347 0.9204 0.5529
 
0.06 	 0.8755 0.5569 0.8714 0.4609
 
0.10 	 0.8469 0.5156 0.8416 0.4143
 

2. Treasury Proposal
 

A. Investment Tax Credit
 

INF 	 CORPORATE NONCORPORATE
 

SHORT LONG SHORT LONG
 

0.00 	 0.0000 0.0000 0.0000 0.0000
 
0.06 	 0.0000 0.0000 0.0000 0.0000
 
0.10 	 0.0000 0.0000 0.0000 0.0000
 

B. Present Value of Capital Consumption Allowances
 

INF 	 CORPOEATE NONCORPORATE
 

SHORT LONG SHORT LONG
 

0.00 	 0.892 6 70-9-- 7 0.8981 0.3960 
0.06 	 0.9194 0.5479 0.9237 0.4441
 
0.10 0.9275 0.5647 0.9313 0.4610
 

INF: annual rate of inflation
 



Table 4. Investment Tax Credit and Tax Deduction
 
of Depreciation Allowances (Concluded).
 

. President's Proi 1
 

A. Investment Tax Credit
 

INF CORPORATE NONCORPORATE
 

SHORT LONG SHORT LONG
 

0.00 	 0.0000 0.0000 0.0000 0.0000
 
0.06 	 0.0000 0.0000 0.0000 0.0000
 
0.10 	 0.0000 0.0000 0.0000 0.0000
 

B. Present Value of Capital Consumption Allowances
 

INF 	 CORPORATE NONCORPORATE
 

SHORT LONG SHORT LONG
 

0.00 0.9471 0.6142 0.9490 0.4843
 
0.06 1.0059 0.7320 1.0058 0.6487
 
0.10 1.0452 0.8283 1.0437 0.7925
 

4. Tax Act of 1986
 

A. Investment Tax Credit
 

INF 	 CORPORATE NONCORPORATE
 

SHORT LONG SHORT LONG
 

0.00 0.0000 0.0000 0.0000 0.0000
 
0.06 0.0000 0.0000 0.0000 0.0000 
0.10 0.0000 0.0000 0.0000 0.0000 

B. Present Value of Capital Consumption Allowances
 

INF 	 CORPORATE NONCORPORATE
 

SHORT LONG SHORT LONG
 

0.00 0.9472 0.5929 0.9515 0.4861
 
0.06 0.8714 0.4626 0.8807 0.3407
 
0.10 0.8281 0.4058* - 0.8397 0.2807 

INF: annual rate of inflation 

6'1
 



Table 5. Effective Tax Rates and the Distortionary Impacts of
 
Capital Income Taxation --- 1986 Tax Law.
 

1.T0% Inflation
 
Short-Lived long-Lived All

Assets Assets 
 Assets
 

Sector SROR 
 GAP ETR SROR GAP ETR SROR GAP ETR
 

Ccrp. 0.049 -0.007 -0.133 0.094 0.039 0.410 0.080 0.025 
 0.308
Ncorp. 
 0.044 -0.011 -0.257 0.076 0.021 0.272 0.074 0.018 0.251
Housh. 0.058 0.007 
 0.119 -- same as short-lived assets --


Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH
 

Corporate Noncorporate short long short long short long
 
-0.045 -0.032 
 0.005 0.018 -0.008 0.036 -0.014 0.018
 

2. 6% Inflation
 
Short-Lived 
Assets 

long-Lived 
Assets 

All 
Assets 

Sector SROR GAP ETR SROR GAP ETR SROR GAP ETR 

Corp. 
Ncorp. 
Housh. 

0.053 0.001 
0.045 -0.007 
0.052 0.007 

0.024 
-0.152 
0.127 

0.094 
0.075 

--

0.042 0.444 0.081 0.029 
0.023 0.312 0.073 0.021 

same as short-lived assets -

0.359 
0.293 

Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH
 

Corporate Noncorporate short long short long short long
 

-0.040 -0.030 
 0.009 0.019 0.002 0.042 -0.007 0.023
 

3. 10% Inflation
 
Short-Lived long-Lived 
 All
 
Assets Assets 
 Assets
 

Sector SROR GAP ETR 
 SROR GAP ETR SROR 
 GAP ETR
 

Corp. 0.056 0.006 0.110 0.093 0.043 
 0.461 0.082 0.032 0.387
Ncorp. 0.045 -0.004 -0.085 0.074 0.025 0.337 
 0.072 0.023 0.319

Housh. 0.048 0.006 0.133 --
same as short-lived assets --


Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH NC-HH
Corporate Noncorporate short 
 long short long short long
 

-0_.03 -0.029 
 0.011 0.019 
 0.009 0.045 -0.002 0.026
 



Table 6. Effective Tax Rates and the Distortionary Impacts of
 
Capital Income Taxation --- Treasury Proposal.
 

--I. 0% Inflation
 
Short-Lived 
Assets 

long-Lived 
Assets 

All 
Assets 

Sector SROR GAP ETR SROR GAP ETR SROR GAP ETR 

Corp. 
Ncorp. 
Housh. 

.8 
0.071 
0.060 

0.025 
0.016 
0.009 

0.310 
0.224 
0.156 

0.091 
0.077 

--

0.036 0.397 0.088 0.033 
0.022 0.284 0.076 0.021 
same as short-lived assets -

0.373 
0.280 

Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH


Corporate Noncorporate short long short 
 long short long
 
-0.011 -0.006 0.009 0.020
0.015 0.031 0.010 0,016
 

2. 6% Inflation
 
Short-Lived long-Lived 
 All
 
Assets 
 Assets 
 Assets
 

Sector SROR GAP SROR
ETR GAP ETR SROR GAP ETR
 

Corp. 0.076 0.021 0.280 
 0.088 0.033 0.085
0.379 0.030 0.351
Ncorp. 0.069 0.014 0.207 
 0.075 0.021 0.075
0.275 0.020 0.271

Housh. 
 0.060 0.009 0.157 -- same as short-lived assets --


Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH
Corporate Noncorporate short long short 
 long short long 

-0.012 -0.006 ]T-O7 0.013 0.017 0.0090.029 0.016 

3. 10% Inflation
 
Short-Lived long-Lived 
 All
 
Assets 
 Assets 
 Assets
 

Sector SROR GAP 
 ETR SROR GAP ETR SROR GAP ETR
 

Corp. 0.075 0.020 0.087
0.271 0.033 0.373 0.084 0.029 0.345
Ncorp. 0.068 0.203
0.014 0.075 0.020 0.272 0.020
0.074 0.268

Housh. 0.059 0.009 0.158 
 -- same as short-lived assets --


Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH NC-HH
Corporate Noncorporate short long short long short long
 

-0.012 -0.007 
 0.007 0.013 0.016 0.028 
 0.009 0.016
 



Table 7. Tax Rates and the Distortionary Impacts of
 
Capital Income Taxation --- President'S Proposal.
 

I. 0 % Infaon
 
Short-Lived 
Assets 

long-Lived
Assets 

All 
Assets 

Sector SROR GAP ETR SROR GAP ETR SROR GAP ETR 

Corp. 
Ncorp. 
Housh. 

0.077 
0.069 
0.061 

0.021 
0.013 
0.009 

0.271 
0.187 
0.1.54 

0.091 0.034 
0.077 0.021 

-- same as 

0.381 0.086 0.030 
0.273 0.076 0.020 
short-lived assets -

0.351 
0.268 

Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH
Corporate Noncorporate short long short long 
 short long
 

-0.014 -0.008 
 0.008 0.014 0.016 0.029 0.008 0.016 

2. 6% Inflation
 
Short-Lived long-Lived 
 All

Assets 
 Assets 
 Assets
 

Sector SROR 
 GAP ETR SROR GAP 
 ETR SROR GAP ETR
 
Corp. 0.066 0.012 
 0.182 0.080 0.026 0.330 
 0.076 0.022 	 0.290
Ncorp. 0.061 0.008 0.134 
 0.070 0.016 	 0.235 0.069 0.016 0.229
Housh. 0.056 0.009 
 0.162 	 -- same as short-lived assets --


Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH
Corporate Noncorporate short 
 long short long short long
 

-0.014 -0.008 0.004 
 0.011 0.010 0.024 9.005 
 0.013
 

3. 10% Inflation
 
Short-Lived 
 long-Lived 
 All

Assets 
 Assets 
 Assets
 

Sector SROR GAP ETR 
 SROR GAP 	 ETR SROR 
 GAP ETR
 

Corp. 
 0.058 0.005 	 0.091 0.073 0.020 0.271 0.068 0.015 0.224
Ncorp. 0.057 0.005 0.089 0.065 
 0.013 0.196 
 0.064 0.012 	 0.190
Housh. 0.053 0.009 0.167 
 -- same as short-lived assets --


Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH


Corporate Noncorporate short 
 long short long short long
 
-0.014 -0.008 
 0.01 0.008 	 0.005 0.019 
 0.004 0.011
 



Table 8. Effective Tax Rates and the Distortionary Impacts of
 
Capital Income Taxation --- 1986 Tax Reform Act.
 

1. 0% Inflation
 
Short-LiveJ 
Assets 

long-Lived 
Assets 

All 
Assets 

Sector SROR GAP ETR SROR GAP ETR SROR GAP ETR 

Corp. 
Ncorp. 
Housh. 

0.078 
0.068 
0.059 

0.022 
0.012 
0.007 

0.279 
0.182 
0.125 

0.092 
0.076 

--

0.036 
0.020 

same as 

0.390 0.087 0.031 
0.268 0.075 0.020 
short-lived assets -

0.360 
0.262 

Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH


Corporate Noncorporate short long short long 
 short long
 

-0.014 -0.008 --?.009 0.016 
 0.019 0.033 0.009 0.017 

2. 6% Inflation
 
Short-Lived long-Lived 
 All
 
Assets 
 Assets 
 Assets
 

Sector SROR GAP 	 SROR
ETR 	 GAP ETR SROR GAP ETR
 

Corp. 0.084 0.032 0.382 
 0.094 0.042 	 0.091
0.449 	 0.039 0T7.u
Ncorp. 0.071 0.020 0.282 
 0.077 0.026 	 0.076 0.332
0.335 	 0.025 

Housh. 0.052 0.007 0.135 	 same as
-- short-lived assets --


Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 	 C-HH 
 NC-HH


Corporate Non-orporate short long short long short long
 

Y0T2 0.017 0.031 0.041 0.019 0.025 

3. 10% Inflation
 
Short-Lived 	 long-Lived All

Assets 
 Assets 
 Assets
 

Sector SROR GAP 
 ETR SROR GAP ETR SROR GAP ETR
 

Corp. 0.0U--7 0.439 0.093 0.045 0.478 0.091 0.043 0.7
Ncorp. 0. 3 0.C.5 0.342 0.077 0.029 	 0.076 0.371
0.373 	 0.028

Housh. .048 0.007 0.143 
 -- same as short-lived assets --


Intersector Tax Wedge (S and L)
Interasset Tax Wedge (S-L)
 
C-NC 
 C-HH 
 NC-HH
 

Corporate Noncorporate short long short long short long
 

-0.006 -0.007 
 0.014 0.017 0.039 0.045 0.025 0.029
 



Table 9. Welfare Effects of Tax Reform
 
(Billions of 1987 dollars)
 

Rate of Revenue 
 1986 Treasury President's 1986
Inflation Adjustment 
 Tax Law Proposal Proposal Tax Act
 

Lump Sum Tax 
 724.0 1489.6 1691.4 
 1561.8
Labor Income Tax 
 478.2 1468.8 1642.4 1565.0
0% Sales Tax 
 400.3 1452.9 1614.6 1558.7
Individual Income Tax 
 374.5 1456.1 1619.1 1563.1
 

Lump Sum Tax 
 0.0 1907.6 2452.2 448.4
Labor Income Tax 
 0.0 1711.4 2170.4 
 746.9
6% Sales Tax 
 0.0 1600.1 2104.9 901.2

Individual Income Tax 
 0.0 1595.8 2007.9 999.4
 

Lump Sum Tax 
 -477.1 2060.4 
 3015.6 -200.8
Labor Income Tax -333.7 1791.6 2584.7 
 267.3
10% Sales Tax 
 -285.2 1623.5 2356.4 
 517.0

Individual Income Tax 
 -221.9 1604.8 
 2353.1 748.6
 

Note: In 1987, the national wealth (beginning of the year) and GNP
 are projected to be $15,920.2 and $4,488.5 billion dollars.
 



------------------------ ------------------- -------------------
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Table 10. Elimination of Tax Wedges: 1986 Tax Law
 

Capital Stock in the Steadt State of the Reference case (%)
 

Corporate 


short long 

0.0893 0.2563 


Noncorporate 


short long 

0.0185 0.2580 


Household
 

short long
 
0.0909 0.2870
 

Removal of Capital Income Tax Distortions
 

A. 1986 Tax Law
 

Class of 

Assets 


Corporate

short 

long 


Noncorporate
 
short 

long 


Household
 
short 

long 


Social Rate 

of Return 


0.0518 

0.0914 


0.0433 

0.0731 


0.0503 

0.0503 


Effective
 
Tax Rate 


0.0229 

0.4460 


-0.1544 

0.3152 


0.1301 

0.1301 


B. No Within Sector Interasset Wedges
 

Class of 

Assets 


Corporate
 
short 

long 


Noncorporate
 
short 

long 


Household
 
short 

long 


Social Rate 

of Return 


0.0812 

0.0812 


0.0711 

0.0711 


0.0503 

0.0503 


Effective
 
Tax Rate 


0.3762 

0.3762 


0.2960 

0.2960 


0.1301 

0.1301 


ITC + T.Z
 

0.5395
 
0.3257
 

0.3510
 
0.1409
 

0.0000
 
0.0000
 

ITC + T.Z
 

0.4652
 
0.3942
 

0.2552
 
0.1641
 

0.0000
 
0.0000
 



Table 10. Elimination of Tax Wedges: 1986 Tax Law (Continued).
 

C. No Intersector Wedges: Business Assets
 

Class of 

Assets 


Corporate
 
short 

long 


Noncorporate
 
short 

long 


Household
 
short 

long 


Social Rate Effective 
of Return Tax Rate 

0.0504 -0.0052 
0.0822 0.3840 

0.0504 0.0068 
0.0822 0.3913 

0.0503 0.1301 
0.0503 0.1301 

D. No Intersector Wedges: All Sectors
 

Class of 

Assets 


Corporate
 
short 

long 


Noncorporate
 
short 

long 


Household
 
short 

long 


Social Rate 

of Return 


0.0503 

0.0708 


0.0503 

0.0708 


0.0503 

0.0708 


Effective
 
Tax Rate 


-0.0062 

0.2844 


0.0058 

0.2930 


0.1311 

0.3821 


E. No Tax Wedges: All Assets, Business Sector
 

Class of 

Assets 


Corporate
 
short 

long 


Noncorporate
 
short 

long 


Household
 
short 

long 


Social Rate Effective 
of Return Tax Rate 

0.0767 0.3397 
0.0767 0.3397 

0.0767 0.3476 
0.0767 0.3476 

0.0503 0.1301 
0.0503 0.1301 

ITC + T.Z
 

0.5432
 
0.3873
 

0.3267
 
0.0341
 

0.0000
 
0.0000
 

ITC + T.Z
 

0.5433
 
0.4639
 

0.3268
 
0.1677
 

-0.0002
 
-0.3766
 

ITC + T.Z
 

0.4766
 
0.4243
 

0.2358
 
0.0985
 

0.0000
 
0.0000
 

ITC: investment tax credit T: tax rate at the firm level
 
Z: present value of capital consumption allowances
 

Note:
 
1. Steady State Allocation of Capital in the base case is used
 

as the weights.
 
2. The annual rate of inflation is assumed to 6%.
 



Table 10. Elimination of Tax Wedges: 1986 Tax Law (Concluded).
 

F. No Tax Wedges: All Assets, All Sectors.
 

Class of 

Assets 


Corporate
 
short 

long 


Noncorporate
 
short 

long 


Household
 
short 

long 


Sociml Rate 

of Return 


0.0667 

0.0667 


0.0667 

0.0667 


0.0667 

0.0667 


Effective
 
Tax Rate 


0.2408 

0.2408 


0.2499 

0.2499 


0.3444 

0.3444 


ITC + T.Z
 

0.5019
 
0.4911
 

0.2703
 
0.2152
 

-0.0666
 
-0.3020
 

G. Corporate Tax Integration: Apply Noncorporate Social Rates of
 
Return to Corporate Assets
 

Class of 

Assets 


Corporate
 
short 

long 


Noncorporate
 
short 

long 


Household
 
short 

long 


Social Rate 

of Return 


0.0433 

0.0731 


0.0433 

0.0731 


0.0503 

0.0503 


H. Zero Effective Tax Rates 


Class of 

Assets 


Corporate
 
short 

long 


Noncorporate
 
short 

long 


Household
 
short 

long 


Social Rate 

of Return 


0.0506 

0.0506 


0.0500 

0.0500 


0.0437 

0.0437 


Effective
 
Tax Rate 


-0.1684 

0.3069 


-0.1544 

0.3152 


0.1301 

0.1301 


(ETR-0)
 

Effective
 
Tax Rate 


0.0000 

0.0000 


0.0000 

0.0000 


0.0000 

0.0000 


ITC + T.Z
 

0.5610
 
0.4486
 

0.3510
 
0.1409
 

0.0000
 
0.0000
 

ITC + T.Z
 

0.5425
 
0.5986
 

0.3279
 
0.4100
 

0.0265
 
0.1202
 

ITC: investment tax credit T: tax rate at the firm level
 
Z: present value of capital consumption allowances
 
Note: 	1. Steady State Allocation of Capital in the base
 

case is used as the weights.
 
2. The annual rate of inflation is assumed to 6%.
 



Table 11. 
 Welfare Effects of Tax Distortions
 

(Billions of 1987 dollars)
 

1. Wthin Sector Interasset Distortion
Lump Sum Tax Adjustment

Labor Income Tax Adjustment

Sales Tax Adjustment

Individual Income Tax Adjustment
2. Intersector Distortion: C and NC Sectors
Lump Sum Tax Adjustment

Labor Income Tax Adjustment

Sales Tax Adjustment

Individual Income Tax Adjustment 


3. Intersector Distortion: All Sectors
Lump Sum Tax Adjustment

Labor Income Tax Adjustment

Sales Tax Adjustment

Individual Income Tax Adjustment 


1986 Law
 

443.9
 
248.1
 
168.7
 
70.2
 

-93.3
 
-416.7
 
-523.8
 
-715.5
 

2262.6
 
2156.9
 
2118.6
 
2067.7
 

4. No Tax Distortion: C and NC Sectors, All Assets
Lump Sum Tax Adjustment 

326.4
Labor Income Tax Adjustment


Sales Tax Adjustment 69.2
 
-29.1
Individual Income Tax Adjustment 
 -169.7
 

5. No Tax Distortion: All Sectors, All Assets
Lump Sum Tax Adjustment

Labor Income Tax Adjustment

Sales Tax Adjustment

Individual 
Income Tax Adjustment 


6. Corporate Tax Integration

Lump Sum Tax Adjustment

Labor Income Tax Adjustment

Sales Tax Adjustment

Individual 
Income Tax Adjustment 


7. Consumption Tax Rules 


2663.7
 
2603.9
 
2572.4
 
2547.2
 

1313.1
 
493.4
 
238.1
 

-274.5
 

(Zero Effective Tax Rates)
Lump Sum Tax Adjustment 

3853.9
Labor Income Tax Adjustment 

2045.4
Sales Tax Adjustment 

1749.3
Individual Income Tax Adjustment 
 2045.4
 

8. Consumption Tax Rules (Zero Effective Tax Rates)
No Sales Tax 
on Investment Goods
Lump Sum Tax Adjustment 

4128.1
Labor Income Tax Adjustment 

1988.0
Sales Tax Adjustment


Individual 1722.1
Income Tax Adjustment 
 1988.0
 
Note: Inflation is 
 ixed at 
6% per year.
 



Coments by Ken Judd on
 

Tax Policy and U.S. Economic Growth
 

by Jorgenson and Yun
 

I must first say that Professors Jorgenson and Yun are to be
 

congratulated for the impressive study which they have prepared
 

for us. It is an ambitious analysis of important public policy
 

issues. They have endeavored to examine a broad set of issues
 

concerning the impact of tax policy on the U.S. economy, and to
 

do so in a theoretically sound fashion.
 

In summary, Jorgenson and Yun have extended the perfect
 

foresight, representative agent model of dynamic general
 

equilibrium by replacing the single good specification with one
 

allowing for many goods and many assets. 
 This extension allows
 

them to analyze various interasset and intersectoral tax issues.
 

This is an important addition since much of the debate over the
 

recent changes in tax law concern the value of a "level playing
 

field," that is, a structure wherein assets and goods are taxed
 

in a uniform fashion, and the importance of reducing the cost of
 

capital. The numbers presented in this study indicate that the
 

level playing field effects of the recent tax changes are
 

substantial, as important as cost-of-capital effects.
 

My comments will focus on real-world considerations which
 

are not modelled in their simulation analysis and the biases
 

thereby generated, indicating points where this model is probably
 

not reliable. 
I will have nothing to say about the empirical
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analysis which underlies the simulation since the principle of
 

comparative advantage strongly implies that I be silent.
 

Finally, I should point out that these comments apply equally
 

well to much of the literature on dynamic tax incidence, not just
 

to the Jorgenson-Yun paper before us. 
 The Jorgenson-Yun analysis
 

is state-of-the-art work, but there are many directions along
 

which the art can be advanced.
 

On the methodological side, I have one complaint. 
Just as
 

an econometric analysis of data would report standard errors
 

along with point estimates, I argue that any analysis of tax
 

burden based on that econometric analysis should also report
 

standard errors for the estimates of the benefits of tax reform
 

as well as point estimates. In both cases standard errors are
 

needed because we can never be completely certain about our point
 

estimates and different estimates about the structural parameters
 

may imply substantially different values for the welfare effects
 

of the policy alternatives examined here.
 

Furthermore, not only is there uncertainty about wit this
 

particular study with its data and econometric analysis can
 

conclude, there is also considerable disagreement among various
 

techniques which have been used to estimate these parameters.
 

Since the simulation anlaysis is operationally disjoint from the
 

econometric analysis, using it only for calibration purposes, the
 

simulation analysis should consider cases which are suggested by
 

these other studies. For example, a critical parameter in these
 

studies is the intertemporal elasticity of substitution in
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consumption. Jorgenson and Yun use a value in excess of unity
 

(with a small standard error) whereas Hall argues for a value of
 

about .1, a value which would argue for much lower excess burden
 

numbers for capital taxation. There are also wildly different
 

estimates of the critical labor supply elasticities.
 

Ideally, a simulation study should be interesting and useful
 

to all readers who believe in the hypothesized structure, not
 

just those who also subscribe to a particular empirical estimate
 

of that structure's parameters. It may be felt that this would
 

result in hopeless disagreement about the basic issues. 
 Ir this
 

case, however, that would probably not be the case. In my
 

examination of factor income taxation (Journal of Political
 

Economy, 1987) I found that while the magnitude of the excess
 

burden of taxation was affected by alternative parameter
 

specifications, the ranking of various policy changes and the
 

direction of efficiency-improving policies were not affected.
 

Given this robustness of the qualitative conclusions, there is no
 

need to settle the econometric issues in order to decide the
 

critical issue of the desirable direction of policy changes.
 

The paper's results were generally well-explained and
 

yielded useful estimates of the benefits of tax reform. 
However,
 

some of the paper's results surprised me and I found no explana

tion for them. In particular, the estimates of the cost of labor
 

taxation, about a dollar per dollar of revenue, are unusually
 

high. Since the underlying compensated elasticity of labor
 

supply is about .6 and the tax rate is about .25, the standard
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rule-of-thumb approximation for total burden (one-half of the
 

product of the compensated elasticity of labor supply and the
 

square of the tax rate) is .0375, and the approximation for the
 

marginal excess burden is .15. 
 Since these static approximations
 

are roughly correct in highly aggregated dynamic analyses, such
 

as Judd (1987), the large numbers computed here must arise from
 

some intersectoral and/or interasset effects. 
While it is always
 

difficult to trace through the workings of a general equilibrium
 

model, it would be interesting to find exactly what aspect of
 

this model yields such a high welfare cost for labor taxation.
 

Next, I will consider several substantive issues concerning
 

this analysis. They include the importance of human capital, the
 

correct treatment of capital gains taxation, adjustment costs in
 

investment, and the temporary nature of real-world tax reform.
 

Some of these problems can be handled within the framework
 

presented here, but some are well beyond the current technology.
 

First, in light of this conference's focus on human capital
 

formation, it should be noted that these results would likely be
 

substantially altered if human capital formation were modelled as
 

well as physical capital. Driffill and Rosen (International
 

Economic Review, 1985) used a partial equilibrium analysis to
 

show that the excess burden of income taxation was substantially
 

altered (increased by a factor of two to five) when human capital
 

formation was included. 
I suspect that this would substantially
 

affect the marginal excess burden of the relative value of labor
 

income taxation if inrluded here. Incorporating labor taxation
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into the human capital formation models described elsewhere at
 

this conference is a straightforward exercise and I anticipate we
 

will soon have some more precise information about this issue.
 

On the other hand, this conference has also focussed on the
 

impacts of taxes on growth rates in models with linear
 

technology. 
The papers of Eaton (Review of Economic Studies,
 

1981) and Hamilton (Public Finance, 1987) indicate that the
 

magnitude of the excess burden of capital income taxation is not
 

substantially affected as we move from the decreasing returns to
 

a constant returns world.
 

Second, one of the more important changes in the 1986 act
 

was the elimination of the exclusion for long-term capital gains.
 

Jorgenson and Yun used standard arguments to represent the entire
 

income tax system with an accrual e!Tivalent; such a reduction
 

ignores the fact that capital gains taxes are paid only when the
 

cwner chooses to realize the asset. 
I have serious reservations
 

about the reliability of this treatment of capital gains
 

taxation. 
Whenever the realization aspect of the capital gains
 

tax regulations has been modelled, the conclusion is that capital
 

gains taxz.tion does not behave like accrual taxes, strongly
 

indicating that reliable accrual approximations are not possible.
 

For example, Constantinides and Scholes (Journal of Finance,
 

1980) argue that investors prefer large tax rates to small since
 

the resulting tax arbitrage opportunities are larger. Also, Dr.
 

Yves Balcer and I have shown (Journal of Finance, 1987) that an
 

increase in capital gains tax rates may increase savings even
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when an increase in the corporate income tax rate would reduce
 

capital formation. 
Since the effects of accrual and realization
 

taxes may differ even 
in sign, it is doubtful that this accrual
 

approximation is at all reliable. 
Furthermore, the capital gains
 

tax is also a tax on transactions as well as on income since it
 

imposes a cost on investors whenever they want to alter their
 

portfolio; Kovenock and Rothschild argue that this is a
 

substantial cost which is ignored in conventional cost of capital
 

calculations. These observations are 
important for the
 

Jorgenson-Yun analysis since they model this part of the 1986 act
 

as a two percentage point change in the effective tax rate of
 

taxation, a nontrivial part of the change in the cost of capital
 

induced by the 1986 act.
 

Third, this analysis assumes that capital is perfectly
 

malleable, abstracting from costs in shifting capital stock
 

across sectors. In particular, this assumes that if the
 

deduction of mortgage interest were ended today then in 
a matter
 

of months a substantial fraction of the housing stock would be
 

converted into new equipment in new factories. Similarly, if
 

interasset distortions are eliminated today, then it is assumed
 

that in a short time much of the existing equipment (the
 

currently favored asset class) would be converted into
 

structures. 
This is surely an unrealistic description of how
 

rapidly the economy can shift assets across sectors and assets.
 

A more reasonable analysis would treat each asset in each sector
 

as 
a separate state variable and model the costs of shifting.
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While this would be a nontrivial extension of the simulation
 

model used here, basic intuition indicates strongly that this
 

would substantially reduce the efficiency gains from eliminating
 

interasset distortions and mortgage interest deductions.
 

Fourth, implicit in the analysis of past and proposed future
 

tax changes is the assuiption that all agents believe that they
 

are permanent. 
On the contrary, tax rates and regulations change
 

frequently and, as far as I can tell, randomly. 
 Casual reading
 

of press reports indicate that many people believe that the
 

current low rates are temporary. 
I also know many economists
 

agree with this, particularly those who are not known advisors of
 

active Presidential candidates. 
Analyzing alternative
 

specifications of agent beliefs about the durability of tax
 

changes is within the two-point boundary value problem simulation
 

technique which Jorgenson and Yun use. 
 In earlier work (Journal
 

of Political Economy, 1987) I showed that the relative efficacy
 

of various policies was altered under different expectations; for
 

example, a suspension of investment incentives which is believed
 

to be, and turns out to be, temporary is particularly bad since
 

both tax revenues and efficiency declines. Furthermore, given
 

the limited nature of the commitment of the U.S. government to
 

any tax law, it could be that the current tax structure is a
 

political equilibrium and that the only way to effect tax reform
 

is to change the nature of the political decisionmaking process
 

and/or the set of permissible tax instruments.
 

In summary, I found this genera]. equilibrium tax reform to
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be a subsantial advance in the techniques of tax analysis. 
It is
 

important to bring these sophisticated econometric and simulation
 

techniques into tax analysis exercises since they can discipline
 

the debate on tax policy. There is much yet to be done to
 

improve the art, but I think that this exercise shows that much
 

can be done with standard economic analysis.
 



Comments on the paper by Dale W, Jorgenson and Kun-Young Yun. "Tax Reform
 

and US, Economic Growth":
 

by:
 
Christophe Chamley
 

The approach of Jorgenson and Yun defines the current frontier in the
 

analysis of tax reform in a dynamic context. By allowing for a high degree
 

of disaggregation between the different tax instruments on 
the incomes of
 

capital, while retaining full intertemporal optimization, this approach is
 

particularily well suited to the issues that are considered here, i.e. the
 

reform of the tax treatment of different assets.
 

We cannot untangle here the complex machine that is used.
 

Nevertheless, the purpose of this study is to evaluate policy proposals, and
 

policy advising needs to rely on some 
intuitive exposition if it is to be
 

effective. I will therefore attempt to discuss the results from an
 

intuitive point of view. 
I will comment mainly on the analysis of the
 

directions for tax reforms and the numerical results in Tables 9 and 10
 

because they reveal the main features of the model. More specifically, I
 

will consider (1) the analytical method for the analysis of the removal of
 

atemporal tax wedges between assets, 
 (2) the removal of the atemporal
 

wedge between the business and the household sector ; this is the most
 

efficient direction for tax reform and it has important consequences for the
 

evaluation fo the four tax laws that are presented in the first part of the
 

paper. 
 (3) Finally, I will add a few miscallenous remarks.
 

1. Jorgenson and Yun introduce a distinction between the atemporal
 

and the intertemporal tax wedges. This distinction is useful because it
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provides a tool to compare some tax impacts in static and dynamic models.
 

For example, Harberger, in his celebrated analysis of the corporate tax,
 

has measured the efficiency gain that would be obtained by equalizing the
 

tax rates in the corporate and the non corporate sector, for a given level
 

of total capital. If there were no incidence of this reform on the level of
 

savings and capital accumulation, one could presumably use the "static"
 

result as an approximation by assuming that the economy is on a balanced
 

growth path and discounting the flow of static gains at instant back to the
 

time of tax reform. However, this method is not appropriate if the 'tax
 

reform induces a change of balanced growth path.
 

Jorgenson and Yun take into account the dynamic impact of the tax
 

changes. They define the elimination of the atemporal tax wedge between two
 

(or more) assets by the equalization of their social rates of return, at a
 

level that is the average of the rates of returns under the old (1986) tax
 

law, where the weights are determined by the levels of assets before the tax
 

change. This method does not raise much difficulty when the elasticities of
 

demand for capital with respect to the cost of capital in the two sectors
 

have similar values. However, if the elasticity of demand for capital, say
 

in the non corporate sector, is much higher than in the corporate sector,
 

the average elasticity of demand for capital increases. Therefore, at a
 

given average effective tax rate, the intertemporal efficiency cost
 

increases. In summary, the method removes the atemporal wedge, but it
 

affects the intertemporal efficiency cost if different sectors have
 

different elasticities of demand for capital.
 

An example of this effect is given by the elimination of intersector
 

wedges in business assets (panel C of Table 10, and panel 2 of Table 11).
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It is illustrated here by the Figures 1 and 2, which are approximations of
 

the model. The removal of the tax wedge reduces the effective rate in the
 

corporate sector and increases it in the non corporate sector. In the type
 

of model that is used by Jorgenson and Yun the long-run supply of capital is
 

infinitely elastic and the private rate of return (net of taxes) is
 

exogenous. Its level is defined by p in the figures. Before the tax
 

reform, the gap between the social and the private rates of return in the
 

corporate sector, r0-p, is determined by the effective tax rate. There is
 

no such gap in the non corporate sector that is assumed to be untaxed for
 

the sake -f exposition.
 

After the equaltization of the social rates of return in the two
 

sectors, two effects occur:
 

(1) At the time of the tax reform assets are reallocated instantly
 

from the non corporate to the corporate sector. The level of corporate
 

capital increases from k0 to kl, and the level of non-corporate capital
 

decreases from n0 to nI . Note that the social rate of return of capital
 

decreases from r0 to rl, which is lower than the long-run value r*. This
 

occurs because the elasticity of demand for capital in the non corporate
 

sector is higher than in the corporate sector. If the effective tax rate on
 

capital income is constant over time, the net private rate of return after
 

the tax reform is lower than the long-run rate p. The efficiency gain is
 

represented by the area ABCD and is the Harberger efficiency gain.
 

(2) The second impact is a gradual fall of the level 6f capital in
 

both sectors after the tax reform. This fall occurs because the private
 

rate of return is lower than the long-run rate that is determined by the
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long-run supply of capital. The efficiency cost of this reduction of
 

capital is measured by the gap between the social rate of return and the net
 

rate of return at each instant of time. It is a equal to a fraction of the
 

two areas represented in Figure 2. With the parameters of the model, I
 

would venture that thiq fraction may be equal to about one half. The total
 

efficiency effect is equal to the sum of the flow of the "Harberger effect"
 

(discounted), wich has a positive impact on efficiency and of the efficiency
 

In Table 11, the total effect is negative
loss represented in Figure 2. 


because of the relatively high elasticity of the demand for capital in the
 

non corporate sector.
 

Note that the same diagram shows also that the tax reform has a
 

negative impact on the revenues from the taxation of capital income in the
 

business sectors. When the revenue loss is matched by an increase of the
 

labor income tax, the efficiency loss is greater because of the additional
 

tax wedge between consumption and leisure (panel 2 of Table 11).
 

2. A. The main result of the analysis of the directions for tax
 

reforms is that the largest efficiency gains are obtained by an equalization
 

of the atemporal tax wedge between assets in the business sectors and in the
 

The numbers in Table 11 show that this efficiency
household, respectively. 


gain is almost the same with the lump-sum tax and the labor income tax
 

adjustments. We can therefore infer that the revenue impact of this reform
 

is relatively small and that the elasticities of the demand for capital in
 

the business sector (taken as a whole) and the household sector are roughly
 

equal. The argument of the previous paragraph which was illustrated in
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Figures 1 and 2 shows also that the impact of the equalization of the tax
 

wedges in all sectors has a relatively small impact on the net rate of
 

return at the time of the reform and therefore on the level of total
 

capital.
 

This implies that the equalization of the tax wedges is similar to the
 

Harberger analysis, and that the dynamic effects may not be significant. If
 

the impact on total capital accumulation is relatively small, the transition
 

to a new steady state is negligeable and we can apply the tools of a static
 

analysis. In this case, the welfare gain of the equalization of the social
 

rates of returns between a taxed sector (corporate or business), and an
 

untaxed sector (non corporate or household) is approximated by the formula
 

AW-.5*AK*(rl-r0)/(p-g) , where AK, rl,r0 ,p and g represent the maginitude of
 

the reallocation of capital, the social rates of return in the taxed and the
 

untaxed sector, the net private rate of return and the growth rate,
 

respectively. This formula is obviously a very rough approximation and
 

cannot do justice to the effects that a taken into account in the model of
 

the paper. It provides nevertheless some guidance.
 

From the numbers in Tables 10 and 11, one can infer that the ratio (rl

r0)/(p-g) is about equal to one and that the decrease of capital in the
 

household sector is about equal to 4 trillion. Since the total level non
 

human capital is equal to 16 trillion and household capital is about 40
 

percent of this value, the level of the reallocation of assets is a very
 

large fraction of household capital, greater than one half. Such
 

computation is rather crude but it is unlikely that a full general
 

equilibrium model would produce different stylized facts. The magnitude of
 

(/
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this reallocation, which occurs instantly at the time of the reform, seems
 

to be too large to ignore the cost of transition. Such costs are not taken
 

into account in the model but they would lower the welfare gain of tax
 

reform as other studies have shown, (Bovenberg).
 

B. The other results in Table 11 show that a complete removal of
 

all taxes on capital on capital income with an increase of t,.e labor tax to
 

keep revenues constant, is not as efficient as the equalization of the
 

atemporal tax wedges. This may be due to the following effect: The zero
 

effective tax rates remove, by and large (see below), all atemporal and
 

intertemporal wedges on the incomes of capital. However such a reform
 

implies a loss of tax revenues on the assets that are already in place at
 

the time of the tax reform. The taxation of these fixed assets is
 

equivalent to a lump-sum tax. The zero rating of all capital taxes implies
 

therefore the loss of this lump-sum tax that has to be matched by an
 

increase of the labor income tax and of its efficiency cost. In some cases,
 

this effect may exceed the efficiency gain that is induced by the removal of
 

the intertemporal tax wedge.
 

C. These results may help to explain why the 1986 Tax Reform Act
 

produces smaller gains than the Treasury or the President's proposal. The
 

Tables 5-8 show that the Reform Act increases the gap between the social
 

rates of return in the business and the household sector (in the case of a
 

6% inflation rate), while the two other proposals reduce this gap.. For a
 

more detailed analysis of all the tax proposals one would like to have a
 

measure of the welfare impacts of the various tax changes. This work could
 

be undertaken iiL the future.
 

(fk
 



3. I have finally two minor comments:
 

A. The same argument as in 2.B suggests that a shift to a sales
 

tax on consumption goods (excluding investment goods), 
is more efficient 

than a shift to a labor income tax. This is apparently contradicted by the 

results in Table 11 (pane]. 8), which is puzzling. 

B. The removal of the atemporal tax wedges and reduction to zero
 

of all effective tax rates 
on the incomes of capital is not equivalent as
 

one can see in Table 10. This is due to different leverage ratios which are
 

exogenous in the model. 
 Therefore, the no-tax equilibrium is not a social
 

optimum. Furthermore, some 
tax policy (in fact a tax on household capital)
 

is socially efficient. 
In this model, the government has some technological
 

advantage over 
the private capital markets in the allocation of capital.
 



Figure 1 
CORPORATE SECTOR NON CORPORATE SECTOR 

.................
 .......
r.... . ..... 

k k 

n 0 

- JUSTrENT 	AND EFFICIENCY GAIN AT TIME ZERO 

Figure 2 

r 0 
r .... .............. 

., 

............ 

p1 . . ..................... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

as..:.............. 

.. 

k n n .. nk 

DYNAMIC ADJUSTMENT AND EFFIENCY COST AFTER 

TIME ZERO 



Success or Failure in Economic Takeoff
 

S. C. Tsiang

Chung-Hua Institution for Economic Research
 

Conference 
on 
"The Problem of Development,,
May 27-29, 1988

Buffalo, New York
 



Success or Failure in Economic Takeoff 

S. C. TsiangO
 

The 1987 Nobel laureate, Prof. Robert Solow, was awarded this 

high honor for his important contributions to the theory ,of
 

economic growth among many others. His original model of economic 

growth published in 1956 served as the basis for many subsequent 

works on the theory of growth.
 

More significantly, Solow's model is the first 
important one
 

which broke off with the then prevalent Keynesian demand-oriented 

growth theory which maintained that it was the expanding effective
 

demand that constituted the motive force of economic growth. 
What
 

Solow's model clear thatmade Js it is the expansion of the 

productive capacity of its factors of production that constitutes 

the real growth of a country. It has thus contributed greatly 

towards weakening the baneful influence of the Keynesian type of 

growth policy which seeks to stimulate growth merely by 4xopanding 

effective demand.
 

For the study of economic development starting from a very
 

underdeveloped state, however, Solow's hav some
model still 


shortcomings. His model has difficulty explaining why some 

underdeveloped countries tend to be trapped at a low level of 

stagnation and unable to break loose therefrom, whereas others 

The author is indebted to Drs. Shou-hslang Liu and Hut-lin Wu 
for their statistical assistance. 
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have been able to free themselves from similar traps and
 

to continae on to a self-sustained growth In terms of real income 

per capita.
 

This latter phenomenon was designated very picturesquely us
 

the 'takeoff* by W. W. Rostow (Routow, 1981). It Is very
 

desirable for us to have a theoretical model capable of explaining
 

this phenomenon, so that the oevelopment policies of 

developing countries can be discussed and Judged for their 

appropriateness within its frazework.
 

The Solow model fails to perfora this role because it
 

contains several unrealistic assumptions, as a result of which the 

model would show that every country would be able to grow
 

economically by its own Internal forces, 
and that the rate-of
 

growth, which would be relatively high at first, would 
eventually
 

settle down to the exogenously given rate of 
 its own population
 

growth. It is thus unable 
to 
 explain why a poor undeveloped 

country would tend to experience some difficulties In breaking 

loose from an initial low income trap. 

The unrealistic assumptions of Solov's model ,In my opinion, 

are: 

(a) In his model, land (or natural resources In general) was 

assumed to be either non-essential for production, or unlimited in 

supply (as in Ethiopia, as claimed by Solow). To us economists
 

coming from East
the Asian 
countries with great populition
 

pressure on land and a 
scarcity of natural resources, this
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assumption Is outrageously unrealistic.
 

(b) Population growth was assumed to remain at a constant 

exogenous rate, independent of economic factors. 
This assumption 

-teams obviously untrue In developing countries vhere modifieda 


Halthuslan mechanism seems to operate. 

(c) The propensity to save was assumed to a
be given
 

constant, independent of the income level as well as the 
rate of
 

interest or 
the rate of return on investment. 

This assumption is again unacceptable to those of us who have 

observed with our own eyes that the propensity to save in a
 

country, such as Taiwan, could change from a mere 5% to 40%.
 

I have therefore replaced these assumptions with others that 

seem to be more realistic in developing countries. First, 
 land
 

(representing all 
natural resources) is added as 
an essential
 

factor of production In the aggregate production 
function In
 

addition to labor and capital, the only 
factors in Solow's
 

production function.
 

The aggregate production function used In our model remains is.
 

simple one-commodity function of the Cobb-Douglas type, such as
 

(1) Y - AKa(t)LP(t)N '(t exp(f0 g(T)dT), 

where K, L, and N stand for the total amounts of capital, 

labor and natural resources (land), respectively, and A is a 

constant. The parameters a, 1, and y are not supposed to be given 

constants but to be variable over time In accordance with the 

biased nature of technical progress, but are always subject to 
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the constraint that 

(2) a(t) *P(t) + T(t) = 1.
 

at all times. Since we lack the knowledge of the law governing 

t-e variations in these technological parrameters, we shall for the 

present assume them to be exogenously determined in our model. 
a 

Assuming that N, the amount of natural In a givenresources 

country, Is inaugmentable, the rate of growth of output in general 

is then 

(3) Y/Y w y ,- + Pt + g*, 

where y - Y/Y, k -/K, t , L/L, 

and
 

(4) g" - g + alogK + PlogL + 7logN,
 

Obviously, g', the net effect of technical progress on the rate of
 

growth of output, might be biased towards different factors 

of production in different manners at different times, subject to 

the constraint that 

(5) P + 7 n0 

at all times. When technical progress is strictly neittral, 
 a, /
 

and 7 will all be zero, and g* will be identical with g.
 

Secondly, the rate of growth of population, and hence the 

rate of growth of labor which -4e assume for the sake of simplicity 

to be a constant proportion of the total popujlation, is assumed 

to be a function of the current real wage rate, or the real income 

of labor, In the neo-Malthuslan manner, such that
 

(6) Lt=L exp(ftfyL dT), 
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where t, the rate of growth of population (and labor supply). is 

written as a function of the marginal productivity of labor, YLe
 

which we assume to be equal to the real wage rate.
 

The form of this function, however, is understood not to be a
 

monotonic rising function of real Income. During the first stage,
 

it would be increasing rather fast with the increase in real
 

income on account of the decline in the death rate. 
 As real 

income per worker rose higher and higher, the awareness of the 

advantages of family planning would be more prevalent. Then 

the rate of growrth of the population would stop increasing
 

and might even start to decline following further increases in
 

the real wage rate.
 

If we use R to represent the capital/labor ratio K/L, r Its
 

rate of growth, and Y the output per worker Y/L, with y its rate
 

of growth, then
 

(7) - - Md g V 

dt 
Moreover, we shall follow Solow in making the classical 

assumption that the savings of the community always result in 

equal increases in capital, so that in a closed economy

(8) =K/L,
 

where S Is the average saving per capita as in Solow's model.
 

Thus
 

(9) R 1RtK.L 

L L L 

When we later on extend this model to open economics,
 

however, (8) would have to be amended to
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(8') s + (M- X)/L . /L, 
and (9) to be amended to 

9,) R =[ (M x)/Ll it 
where H and X are total imports and exports Of the country
concerned in 
terms of the real Income units.
 

With our new assumptions about the function 
Population growth, 

of the rate of 
we may redraw the R1 curve for a given leveltechnology ofand size of Population (the rt curve in Solow'sdiagram) as in Figure 1. It takes on Its pa-rtlcular shape because
t 
would be ne,7ative for very low (below subsistence) levels of y,
and hence for very low values of R, and then rise to a positive

maimum, beyond which It would tend to fall.
 
Similarly, with a given level of technology and Population,the average 
saving 
per capita, 
S. may also 
be treated
function as aof average Income per head, V, the marginal productivityof capital, aY/R, and the share of capitalists' and landowners'earnings 
in the national 
 income 
which, 
with 
a Cobb-Douglas
production 
 function, 
 can be represented 
 by 
 the Parameters
 

Thus with given technology and size of Population,
 
= S{Y, l /) therefore reduces to a function of R.
This 
 S curve, however, will not be Simply a curveproportionately 
below 
 Y curve,
the as drawn by Solowdiagra-m. In his
It will start from a negative value on the vertical axisand rise with the increase in R (hence Y). It will rise into thepositive quadrant as i increases 
beyond 
the mere 
subsistence
 

Sj
 



level, but the positive slope of the S curve Is likely to taper
 

off as R grows larger and larger because of the diminishing
 

marginal productivity of capital, which not only may have on.
 

adverse effect on the inducement to save, but also implies that V
 

Itself will rise increasingly more slowly with a given increase In
 

R. 

R-S-RL
 

I2 

1 
R 

Figure 1
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It is very likely that these two curves will Intersect more 

than once, as shown in Figure 1, creating stable a well 

as unstable equilibrium points. Three such points are depicted in 

this diagram, of which I and 3 are unstable equilibria, and of 

which 2 Is a stable one. This is because a deviation in either 

direction of R from R or R3 , corresponding to intersections I or 

3, respectively, would bring about changes in R, i.e., R, as 

measured by the vertical distance between the S and Rt curves, 

pushing it further away from RI or R3, as the case may be, whereas 

small deviations in either direction from 2 would bring about
 

changes in R returning it to the initial equilibrium position.
 

An undeveloped country before achieving its economic takeoff
 

may be characterized as an economy that is trapped in a low income
 

stable equilibrium, such as 2. where the corresponding
 

capital/labor ratio R2 yields a real wage rate that is close to
 

the bare subsistence level (i.e.. the real wage rate that
 

corresponds to the point of intersection of the Rt curve with the
 

horizontal axis). The basic problem of economic development is
 

how to raise the capital/labor ratio in the underdeveloped country
 

to a level beyond R3. from which it will take off into
 

self-sustained growth until perhaps some possible high-level
 

equilibrium point is reached (not shown in this diagram).
 

There are four possible ways in which the hump on the way to
 

the takeoff point may be cleared:
 

(1) The Rl curve may be lowered by decreasing the net reproduction 

B
 



rate of the population at each level of per capita income, which
 

would narrow the gap between 2 and 3, and eventually make them 

merge into one point and then disappear. Once 2 and 3 merge into 

a single point, which will be stable on the left hand side, but 

unstable on the right, then it will be very easy to cross over and
 

to take off therefrom into continuous self-sustained growth.
 

(2) The S curve may be raised upward by increasing the propensity 

to save by means of propaganda and tax incentives. This will have
 

the same effect as lowering the Rt curve. Of course, both 

measures can be carried out at the same time to speed things up. 

(3) R might be increased forcibly and quickly beyond the hump by
 

an injection of additional capital from outside or from forced 

exertion on the part of the domestic population (as in the case of
 

the so-called "Great Leap Forward" once attempted by the People's
 

Republic of China).
 

(4) The production function can be raised by introducing more
 

advanced technology or by engaging in increased international 

division of labor through the liberalization of foreign trade.
 

As the production function is involved in both the R and the
 

curves, an increase in productivity would bothshift curves 

upwards. It is likely, however, that the S curve would shift 

upwards to a much greater extent than the R1 curve for a given 

improvement in except thetechnology, when technological cI.ange 

is significantly biased in favor of labor and against capital.
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Footnote
 

1. 

This may be demonstrated In the following.
 

Both the Rt and S 
 curves are drawn in our diagram as 
two-dimensional curves, but In fact both R and S are functionsof other variables also, e.g., the state of technology and thesize of population, 
which are treated 
in the short run as
parameters. When these parameters change, the two curves will both

shift in this two-dimensional space.


Let us first take the R1 curve. The equation that underlies 
this curve is a N7 t 
(10) 
 R1 - Rtf{Y) Rt{A.R T()expfog(T)dt)" 

Differentiating 
this equation logarithmically 
with respect to
time, and making use of equation (6) above, we obtain
 
(11) r + i - r + 71(cr + g - V1 + )* 
where r Is the rate of change In the capital/labor ratio; 2 is the
rate of change In the rate of increase in labor supply; iu therate of cha-nge in the parameter P for the fctor labor in theaggregate production function; 7)Is the elasticity of the response
of the population growth rate to real
the wage rate, I.e.,
 

7 -- d- and g as defined above, Is the net effect of
 

I d( Y)
 
technological improvexents 
 on the growth rate of output allowingfor all thblr biases towards different factors 
of production.
Equation (10) sums up how all the variables involved in the Rcurve would change In relation to each other.


Now let 
us suppose that we hypothetically hold r, the rate of
change of R, at zero, and examine how Rt would change in responseto changes In other variables other than R. 
Then from (11) we get

(11' 17 (go - 7t,+i 

rio 
which, so long as the elasticity of population response Ispositive, will take the sign of the terms inside the brackets.This equation will thus indicate the extent of the shift In the R
curve at each given abscissa on the R axis.

Similarly, from the equation underlying the S curve, i.e., 
S S{Y czY/R, P), 

we can obtain through total logarithmic differentiation
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(12) S - C y +C k(a + -r) + C 

W C- (tar + g* - 71) + e (; + ar + g- t-r) + c. 
Y Y k 

Setting r to zero hypothetically, we get
 

(12'') sl l Cc e" )(g -t 

¥k
 

r-O
 

This equation would indicate how the S curve would shift

vertically at each abscissa on the R axis In response to changes 
in other variables apart from R.
 

Comparing equation (11') with equation (12'), we can see that
 
technological progress big enough to overcome the adverse effects
 
of* the growing population pressure on land, i.e., a positive 
(g -rt), will shift both the Rt and S curve upwards, since for a 
poor developing country the relevant elasticities, 7), cy and cYk 

are all positive.
 

Some economists may have doubts about the sign of c , the 
ky
 

elasticity of savings with respect to the marginal productivity of
 
capital or the interest rate. I have argued strongly In my 1964
 
article on growth that for poor developing countries as
 
distinguished from rich developed countries, the 
 positive

substitution effect is likely to overwhelm the negative income
 
effect, because the income effect depends for Its magnitude on the
 
curr-ent amount of saving which is necessarily very low to start 
with. In a short paper on the interest rate and consumption in
 
1973, I further reinforced this argument by pointing out that 
apart from the usually recognized substitution effect and income
 
effect, a rise in the interest rate would exert a wealth effect on
 
current saving which is always positive, since a rise In the
 
interest rate would depress the current vlue of all durable assets
 
and hence would depress consumption expenditures through the
 
wealth effect. (Tsiang, 1973).
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Moreover, while both curves will be shifted upwards, the 9 
curve will most likely shift upward to a greater extent than the 
XL curve 
in the short run on account of the different effects of
 
time lags. 
Though all three elasticities necessarily operate with
 
some time lags, the time lag for the response of the population 
would probably be longer than for the other two, and, furthermore,
 
the lag would make for a diminution in the short run response of 
population growth. Conversely, the time lag for the response of 
saving to income would make for an enlargement of the short run 
saving as 
it would be the consumption habit of the population that
 
would lag behind the increase in income. Thus, as the short run 
effect of 
an improvement 
in productivity, the S curve 
would very
 
likely shift upward relative to the R1 curve, and if the increase 
in productivity is going on continuously and rapidly, the relative
 
shift could be long-lasting or even show signs of increasing.
 

Thus a developing country which aspires to achieve a takeoff
 
into self-sustalned growth qu~ckly should adopt effective policies
 
to pursue all of the four above-mentioned ways to cross over the 

hump or to eliminate it.
 

Alternatively, we can say that our model indicates that the 
necessary condition for takeoff is to bring about the condition
 

(13) §>R
 
so as to ensure a steady positive i, i.e., a steady increase in 
capital per unit of labor when the country Is trapped at point 2. 
(See equation 9 above). Since S S/L and R a K/L, this 
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inequality can also be written as
 

(13') S/Y > (KIY) f 

-which means that the percentage of Income saved In the country 

should be raised above the capital/output ratio of the country 

times the rate of population growth to ensure that the capital per
 

unit of labor for the entre economy will continue to grow.
 

Since the total stock of capital Is very difficult to measure
 

and the statistics for It are generally not available particularly
 

for developing countries, however, we shall use AK/AY or I/AY In
 

the place of K/Y. This substitution actually has an advantage In 

th.t when the condition (13') is rewritten as 

(13") S/Y > (I/AY), 

the latter would directly Imply that domestically generated
 

savings would be enough to finance investment projects yielding an
 

Increase In national product more than proportionate to the 

increase in population, provided Ay Is positive. When Ay is 

negative, inequality (13") would be meaningless and unnecessary, 

for the fact that Ay is negative is Ipso facto a sign that the 

takeoff conditiQn Is not fulf-illed.
 

On the other hand, S/Y > (K/Y)t, i.e., (13'), can also be 

said to imply the same only if we assume with Solow the condition
 

of constant returns to capital and labor. Since we have from the
 

very beginning rejected the constant returns to scale assumption 

of Solow's model, we would have to supplement (13') with a
 

further condition to ensure that the available savings Invested
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will indeed yield a net increase in output per capita, VIZ.,
 

(14) 
 g - 71 >O. 
., that the net 
 positive 
 effect 
 on productivity 
 of_
 
technological changes must be able to more than offset thc: adverse
effect of the Increased relative scarcity o' land. 
Now with (13")
 
as 
the criterion for takeoff, however, the 
 Iability to aenerate 
a
steady increase in real income per capita is directly implied with

the changes 
In technology and 
population 
Implicitly 
taken 
into

consideration. 
 Since 
 (14) would Invo.%,e 
 nore 
 unmeasurable
 
concepts. we sha',j 
 i the following part of the pa.per use (13") 
as

the criterion for th, economic takeoff or !:developin


8 country to
 
circumvent the difficulties encountered in measuring them.
 

The policy Implications of this criterion are of course 
the
 same as before, viz., that the propensity to save of the country
should be raised; the marginal productivity of investment should
 
be Increased elther 
th-ough technological Improvement or through
PartlcipaLion 
 in international 
 trade 
 and 
 a more 
 efficient
 
allocation of 
resources; 
and, last 
but 
not least, 
the rate of
 
increase of population should be lowered.
 

Unfortunately, under the mistaken guidance of various wrong
economic 
theories, 
many countries 
in 
the past actually adopted

policies that 
operPted in the opposite direction, and thus their
 
economic takeoff was made much more difficult.
 

Sometimes 
countries, 
which 
had already passed 
beyond the
 
poverty trap 
and were on their way 
to steady takeoff 
to begin
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with, were liable to come under the delusion of the wrong
 

development theories and thus 
switch to misguided policies as
 

enumerated below, which would shunt them back to 
a state similar
 

to that experienced In pre-tekeoff struggles. The policy mistakes
 

are:
 

(1) For instance, many socialist countries, that are steeped In 

the Marxist dogma that aM economic values are created by labor 

alone and thus cannot accept the idea that there could be
 

difficulties arising from over-population, would, therefore,
 

refuse to adopt any measures for population control, In spite of
 

all persuasions. An eminent example of this is the experience of
 

the P.R.C. before the 1985 reform, where the modest achievements
 

of the bungling efforts in development, including the questionable
 

"Great Leap Forward," were offset by the rapid increase In
 

population.
 

(2) In the early postwar years, under the influence of prevailing
 

Keynesian monetary theory, the banking policy In most 
developing
 

countries tended to hold the interest rates in their own countries
 

at artificially low levels with controls that would often, in the
 

face of domestic inflation, reduce the real rates 
of interest
 

close to zero, or, in some cases, even to negative levels. Thus
 

the local population would either be discouraged from saving
 

altogether, or would keep their savings 
away from financial
 

institutions and instead would put them into hoardings of 
foreign
 

exchanges and precious motals, or invest them in real estate,
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which are In most cases non-productlve kinds of Investment. The 
formation of real productive capital for the development of the 
country was thus severely hampered.
 

Furthermore, the artificially enforced cheapness of capital 
In spite of the reality of a great scarcity In Its supply would 
tend to lead to the irrational allocation and wasteful usage of
 
the available supply and thus result In the unnecessarily low 
productivities of the capital investments actually undertaken. 
As
 
we may readily see from the necessary condition for takeoff, i.e.,
 
inequality (13"), 
this would directly make takeoff more 
difficult
 

to achieve.
 

(3) In the postwar period most underdeveloped countries were 
under
 
the Influence of the then prevalent economic thinking that the 
surest way to speed up th~e Industrialization at home Is to provide 
a safe sheltered 
 market for 
 domestic 
 import substituting
 
industries 
protected 
by high tariffs 
and quantitative 
Import
 
control; and moreover that It Is 
an astute policy to keep domestic
 
currency overvalued In the face of inflation at home, because it 
was believed that devaluation would worsen the terms of trade and
 
aggravate domestic inflation by imparting a strong costpush. 
The
 
resulting overvaluation of 
',he domestic currency would 
make the
 
export of domestic products extremely difficult and would thus in
 
turn necessitate stringent import and exchange controls to keep 

the balance of payments balanced.
 

This kind of trade and exchange policy would effectively deny
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the country concerned the advantages to be obtained from the
 

international division of labor and specialization in lines of
 

production in which the country has the greatest comparative
 

advantages. It is equivalent to denying oneself of a rapid way to
 

raise the effective productivity of the country.
 

With these popular yet clearly misconceived policies in
 

operation, it is little wonder that economic takeoff would seem so
 

hard to achieve for some countries even though they are apparently 

very favorably endowed for rapid economic development. 

On the other hand, there are some developing countries, that 

are apparently very poorly endowed with natural resources, that 

have managed to take off successfully with apparently not too much 

difficulty. Eminent recent examples of such countries are the 

Asian NIC's. Previously I have written about the experiences of 

the four Asian NIC's elsewhere (Tsiang and Wu, 1985), and 

especially about Taiwan (Tsiang, 1984, 1985). Generally speaking, 

the common features of their development policies may be
 

summarized as follows: 

(1) All of them had deliberately rejected the erstwhile
 

fashionable strategy of ensuring a sheltered market for domestic 

industries and of maintaining an unrealistically high exchange
 

rate for domestic currency supported by strict import restrictions
 

and exchange control.
 

(2) All of them had allowed their domestic interest rate to
 

rise to a reasonable level while endeavoring to curb domestic 
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inflation. Thus their 
 savings through domestic financial
 

Institutions would not be discouraged. At samethe time, this 

--sort of realistically high Interest rate policy would prevent the.
 

wasteful use and misallocation of Investiblescarce capital and 

thus ensure fair returns to their investment projects.
 

(3) All four NIC's had adopted a more 
or less open attitude
 

towards the Inflow of foreign capital 
into their countries to
 

supplement their own baving In capital foruztIon at home. 
 In this
 

way, foreign r .pital was enlisted to 
help push their capital per
 

unit of labor over the hump.
 

(4) all four countries had adopted 
sensible population
 

control policies, so that their population would not spurt up in
 

response to the increase in their per capita real income to offset
 

the results of their own efforts in capital formation.
 

Under the framework of our theoretical model of growth, it is
 

not difficult to see how these policies would make a difference in
 

helping to theachieve takeoff as compared with the prevailing 

policies in other countries. Since, 
as we have shown above, the
 

necessary condition for economic takeoff is to ensure that 
 S/Y > 

(I/AYM), i.e., inequality (13") above, we may evaluate the effects 

of different development strategies 
from the following three
 

points of view: (I) how the percentage of national income saved 

S/Y has been raised from its Initial unsatisfactory level; (i)
 

how the incremental capital/output ratio (/AY), 
 (the reciprocal
 

of the marginal productivity of Invest.-, -jt) has been lowered, or 
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been prevented from rising rapidly, by much measures as a better 

allocation of resources, the introduction of technological 

-improvements and the international division of labor; and (iiii

how the rate of increase of the population has been kept from 

The answer to these

questions would determine the success or failure of the country 

increasing, and has even been reduced. D 

concerned in achieving economic takeoff. 

Let us first of all look At the four NIC's of Asia. These 

four countries all started with a very low real income per head, 

were very meagerly endowed with natural resources and were also 

very heavily overpopulated in terms of their limited territories. 

The odds seemed to be very heavily against their attempt to 

achieve economic development. Yet they all managed to bring about 

a successful takeoff and have continued ever since to increase 

rapidly their incomes per head which have now overtaken from 

behind the incomes of many more favorably endowed countries. 

The following tables (Tables I and 2) give the population 

density per square kilometer, and the CNP per head (in US for a 

number of developing countries including the Asian NIC'S . It can 

be readily seem that there was a much higher popkilation density 

and consequently a relatively lower income per heau In the NIC's 

1 GNP figures were used In this table instead of statistics of
 

national incomes for the reason of Its availability In
 
Internationally comparable terms.
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60's. the real 
income per head, gross national product and exports
 

of the four all 
started to spurt up rapidly. Why the NIC's have
 

managed to do 
better than other countries can be realized by
 

observing how the criterion for takeoff 
(13") has been fulfilled
 

and then surpassed over the years.
 

In the early 1950's, Taiwan 
 and Korea, together with several 

other Asian countries, had per capita real incomes of below or not 
far above one hundred U.S. dollars (current values), i.e., lower
 

than most of the Latin American countries. Only Hong Kong and 

Singapore, because of their former 
entrep6t and mainly urban
 

status, and the Philippines 
had already reached a per capita
 

income level wellof above one hundred U.S. dollars comparable to 

some of the Latin American countries (except for the very rich 

ones). Furthermore, the Asian countries all had far greater 

population densities than 
 developing countries 
 in other
 

continents, and nuch
were less favorably endowed 
with natural
 

resources.
 

This is manifested in the fact 
that few Asian countries were
 

able to save enough out of their own national income to finance 

the investment 
 needed to increase their capital ctock in
 

proportion to the growth of their population (i.e., 
 to satisfy the
 

condition that 
(S/Y) > Rt, let alone to finance enough investment
 

to raise the real income per capita in spite of the increase in 

population pressure 
on land, i.e., to satisfy the condition
 

S/Y> (I/Ay) . 
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SlY>( I/Ay)t. 

Nevertheless, some of them, especially Taiwan and Korea, 

-adopted special measures to encourage savings through financial 

institutions by relaxing the control over bank interest rates and 

allowing the money rate of interest to rise above the expected 

inflation rate, and thus succeeded in raising their propensity to
 

save significantly. At the same time, they switched from the then
 

popular industrial development policy of protected Import
 

substitution to a policy of exchange devaluation to encourage
 

export expansion accompanied by considerable import
 

liberalization. This implied that the country was now able to 

exploit more fully its comparative advantage in certain
 

industries, and, as a result, the average productivity of the
 

country was thus greatly raised. This resulted in a fall in
 

WIAY) on the right hand side of the condition for takeoff (13"),
 

and thus facilitated their takeoff. 

From Table 3, we may observe that Taiwan had a propensity to
 

save of 5% or less in the early part of the SO's, which was 

certainly not high enough for takeoff, since at that time her rate 

of population growth was pretty high (over 3.5%). She was able to 

avoid sliding back into deeper and deeper poverty only because of 

the foreign aid which she began to receive from the United States 

soon after the start of the Korean War. From the late 1950's and 

the beginning of the 1960's, however, Taiwan broke away from the 

popular development strategy whereby emphasis was placed on 
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protecting Import-substitutirn 
 industries, and instead endeavored
 

to foster 
export Industries 
suitable for 
her specific factor
 

endowment. 
 At the same time, she adopted a monetary policy that 
would allow the money rate of Interest 
to rise above the expected
 

rate of inflation even when inflation was still rampant. This
 
policy not only did not exacerbate the inflation as Keynesian 

cost-push inflation theorists claimed that 
it surely would, but it 
also helped to curb inflation by checking wasteful investments, In
 

the hoarding of goods, the storing of gold and foreign currencies,
 

and excessive investment in real estate, etc. 
The government also
 

exercised considerable 
self-restraint 
 iP fiscal and monetary
 

policies to prevent a rapid 
increas,. in money supply 
and in
 

prices.
 

The reletive stability of prices and 
attractive 
interest
 

rates on savings deposits revived t>' traditional thrifty habits 

of the Chinese people. Furthermore, hs 
incomes rose because of
 

the rapid development of the export industries, the inducement to
 

save was 
reinforced by the natural tendency for consumption habits
 

to lag behind rising income. In this way, Taiwan rapidly turned 

from a country with a very low propensity to save to one with a 

remarkably high savirs propensity.
 

In 1952 only 5.2 per cent of Talwan's national Income was 
saved. By 1963, 
the percentage had already risen 
 to 13.4 per
 

cent, surpassing the corresponding figures for both the United 

Kingdom (9.8 per cent) and the United States (9.1 cent)per for 
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the same year. In 1986, It role to an incredible 36.1 per cent.
 

On the other hand, because of the trade liberalization which 

led to the development of the export industries, the Incremental 

capital output ratio (WAY) actually declined after 1960, when 

Taiwan devalued her currency and thus switched to an
 
S 

export-oriented industrial policy, for a couple of years (to a 

level even below 2) and then rose only very gently, even though 

the steadily rising real wage rate in Taiwan compared with the 

other developing countries around it had made it imperative for 

Taiwan to shift to more and more capital-intensive industries and 

technologically more advanced methods of production.
 

Moreover, Ta'Awan adopted a sensible population policy in
 

encouraging family planning and effectively spreading the
 

knowledge and methods of birth control, so that the rate of
 

population increase in Taiwan dropped from 4.0% in 1952 to 3.5% in
 

1963, to 1.9% in 1973, and fInally to 1.5% in 1985.
 

These three factors combined to make the takeoff for Talwan's
 

economy fairly easy to accomplish. As one can observe from the 

table showIng the gradual fulfilment of the takeoff condition
 

(S/Y)>(I/AY)t, we can safely say that around 1963 Taiwan had 

successfully entered the stage of self-sustained economic growth.
 

By 1965 the excess of S/Y over (I/AY)t had already reached double
 

figures in percentage terms, indicating that the country's
 

domestically-generated savings had already well exceeded the
 

minimum needed to finance the investment needed to ensure the same
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standard of living for the Increasing population.
 

Another Asian country that has successfully taken off Into 
self-sustained growth Is Korea. 
Like Taiwan It started from a low
 
per capita income (U.S.S126 In 2953). 
 Besides. It suffered severe
 
Inflation as well as physical devastation during the prolonged war
with the communist north during 1958 and 1959. Although Inflation 

I 

was gradually brought under control 
after the cease-fire, In the
 
60's It staertt.d to flare up again. The economy also had the full 
paraphenalia of quantitative Inport restrictions and exchange 
controls and a complex structure of multiple exchange rates that 
was biased against the more viable exports lessand favored the 
competitive 
ones. 
 Nominal 
Interest 
rates, on
even 
 long-term
 
deposits, ranged from only 10 
to 15 per cent, whereas 
In 1983-64,
 
the annual rate of inflation, as measured by the GNP deflator, 
was
 

about 30 per cent.
 

The success 
of Taiwan's reforms obviously made an Impression
 
on Korea. 
In Sept. 1965, the Korean monetary authorities finally
 
decided to abandon the low Interest policy and sharply raised the
 
nominal interest rate on 18 month time deposits to 34.5% per annum
 
(or 2.5% per month compounded monthly). 
 The 
new nominal 
interest
 
rate was expected to ensure a positive real rate of interest for 
depositors, and 
thus to rekindle 
their willrIgness The
to save. 

result, as In the case of Taiwan, turned out to be exactly as 
expected. 
 The propensity 
to save, which 
used to 
be mostly
 
negative 
or merely 
a fraction of 
one per cent before 
the sharp
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rise in the nominal interest rLte, Jumped to 3.9 per cent in 1966
 

and then, after a setback in 1967 and 68, continued to rise
 

rapidly. In 1970, It reached 6.8 per cent, In 1980 17.7 per cent
 

and in 1984 21.9 per cent. Furthermore, as in Taiwan, the
 

increase In the nominal rate of interest not only did not
 

exacerbate the rampant inflation in Korea but also dampened it 

down considerably, although the continuation of the financing of 

investment by monetary and credit expansion kept the inflation 

going on until 1980 when the Park administration was replaced by 

that led by General Chun.
 

On the other hand, Korea also adopted the devaluation and
 

trade liberalization policy that had begun to show signs of
 

success in Taiwan. In 1961 the Korean government unified the won
 

exchange rate and devalued the won from 65 won per -S$1.00 to 130
 

won per USS1.00 in order to correct the overvaluation of the
 

inflated domestic currency. Since no effective measures were 

taken to stop Inflation at that time, however, the won had to be 

devalued repeatedly, to 255 won per USS1.00 in May 1964 and again 

to 272 won per USS1.00 In June 1965. At the same time, the Korean 

government adopted many trade promotion measures, such as the 

exemption of Imported raw materials used In export industries from 

tariffs and domestic commodity taxes, and preferential treatment 

In corporate Income tax (50 per cent exemption) for profits
 

arising from export activities, etc.
 

As a result, Korea's exports, which had stagnated in the
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fifties, began to rime sharply after 1961 and attained an amazing
average annual rate of growth of 38 per cent for the ten year
1961-70 period, and an average Pnnual rate of 36 per cent for
1971-80. This rapid expansion of the export industries generated
 
a lot of profitable investment opportunities, which resulted in an

extraordinarily low investment/net increment of real 
income ratio.
 
As shown In 
Table 
4, the five year moving averages 
of I/AY)
ratios for the 1960's after 1961 were all under 2. (We take thefive year moving averages of the annua, (W/AY) ratios to smooth 
out their irregular movements.)
 

Thus soon after the monetary reform of 1965 which succeeded 
In making the country's propensity to save positive, Korea right
be considered to have attained self-st tained growth, say, around 

1970.
 

Hong Kong and Singapore are another two countries 
(or rather

city states) which have been ranked together with Taiwan and South

Korea to form the four Asian NIC's. Before World War I, they
were, both entrep~ts for Southeast Asia under British domination,
 
and as such enjoyed much higher real 
incomes per head than either
 
Taiwan or South Ko;-ea. 
 Moreover, 
 because 
 they 
had been

international trade centers since before 
the war, they both had

excellent 
 financial 
 connections 
 with foreign countries and
especially 
with overseas 
Chinese 
in every part of the world.

Thus, compared with Taiwan and Korea, they had a big headstrt, as 
they had easy access to international financial markets.
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Hong Kong In the past always relied on Mainland China as its
 

hinterland and served as the funnel for ChliuD's for-eig trade.
 

With the outt;"eak of the Kor!vn War, the United Nations' embargo
 

on trade with Mainland China, after the latter Joined with the
 

North Koreans, dealt a lethal blow to Its tradltionat entrepIt

I 

trade. With its traditional means of making a living severely
 

restricted, and with the population sharply increased by the vast
 

inflow of refugees, Hong Kong had to find a new imay to survive.
 

It was quickly realized that In view of Hong Kong's total lack of
 

natural resources, the best solution ims to utiiize the abundant
 

and cheap labor supply to manufacture labor-Intensive products
 

using imported raw materials from wherever they could b :- obtained
 

most cheaply, and to export the products to labor-scarce
 

countries. Since Hong Kong had always been an open entrepIt, its
 

entreprereurs were well informed about the tastes and preferences
 

of foreign markets and the practices of foreign trad!. By the end
 

of the 1950's more than two-thirds of Hong Kong's exports
 

consisted of domestically-manufactured products instead of
 

re-exiorts. In the next decade, Hong Kong's exports expanded by
 

14.5 per cent, and In the seventies by 17.1 per cent. These
 

growth rates reflectd fully the expansion of domestically
 

produced exports.
 

Thus the rapid expansion of Hong Kong'& exports of
 

manufactured products provided ample opportunities for profitable
 

investment, the high productivity of which was reflected In the
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extraordinarily low (WAY)ratio, which was 
often below 2 In the
 

early years (i.e., up to 1971).
 

At first, Hong Kong's investment was to a considerable extent
 

financed 
by capital inflows, but with the steady rise In real 

income generated by astute investments, Hong Kong's own propensity
 

a
to save soon became sufficient to finance the investment necessary
 

to keep real Income per head growing, and Hong Kong may thus be 

said to have taken off successfully around 1964.
 

Singapore, like Hong Kong, was an entrep6t for neighboring 

regions before World War II. After the itswar, entrep~t trade 

was severely circumscribed by the rising economic nationalism of 

the newly independent nations of the region, each having Its own
 

aspiration for direct trade 
 with foreign markets and for
 

processing Its own raw materials prior to export, and each being 

eager to promote 
 domestic industrialization 
 by imposing
 

restrictions on manufactured Imports. In the meantime, the rapid
 

growth of population in the 1950's resulted In a much expanded 

labor force which could not be fully absorbed by the stagnant 

trade. The People's A.tion Party, which came to power In 1959, 

therefore advocated industrialization as a solution to Singapore's
 

growing unemployment.
 

At first, federal 
ties with Malaysia obliged Singapore to go 

along with a common Import-substitution policy for the Malaysian 

Common Market. This strategy made 
little headway In Malaysia, as
 

in other parts of the world. 
 It was only after Singapore seceded
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from the Malaysian Federation in August i965 that it began to 

embark on an export-oriented industrialization policy like that of 

the other three Asian NIC's. 

Thus, although Singapore experienced little export growth 

during the decade before its Independence in 1965, In the five 
I 

years that immediately followed Independence, exports Increased at 

an average amual r.te of 9.2 per cent. In the seventies the 

average annual rowth rate of exports accelerated to 28.8 per 

cent, and in 1984 Singapore's exports reached US$24.1 billion, 

which was even bigger than the corresponding figure for Australia
 

in the same yerr, though Singapore still ranked only fourth among
 

the Asian NIC's.
 

At first, even in the early part of the 1960's, Singapore had
 

a very low saving propensity, which was in fact mostly negative. 

Because of its open financial market, however, Singapore could not
 

arbitrarily rise the Interest rate to stimulate saving and
 

encourage capital inflow. Nevertheless, the newly independent 

Singaporean government eadopted a measure that, In conjunction with 

the political stability it had established, appeared very 

successful in significantly raising the propensity to save. This 

measure was to establish the Central Provident Fund, a sort of 

combined pension and social insurance fund to which both employees
 

and employers were legally required to contribute. As of 1982 the
 

employee was required to contribute 22 per cent of his or her 

wages or salary nd the employer to contribute a further 20.5 per 
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cent.
 

The effectiveness 
 of this measure In raising the propensity 
to save In Singapore can be observed from Table 6. Singapore's net 
savings had been negative up to 1964. 
 In 1965, they,became barely
 
positive, being less than 
I per cent of her national Income.
 
After 1965, however, the propensity to save rose rapidly so 
that
 
by 1970 it had already reached 12.3 per cent, and by 1980, 29.1 
per cent. In 1984 it had actually risen to 41.4 per cent.
 

On the other hand, the very high rate of population growth In 
the early fifties (around 5 per cent) was quickly reduced to less 
than 2 per cent by the end of the sixties, and was brought down to
 
nearly I per cent 
In the eighties. At the 
same time, the
 
liberalization of trade .!,n 
 the rapid expansion of exports created
 
vast opportuinties 
for very profitable Investme.t 
which kept
 
Singapore's Investment/net real 
income Increment ratio at 
a very
 
low level for a 
long time even though Singapore was moving
 
steadily towards more capital-Intensive and technology-,ntensive 
Industries. 
Thus the takeoff condition was satisfied by 1966 even
 
though during the following year, 1967, the country experienced a
 

minor recession.
 

Two other Last Asian countries, namely, India and Thailand, 
represent another type of country which has apparently taken off 
but has not yet soared into very rapid growth as did the four 
NIC's, though Thalaernd Is perhaps toclose them. The available 
statistical data does go farnnt back enough to enable us to 
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observe clearly the process by which they freed themselves from 

the poverty trap and 3ot off the ground. Almost from the very 

beginning of the period for which data is available, I.e., 

(19S1-85), these two countries seem to have satisfied the takeoff
 

condition or have been very close to it, even though their average

I 

incomes per capita were still very low in 1960 (i.e., USS97 in
 

Thailand, US$73.5 in India, both being less than US$100 per annum 

at the then current value of the dollar).
 

Nevertheless, their takeoffs were rather marginal. The
 

domestically-generated savings never exceeded the minimum amount
 

of investment necessary to ensure the same real income per head by
 

a big margin (say, by a two digit percentage figure, i.e., 10 

percentage points), so that the growth rates of their income per 

head, though quite respectable by world standards, have not been 

as spectacular as those of the NIC's. India's average growth rate 

was 3.8 per cent during the sixties, 3.3 per cent during the 

seventies, and 5.1 per cent during the first five years of the 

eighties. Thailand's average growth rate was 7.4 per cent for the 

sixties, 6.8 per cent for the seventies, and 4.2 per cent for the 

first half of the eighties. (See Tables 7 and 8). 

These two countries both had quite respectable propensities 

to save (10 per cent or more of the national income) even when 

their real incomes per head were quite low. Ho,-,ver, particularly 

in the case of Thailand, the propensity to save failed to expand 

with the substantial increase in the real income per head, as in 
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the 	NIC's. In fact, in Thailand, the propensity to save In the 

80's was lower than in the 60's and the 70's.
 

In !ndia, the main reason for the less rapid growth &eems be
 

the exceptionally high investment/income increment ratio. 
 The 

five year moving average (I/LY) ratios uere frequently as high as 

or 6, and mostly around 4, which compared very unfavorably with 

the 	investment/income increment 
ratio in the NIC's
Asian u."ich
 

usually started below 2 and only aradually rose higher as the 

increase In real wages in those countries called for more and more 

capital- and technology-intensIve production. In the case of 

India, the tendency to resort to excessively capital-intensive
 

methods of production and Industries seems 
to have originated from
 

her belief that heavy industries form the necessary basis :or the
 

Industrialization 
process and that capltel-intensive and high
 

technology industries would enhance the prestige and power of the 

country. This strategy, however, seems to have retarded the 

growth in the real 
income per head of the population even If the
 

country in fact managed to takeoff into self-sustained growth.
 

Unfortunately, this strategy supported by trade restrictions
 

and exchange control 
seems 	to be a very widely pursued policy. In
 

the 	cases of Latin American countries, this seems to be one of the 

most 	Important obstacles to their smooth economic takeoff.
 

Most Latin American countries, compared with their 
Asian
 

counterparts, are much more favorably endowed 
with natural
 

resources and much less densely populated. Their per capita 
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incomes in the fifties and sixties were mostly much higher than 

those oa" all those Asian countries we have discussed apart from 

Hong Kcng and Singapore. For instance, in 1950 the per capita 

lricomes of Columbia, Mexico, Peru, and Venezuela were US3541, 181,
 

134, and 635. respectively, at the then current value of the US 

dollar, and in 1960 the corresponding figures were US$261, 346, 

203, and 1,043, respectively. It, seems, judging by the Asian 

head, economic
experiences, that at such levels of income per 


takeoff should have presented no great difficulty.
 

In this category of relatively more fortunate nations, we 

might also Include the Philippines, because it also started with a 

per capita income of well over USSI00 (infact US$171 in 1950, and 

US$250 in 1960), on account of her relatively low population 

density vis-&-vis other Asian countries and the infrastructure she 

had Inherited from the Americans or built with postwar American 

aid. As a result, the Philippines like the Latin American 

countries, might be recognized as having already taken off and in 

fact grew at a very satisfactory rate at e.very early date. For 

instance, !wr real income per head grew on average at the rate of 

8.5% per year in the first five years of the 1950's, well ahead of 

all of the four Asian NIC's. However, for some reasons, of which 

political instability and some erroneous economic policies are the 

most important, the growth faltered and eventually came to a halt 

in the early 80's. In this respect, the Philippines is rather 

like most Latin American countries.
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In Tables 9 to 14, Ve shall display how the takeoff 
conditions were being fulfilled or beinj aborted in these 
countries. It might be observel that In faact all the Latin 
American 7'untries as .ill as the P!,l1ppines seemed to have 
already emerged out of the poverty trap and were growing steadily, 
L'id In some cases quite rapidly as witness Brazil during the 
lact,.,r part of the 6O's and the first peJt of the 70's, Mexico in
 
the early part of the 60's, 
and the Ph.11ppines In the early 50's.
 

Unlike the 
cases 
of the four Asian 
NJC,s, however, the
 
would-be takeoffs of the Latin American countries all came to an 
end during the international debt crisis of the 1980's, despite 
their initial successes in economic growth. Their reasons for
 
failure are certainly varlous and some are noneconomic, Including,
 

for Instance, political disturbances and revolution.
 

If we concentrate on 
the economic policies followed by thest!
 
countries, we will find that there a-e some common features that 
seem to be 
present In 
most of them. The first Is that 
most of
 
these countries failed 
to further encourage their people 
to save
 
more when the initial growth raised the per capita Income so as to
 
generate more 
and more domestic finance for 
faster and 
faster
 
growth. 
 The second Is that most countries In this group believed
 

In developing domestic industries In a sheltered domestic market.
 
instead 
 of encouraging their exports 
 and discoverli new 
exportable goods. 
 The third Is that they had a pref-rence for 
large scale industrial projects 
involving substantial 
 Initial
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capital outlays with no or only smarll immediate returns, i.e., 

projects Involving high Investment/net output increment ratios. 

These three causes combined seemed sufficient to bring to a 

halt a takeoff with a very successful beginning even after It had 

gathered conslderabl3 momentumn In the early stages. The 
I 

preference given to protecting Import-substituting industries 

without any real competitive advantages, particularly those
 

involving big capital outlays and long protracted returns,
 

magnified the investment/output-increment ratio and increased the
 

finance required for the investment necessary merely to maintain 

the real per cap!ita income at the same level. If the country Is
 

at the same time enforcing a controlled low inberest rate policy 

In the face of considerable domestic inflation, as most countries 

are in fact practicing, then the resulting negative real interest 

rate will actually encourage a wasteful allocation and usage of 

the scarce investible funds. Thus the sharp rise In the I/AY 

ratio in some countries,, while the propensity to save Is not
 

encouraged but discouraged by inflation and the resulting
 

negative real rate of Interest, might be observed to be the
 

principal reason why an economy that has already started to take
 

off may come to a premature standstill.
 

Since most of these countries had good access to foreign
 

capital markets, they could easily supplement the deficiency of
 

their own savings with capital imports (embodied in the net import
 

surplus) fromn abroad. This Is Indeed a wise and proper way of 
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boosting 
one's 
 uwn economic 
 takeoff. 
 Unfortunately; 
 these
countries followed the fashionable import substitution strategy
and believed in the superiority of large-scale Industries withhigh capital Intensity, which absorbed a lot of Investible fundsbut 
yielded relatively little output 
that could be 
 exported to
 

earn foreign exchange to pay for debt servicing.sharp rise Thusin interest rates on with thethe world capital markets, these 
ccuntries quickly got 
into difficulties in servicing their heavy
debts, and had to ask repeatedly for moratoria on 
their Intercst
 

payments.
 

This contrasted strongly with the experiences of 
the Asian
NIC's, some of which, viz., 
South Korea, is still heavily in debt
with foreign countries, but 
are able to take the increase in world
 
Interest rates in their stride.
 

Finally, we shall deal with two African countries. Moroccoand Tanzania, countries which are still struggling Jn their 
attempts to take off 
Into self-sustained growth.
 

Tanzania is a typical country that started with a very lowincome. 
 In 1960, its 
average Income per head at 
current 
prices,
was US$47.
 1, which was even 
lower than that of India for the same
year i.e., USS5s.7. In 1975, however, Tanzania's income per head
 rose to 
US$1686 and in 1980 to US$283.8, 
whereas 
India's income
 per head 
in 1975 was 
USS147.2 and 
in 1980, US$240.1, 
obviously

having been surpassed by Tanzania. 
Nevertheless, although we said
above that 
India had narrowly achieved her takeoff, we 
shall have
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to say that Tanzania has not succeeded yet in taking off into 

self-sustained growth.
 

The following table (Table 15) shows that for the whole
 

pF6-Mod of the 1970's the necessary condition for takeoff
 

(S/Y>(I/AY)e) was not satisfied, and since 1981 the real 
income of
 

thL country even started to decline. It seems that the
 

substan.'tial positive growth rates of Tanzania's real national
 

income in the 70's was chiefly due to the large inflows of capital
 

imports, and/or foreign aid, which amounted some years toin as 

much as 16% of its national income. This kind of growth supported
 

by foreign loans or aid cannot be sustained for long unless 

domestic savings can gradually take over the role played by
 

foreign capital as in the Asian NIC's.
 

Unfortunately, instead of encouraging domestic savings,
 

Tanzania did exactly the opposite. It followed the Keynesian 

policy of keeping the nominal interest low at 4% to 6% per annum 

while allowing the domestic price level to rise at double-digit
 

rates. The resulting negative real interest rates naturally
 

caused the domestic saving propensity to decline sharply. In
 

1965-70, Tanzania's average propensity to save was as high as 12%,
 

but in 1984 it was down to 4.3%.
 

At the same time, the I/AY ratio in Tanzania tended to be 

much higher than in the Asian NIC's. In the early 1970's, the 

I/AY ratio was as high as 
4 and at the close of the decade it
 

soared into double-digit figures. This contrasted strongly with 
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the experiences of the Asian NIC's, which not only made it a point
 

to foster their propensity to save, but 
also endeavored to keep
 

their I/AY ratios as low as possible, particularly tt the 

beginning of their takeoff processes. 

The case of Morocco is more or less similar, even though 

Morocco Is a much better off c untry than Tanzana. Indeed, with
 

an income per head of US$185 in 1955, 
it was much better off than
 

the two Asian NIC's, Korea and Taiwan, In the same year. 
 In the
 

period 1970-76, the growth rate of the real 
national income per
 

head in Morocco appeared to be quite satisfactory. In 1977, 
the
 

growth rate declined sharply and the 
buoyancy of the economy was
 

never recovered. 
Judging from our conditions for takeoff, Morocco
 

cannot be to
said have successfully achieved 
it, snce this
 

condition was mostly unsatisfied except 
In the few golden years of
 

1971-75.(See Table 16).
 

The reason for 
the non-fulfilment 
of the takeoff condition
 

was again the insufficiency of domestic savings, which the
 

government did nothing to 
encourage 
even though the country was
 

quite well off as a developing country. 
The authorities kept the
 

nominal 
interest rates of the financial institutions at fairly low
 

levels that ranged from 4.5% to 6.5% while letting domestic price
 

inflation continue at a brisk 
rate that sometimes ran into
 

two-digits. The resulting negative real 
interest rate inevitably
 

caused the fairly satisfactory savings ratio in the golden year of
 

the 70's to drop sharply in the 80's. 
 At the same time, the
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I 

ambitious development plans frequently pushed the I/AY ratio up to
 

levels that would make the 
 takeoff condition Impossible to
 

fulfill. Thus, like Tanzania, the actual positive growth of the
 

ec6nomy of Morocco that had taken place In recent years should be
 

mainly attributed to the inflows of foreign lendings and aid. 
The
 

economy itself not said have
could be to entered into
 

self-sustained growth.
 

Summing up the paper, we may say that the success or failure
 

of a developing country in attempting to take off into
 

self-sustained growth can be better understood with the help of a
 

theoretical model that describes the process of takeoff in terms
 

of real factors. When the necessary condition for takeoff is
 

identified, development policies should be evaluated according to
 

whether they are in fact promoting or thwarting the fulfilment of
 

this condition.
 

The hitherto prevalent Keynesian development policy of
 

expanding effective demand to generate growth coupled with a low
 

interest policy to stimulate investment appears to be of very
 

doubtful value. However, If the leader of the 
Free World
 

continues to indulge 
In spending way beyond her national income,
 

and save a lesser percentage of her own national income than a
 

poor developing country, such as India and Tanzania, while
 

claiming to be the "locomotive" of world growth, who can blame the
 

developing countries for constantIy getting into debt crises and
 

for failing to achieve self-sustained growth?
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Table 1
GNP per capita (Nominal) of Some Developing Countries
 
unlitU.S. dollars
 

ASIA 
 1950 1960 
 1970 1980 1985 
 1986 1987

Hong Kong 246.4

Korea 126.40) 

--- 911.9 5,472.6 6,238.9 6,765
155.9 272.1 
1,637.4 2,113.8
St-gapore 2,271 2,826
--- 430.9 916.1
Taiwan 144(2) 153 
4,862.3 6,839.2 6,949
387 2,314 3,144
India 3,784 4,989
56.1 
 73.5
Thailand 99.6 240.1 262.2
51.5 
 96.6 179.9 
 719.4
Philippines 747.4 813 872
171.4 
 250.4 191L9 728.8 
 584.4 
 544
LATIN AMERICA
Brazil 


Colombia 423.7 1,966.1 1,672.9
354.0 
 261.5

Mexico 350.7 1,290.1 1,194.5
180.8 
 346.0
Peru 701.2 2,685.4 2,260.3
133.9 
 203.3 
 462.4
Venezuela 994.8 730.7
635.3 1,042.7 1,143.5 
3,942.7 2,864.0
AFRICA
Morocco 
 --- 154.3 250.8 888.9
Tanzania 540.4
--- 53.1 
 96.8 283.6 284.7
 

Sources:(for this Table and Tables 3-16)
Taiwan: Directorate-General of Budget, Accounting and Statistics, Executive Yuan,
Statistical Abstract of National Income in TaiwanArea. Republic of
 
Hong Kong:
1. Census and Statistics Department, Hong Kong, 
The National Income of
Hong Kong, 1947-50, and Estimateof ross Domestvarious
issues. 


-2. E.K.Y. Chen, Iper-Growth in.AsianEconomics (Lndonac 
illan 1979)
(1954-65).

Singapore:
1. Department of Statistics, Singapore, Economic & SocialStatistics
SingaDore, 1960-82.
2. Department of Statistics, Singapore, YearbookofStatistics,
Sinapore, 1986, (1983-86).
3. IMF, InternationalFinancial Statistics, April 1988(1986).
Korea:
 

1. Bank of Korea(2986.87).
 2. Korea Economic News, March 26th, 1988(1986-87).
3. IMS, International Financial Statistics.
Other Countries:
International Monetary Fund, InternationalFinancialStatistics.
Notes:
 
(2). 1953's data
(2). i951's data
 

http:Korea(2986.87


Table 2
 
Population Density of Some Developing Countries
 

(persons per km2)
 
1950 1960 1970 1980 1985
 

Hong Kong 2,231 2,891 3,955 4,850 5,309
 
Korea 134 149 207 255 280
 
Singapore --- 2,813 3,528 4,11,5 4,403
 
Taiwan 210 300 408 495 535
 
India 113 13r 168 202 228
 
Thailand 36 70 90 100
 
Philippines 65 F, 128 161 181
 

LATIN AMERICA
 
Brazil 6 8 11 14 16
 
Columbia 10 12 19 74 25
 
Mexico 13 18 26 36 40
 
Peru 7 8 11 14 15
 
Venezuela 5 8 11 15 19
 

AFRICA
 
Morocco 21 26 35 45 49
 
Tanzania 8 10 14 --- 23
 

Sources:
 
1. Directorate-General of Budget, Accounting and Statistics,
 

Executive Yuan, Statisticai Abstract.
 
2. United Nations, New York, Demoqraphi9 Yearbook.
 



Table 3 
Statistics Related to Economic Takeoff-Taiwan
 

(in percentage)

1 2 
 3 4 
 5 6 
 7 8


Interest
LyIY aL/L S/Y Rate AP/P (S/Y)-(I/AY)Z/6y (ALM) (X-H)/Y
 

1951 " . ... 41.40 ..1952 11.38 .. .. .. 36.00 25.001953 9.37 .- 7.23.. 
 .. 27.00 21.84
1954 6.06 .- 6.11
3.66 4.61 23.40 0.15 172.31
1955 7.68 3.51 4.81 -1.70 -10.22
21.60 10.04 
 195.04 -2.03
1956 4.49 ,-5.30
 
1957 6.11 

3.57 4.83 21.60 8.70 223.97 -3.17 8.50
3.47 
 5.12 19.80 8.68
1958 220.01 -2.51
6.34 3.56 -6.43
5.74 19.80 4.83
1959 7.90 239.19 -2.78 -8.03
3.86 
 6.42 18.00 7.13
1960 232.21 -2.55
7.72 3.90 -10.30
6.77 18.00
1961 7.48 3.81 
13.49 246.35 -2.83 -9.33
8.60 16.20 4.86 
 215.85
1962 5.63 3.68 0.38 -8.74
11.02 15.80 2.13 
 190.15
1963 10.71 3.52 12.87 14.00 4.02 -6.72
3.42 193.22
1964 13.03 6.07 -1.42
3.10 15.08 14.00 
 4.17 204.64
1965 10.26 2.92 8.75 0.94
17.36 14.00
1966 8.43 -0.62 209.16 11.25 -3.73
2.81 18.51 14.00
1967 2.73 248.16 11.54
10.30 0.35
3.19 19.68 13.30 4.56
1968 7.60 298.29 10.15 -2.57
2.94 21.16 13.30
1969 6.79 285.42 12.75
6.55 -3.60
2.80 23.06 13.30 6.38
1970 12.72 256.12 15.88 -0.94
2.73 25.65 12.60 
 3.47 235.21 19.24
1971 14.24 -0.06
2.56 28.84 12.00 3.03
1972 12.59 217.80 23.27 3.12
1.96 30.40 11.30 
 5.83 287.60 24.77
1973 12.64 7.97
1.93 30.24 13.30 14.88 
 355.70
1974 1.83 1.83 23.36 6.79
31.09 14.80
1975 32.25 344.07 24.79
3.08 -9.86
1.81 31.29 13.30 
 2.34 366.57
1976 13.12 1.82 24.65 -4.24
31.56 12.00
1977 5.54 354.45 25.12
10.17 1.86 2.81
32.32 8.25 6.40 
 318.16
1978 12.88 1.88 26.41 6.34
33.41 8.25 
 5.29 311.61 27.54
1979 7.87 1.95 8.44
32.91 11.00
1980 8.72 1.89 

11.34 356.95 25.93 1.49
31.82 11.00
1981 16.04 390.31 24.43
6.95 1.85 -1.55
30.90 11.75
1982 4.28 12.11 408.17 23.36 2.63
1.77 30.48 7.75 
 3.44 317.12 24.37
1983 7.19 6.59
1.60 30.18

1984 11.53 

7.25 1.92 277.68 25.75 11.32
1.51 31.47

1983 6.75 0.83 184.10 28.70
5.54 .. 14.29
.. 5.25 0,21 
 ....
1986 13.49 .. 17.70
.. 4.77 3.65 
 .... 
 24.81
 

Notes:

Col. 1 
Annual rate of increase in net real national income.
Col. 2 
Annual rate of increase of population calculated from five year
moving averages of population numbers.
Col. 3 
Percentage of national income saved calculated from five year
moving averages of total net savings and the five year moving
averages of national income.
Col. 4 
Nominal rate of interest.
Col. 5 
Rate of increase of GDP deflator.
Col. 6 
Net annual investment/annual increment of real national income,
 
Col. 7 

both in five year moving averages.
Coluzz 3 minus Column 2 multipl edCol. 8 by Column 6 divided by 100.
Exports surplus (capital outflow; if negative, then capital
inflow) as percentage of national income.
 



Table 4 Statistics Related to Economic Takeoff-South Korea
 

1 2 3 4Interee 5 6 
(inpercentage)
7 8(S/Y-(MLY) 

AY/Y LL/L S/Y Rate AP/P IltY (OLIL) (X-H)/Y 

1951 . .. .. . . .. . . . . .. . 
1952 . .. .. . . .. . . . . .. . 
1953 - - 1.03 . 8.11 
M54 4.66 1.51 .. .. 31.38 . 6.70 
1955 5.38 1.96 -1.11 - - 64.97 . 8.72 
1956 -1.63 2.35 -1.78 34.48 193.26 -6.32 -12.34 
1957 
1958 

7.56 
5.27 

2.66 
2.89 

-2.17 
-2.73 -

. 
-

21.14 
-1.57 

199.93 
235.19 

-7.48 
-9.53 

1j.02 
.19 

1959 3.37 2.90 -1.52 2.30 179.63 -6.72 -8.01 
1960 
1961 

1.54 
6.18 

2.89 
2.89 

-2.42 
-1.76 --

11.26 
13.25 

217.97 
205.39 

-8.72 
-7.69 

-9.80 
-10.01 

1962 1.64 2.89 -1.02 - - 18.41 169.17 -5.91 -12.21 
1963 9.00 2.77 -0.14 - - 29.90 163.85 -4.40 -11.69 
1964 9.84 2.63 1.91 - - 29.79 161.48 -2.34 -7.99 
1965 5.42 2.88 3.75 - - 6.14 174.17 -1.27 -7.79 
1966 12.50 2.77 4.90 - - 14.34 187.80 -0.31 -10.33 
1967 5.99 2.64 7.12 - - 16.16 175.19 2.46 -11.20 
1968 10.56 2.61 8.68 - - 16.25 179.32 4.00 -13.41 
1969 21.77 2.55 9.14 22.80 7.13 198.46 4.08 -12.59 
1970 11.66 2.14 10.19 22.80 14.18 207.99 5.73 -10.16 
1971 
1972 

8.49 
4.97 

2.02 
1.92 

11.96 
12.43 

20.40 
12.00 

13.59 
16.48 

197.63 
251.31 

7.96 
7.61 

-11,03 
-5.05 

1973 12.54 1.82 12.81 12.00 13.51 282.58 7.68 -3.27 
1974 7.80 1.74 14.72 15.00 29.51 248.22 10.40 -12.22 
1975 6.71 1.67 16.87 15.00 26.85 237.37 12.90 -9.32 
1976 13.25 1.63 18.60 16.20 20.91 252.08 14.50 -1.37 
1977 10.00 1.58 20.27 14.40 15.87 263.14 15.79 0.23 
1978 12.09 1.56 20.82 10.60 21.55 411.98 14.39 -3.26 
1979 6.02 1.55 20.58 18.60 19.94 499.87 12.82 -8.00 
1980 -4.77 1.56 19.90 19.50 25.22 596.06 10.63 -8.78 
1981 6.20 1.55 19.42 16.20 15.47 559.19 10.74 -6.09 
1982 
1983 

4.35 
11.10 

1.54 
1.50 

19.79 
- -

8.00 
8.00 

6.48 
3.92 

489.57 
.

12.25 -2.94 
1.47 

1984 7.53 1.43 - - 9.20 3.91 . 0.35 
1985 
1986 

. .-

. . . .. 
-
. 

10.00 
10.00 

4.03 . . 
2.41. . . 

. .. 

. .. 
. 
. 

Notes: 
Col. 1 Annual rate of increase in net real national income.
 
Col. 2 Annual rate of increase of population calculated from five year


moving averages of population numbers.
 
Col. 3 Percentage of national income saved calculatcd from five year


moving averages of total net savings and the five year moving
 
averages of national income.
 

Col. 4 Nominal rate of interest.
 
c, . 5 Rate of increase of GDP deflator.
 
C.K. 6 Net annual investment/annual increment of real national income,
 

both in five year moving averaes.
 
Col. 7 Column 3 minus Column 2 multiplied by Column 6 divided by 100.
 
Col. 8 Exports surplus (capital outflow; if negative, then capital


inflow) as percentage of national income.
 



Table 5 
Statistics Releated to Economic Takeoff-Hong Kong
 

1951 

1 

LY/Y 

2 

LL/L 

3 

S/Y 

4 
Interest 
Rate 

5 

4P/P 

6 

I/IY 

7n percentage) 
(SIY)-(I/Ay)

U L/L) (X-M)/Y 

1952 
1953 - " .. .. .. 

. .. 
.. 

.. 
.. 

.. 
.. 

. 
. 

. 

1 9 5 5 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

6.69 
6 .2 2 
8.26 
5.02 

21.48 
10.78 
10.21 
11.67 
8.31 

18.29 
30.66 
1.90 
3.20 

11.80 
9.40 
7.30 

11.00 
12.70 
2.20 
0.20 

17.10 
12.50 
9.49 

11.67 
10.97 
9.42 
2.93 
6,53 
9.43 

-0.11 
11.16 

. .. 
5.43 
5.23 
7.22 
3.57 
3.27 
3.15 
2.60 

-0.46 
2.14 
1.64 
1.95 
2.19 
2.03 
2.08 
2.55 
2.12 
1.89 
1.83 
1.75 
2.52 
2.81 
3.03 
2.99 
2.88 
1.89 
1.47 
- -
- -
- -

.. 
-0.96 
-1.11 
-0.89 
0.56 
1.78 
3.78 
1.67 

10.57 
11.56 
13.23 
14.99 
16.02 
17.68 
19.18 
19.93 
19.91 
21.93 
22.43 
22.24 
23.34 
24.48 
24.00 
23.54 
23.02 
22.61 
21.80 
23.30 

. .. 

. .. 
.. 

.. 
... 
.. 
.. 
.. 
- -
- -
-
- . 
- -
- -
" -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

-
- M 

.. 

.. 

. 
.. 

... 

.. 

.. 
-

-
- -

-
5.93 
3.05 
4.99 
8.82 
7.25 
8.71 

14.20 
11.55 
4.02 
9.06 
3.22 
7.58 

18.11 
15.50 
10.13 
9.80 
4.69 
9.07 
5.13 
3.26 

.. 

.a. 
a -

109.60 
231.48 
232.99 
251.26 
270.77 
283.39 
151.11 
170.28 
176.30 
144.40 
150.09 
216.13 
186.06 
169.82 
231.43 
308.68 
238.46 
235.08 
265.11 
245.19 
237.28 
283.12 
352.88 
363.54 
342.63 
418.10 
333.66 

.. 

. 

- -

-6.96 
-13.20 
-17.72 
-8.42 
-7.06 
-5.13 
3.74 

11.34 
7.79 

10.26 
12.08 
11.28 
13.90 
15.65 
14.03 
13.38 
17.41 
18.11 
17.58 
17.15 
17.81 
15.43 
12.99 
12.57 
16.13 
15.63 
86.23 

.. 

- -
- . 

. . 

. . 

. . 

. . 

. . 
- . 
. . 

-1.24 
5.86 
5.25 
9.44 
a.09 
0.86 
4.19 
4.28 
6.93 
4.43 
7.55 
4.13 

-1.73 
-1.73 
-4.99 
-4.28 
-3.85 
-1.00 
3.79 
2.88 
4.48 

Notes: Col. 1 Annual rate of increase in
Col. 2 net real national income.
Annual rate of increase of population calculated from five year

Col. 3 

moving averages of population numbers.
Percentage of national income saved calculated from five year
moving averages of total savings and the five year moving averages
of national national income.
Col. 4 
Nominal rate of interest.
Col. 5 
Rate of increase of GDP deflator.
Col. 6 
Net annual investment/annual increment of real national income,
 
Col. 7 

both in five year moving averages.
Column 3 minusCol. 8 Column 2 multiplied by Colm 
6 divided by 100.Exports surplus (capital outflow; if negative, then capital
inflow) as percentage of national income.
 

' , 



Table 6 Statistics Related to Economic TakeQof-Singapore
 
(in percentage) 

1 2 3 4 5 6 7 8 

6Y/Y 6 L/L S/Y 
interest 

Rate AP/P I]AY 
(S/Y)-(I/AY) 
(LWL) (X,.H)/Y 

1951 - - 4.46 " - . . . . . - -
I.A Z - - 5.01. . . . .. .. .... 
1953 - - 5.12 . . . . . . . .. .. . 
1954 - - 5.04 .. . . . . .. .. . 
1955 - - 5.12 . . . . . .. .. .. . 
1956 - - 4.87 . . . . . . . .. . -" 
1957 -- 4.79 . . . . . .. .. .. . 
1958 - - 4.43 . . . . . .. .. .. . 
1959 - - 4.24 . . . . . . . .. .. . 
1960 -  3.82 .. .. ..-- -14.95 
1961 8.45 3.55 - - 0.01 - .- -16.07 
1962 7.04 3.08 -5.36 - - 0.86 - .- -11.75 
1963 30.44 2.99 -2.46 - - 0.94 177.01 -7.74 -16.25 
1964 -2.76 2.68 1.65 - - 0.82 138.41 -2.05 -12.38 
1965 7.60 2.50 3.91 - - 1.27 193.03 -0.91 -12.68 
1966 24.16 2.22 7.42 -  -9.30 196.34 3.06 -8.67 
1967 -0.52 2.07 9.48 -  12.43 168.11 5.99 -8.94 
1968 13.23 1.83 11.00 - - 1.14 196.05 7.41 -7.01 
1969 13.33 1.79 11.47 - 2.33 275.90 6.52 -11.33 
1970 12.90 1.67 13.38 - - 1.69 264.45 8.98 -21.87 
1971 11.27 1.73 15.34 - - 4.47 309.73 9.97 -23.68 
1972 13.31 1.80 16.63 - - 5.38 389.39 9.63 -18.41 
1973 9.36 1.77 18.67 - - 12.19 435.80 10.96 -11.34 
1974 6.24 1.65 21.33 - - 15.58 475.09 13.52 -18.92 
1975 6.31 1.62 23.04 - - 2.43 518.85 14.64 -12.28 
1976 7.10 1.42 24.42 - - 1.94 501.43 17.32 -8.94 
1977 7.23 1.31 26.66 4.06 1.46 464.75 20.57 -2.91 
1978 9.66 1.29 27.84 4.75 2.32 498.59 21.40 -5.49 
1979 9.23 1.28 29.52 6.20 5.22 495.07 23.19 -7.68 
1980 6.79 1.18 31.56 9.37 10.80 529.26 25.34 -9.96 
1981 9.57 1.24 34.08 19.71 6.36 533.79 27.44 -6.30 
1982 7.65 1.15 36.46 7.21 4.71 521.06 30.48 -4.93 
1983 10.46 1.22 37.74 6.31 4.16 621.75 30.18 -1.97 
1984 10.84 1.20 38.07 6.97 0.72 733.62 29.26 -2.96 
1985 -0.18 .. .. 4.99 -2.01 . 2.88 
1986 1.96 .. .. 3.91 -3.72 .. . -0.07 

Notes:
 
Col. 1 Arnual rate of increase in net real national income.
 
Col. 2 Annual rate of increase of population calculated from five year
 

moving averages of population numbers
 
Col. 3 	Percentage of national income saved calculated from five year
 

moving averages of total net savings and the five year moving
 
averages of nationa: income.
 

Col. 4 Nominal rate of interest.
 
Col. 5 Rate of increase of GDP deflator.
 
Col. 6 Net annual investmentlannual icrement of real national income,
 

both in five year moving gverag k,.
 
Col. 7 Column 3 minus Column 2 multiplied by Column 6 divided by 100.
 
Col. 8 Exports surplus (capit4l ootflow; if negative, then capital
 

inflow) 	as percentage of notional income.
 



- -

- -

Table 7 
Statieticp Releated to Economic Takeoff-India
 
12 
 intorest
45 (in percentage)
67
 

(SlM-MLI
Y/Y 6L/L SlY Rate LPIP )I/LY (eLIL) 
 (X-M)/Y

I11 - - -Y - 1952 - - - - - 1.42 -
- 2.09
W3 - . 
1954 

- 1.54 - - 2.19 0- - o.1l- . 1.82 - - 0.1- 2.49 - 1955 - - 1.89 " " " -4.10
- - 2.721956 - - - L.96 - - " - -0.733.17 1957 2.03 - - 3.20 - . 
- . .. -3.621958 " 
- - 2.11 - - 2.57 " - -4.371959 - .
-
 1.18 " - 2.73 - -2.972.1960 . - .- - 2.32 - - 3.67 - -

.. -1.73
1961 3.20 - 2.39 " -18
- - 4.35 2.741962 2.32 - . " " -3.182.39 
 10.82 
 3.70
1963 4.17
5.80 1964~2.38 " "
11.19 -2.33
3.76 9"3508
1964 9.13 500.87 07
7.82 2.36 -0.75 -2.04-2.04
11.49 
 4.00
1965 -4.64 8.96 617.67 -3.07
2.26 11.37 -2.35
6.28
1966 9.36 406.49
0.99 2.22 2.39
11.52 4.37 -2.34
1967 13.45 476.98
8.48 2.23 11.86 5.36 7.94 

0.94 -3.03
1968 2.60 505.61 0.58
2.23 12.23 -2.27
3.90
1969 6.27 0.22 295.44
2.24 5.63
12.62 -0.96
3.92
1970 4.09 288.82
5.47 2.24 13.02 5.68 6.14 -0.35
1971 2.33 2.24 3.29 447.23 2.S8
13.59 -0.12
6.30
1972 -0.72 5.24 423.34 4.13
2.22 14.08 -0.96
4.69
1973 4.17 2.19 11.20 662.69 -0.61
14.73 6.64 0.39
1974 18.87 510.45
0.37 2.15 15.64 13.52 3.56 -0.62
1975 9.38 17.89 567.91 3.41
2.12 16.17 10.40 -1.44
-3.01
1976 366.41
1.42 2.33 8.41
17.00 11.28 -1.22
1977 6.61 350.52
8.30 2.33 8.82
17.40 10.18 0.70
1978 6.40 3.55 488.52 6.00
2.36 17.20 0.15
8.05
1979 -4.87 2.38 2.02 556.22 4.07
16.74 8.47 -0.34
1980 15.58 464.08
6.41 2.40 16.72 7.24 5.68 -1.74
1981 5.40 11.33 621.76 1.79
2.19 16.32 -3.82

1982 2.87 2.20 

8.61 9.33 557.31 4.11
16.41 -3.31
7.27
1983 7.85 395.85
7.71 2.15 17.21 7.69 -2.71
8.30
1984 3.34 9.01 394.35 8.73
2.21 - - 9.95 -2.446.41
1985 
 6.22 
 -1.81
1986 10.00 6.88 .9.97 . 

Notes:
Col. I 

Col. 2 

Annual rate of increase in net real national income.
Annual rate of increase of population calculated from five year

Col. 3 

moving averages of population numbers.
Percentage of national income saved calculated from five year
moving averages of total net savings and the five year moving
averages of national Income.
Col. 4 
Nominal rate oE interest.
Col. 5
Col. 6 
Rate of increase of GDP deflator.
Net annual invastment/annual increment of real national income,


Col. 7 both In five year moving averages.
Colum 
3 minus Column 2 multiplied by Column 6 divided by 100.
Col. 8 
Exports surplus (capital outflow; 
if negative, then capital
inflow) as percentage of national income.
 



Table 8 Statistics Releated to Economic Takeoff-Thailand
 
(in percentage)
 

1 2 3 4 5 6 7 8 

tYIY ALIL S/Y 
Interest 

Rate LPjP I/LY 
(S/Y)-(I/Y)

(ML/L) (X-H)/Y 

1951 - - 3.00 - - - - 12.42 -. ... 
1952 - - 3.00 - - - - 11.39 -. ... 
1953 - - 2.99 - - - - 0.45 -.... 
1954- - - 3.01 - - - - 3.16 -. ... 
1955 - - 3.00 - - - - 4.34 -. ... 
1956 - - 2.99 - - - - 0.26 -. ... 
1957 - - 3.00 - - - - 4.40 -.... 
1958 - - 3.00 - - - - -0.07 -... 
1959 -  2.93 - - - - -1.52 -. ... 
1960 - - 2.87 - - - - 2.83 - - - 1.42 
1961 5.03 2.75 - - - - 3.74 - - 0.26 
1962 7.65 3.29 - - - - 0.07 - .- -2.20 
1963 7.89 3.32 13.88 - - -1.54 242.68 5.83 -3.67 
1964 5.97 3.39 15.33 - - 2.88 220.70 7.84 -1.62 
1965 7.69 3.46 15.99 - - 4.64 234.51 7.87 -1.37 
1966 12.12 3.58 16.17 - - 7.18 241.78 7.51 -0.38 
1967 7.17 3.14 16.44 - - -0.90 249.87 8.59 -2.35 
1968 7.84 3.23 16.36 - - -0.60 273.23 7.53 -4.33 
1969 7.33 3.22 25.12 - - 2.03 323.32 - - -4.65 
1970 5.87 3.18 14.98 - - -0.63 340.10 4.18 -5.24 
1971 3.88 3.11 16.27 -  1.55 316.78 6.41 -3.43 
1972 4.77 3.03 17.08 -  8.63 334.23 6.96 -1.30 
1973 10.60 2.85 17.52 - - 20.20 340.81 7.80 -1.76 
1974 6.29 2.76 17.95 -  18.86 307.62 9.47 -2.95 
1975 6.18 2.67 17.68 - - 2.78 305.05 9.53 -4.97 
1976 8.25 2.58 16.99 - - 3.94 305.34 9.10 -2.62 
1977 6.86 2.50 16.48 8.00 8.59 323.61 8.40 -5.84 
1978 9.27 2.10 16.21 8.00 8.61 328.70 9.29 -4.38 
1979 5.11 2.02 15.69 8.25 11.60 359.25 8.45 -6.74 
1980 5.84 1.94 15.57 12.00 16.43 377.77 8.24 -5.93 
1981 5.01 1.87 14.32 12.50 7.99 392.16 7.01 -5.39 
1982 3.44 1.79 14.14 13.00 3.39 378.49 7.36 -0.13 
1983 6.14 1.98 14.29 13.00 3.21 426.16 5.85 -5.70 
1984 4.59 1.86 15.24 13.00 1.30 435.69 7.13 -2.35 
1985 1.97 .. .. 13.00 2.02 . 0.67 
1986 3.35 - - - 9.75 1.95 .. .. 3.74 

No':es: 
Col. 1 Annual rate of increase in net real national income.
 
Col. 2 Annual rate of increase of population calculated from five year
 

moving averages of population numbers.
 
Col. 3 	Percentage of national income saved calculated from five year
 

moving averages of total net savings and the five year moving
 
averages of national income.
 

Col. 4 	Nominal rate of interest.
 
Col. 5 	Rate of increase of GDP deflator.
 
Col. 6 	Net annual investment/annual increment of real national income,
 

both in five year moving averages.

Col. 7 	Column 3 minus Column 2 multi' ied by Column 6 divided by 100.
 
Col. 8 	Exports surplus (capital outflow; if negative, then capital


inflow) 	as percentage of national income.
 



Table 9 
Statistics Releated to Economic Takeoff-Philippines
 

(in percentage)
1 2 3 
 4 
 5 
 6 
 7 
 8
Interest 

LyIy 	 (SI-(/y)
J,/L S/Y Rate LPIP 
 X/!Y (L/L) (X-M)/Y
 

14-OL5 9.99 
 3.00 11.02
1952 7.60 	 2.00 0.78 146.27 6.62
3.06 12.12 	 0.54
2.00 -2.14
1953 	 140.25
6.97 	 7.83
3.05 11.73 	 0.77
2.00 -1.93
1954 7.86 	 151.95
3.06 11.66 	 7.09 2.46

1955 6.48 3.06 	

1.50 -3.64 161.92 6.70
11.64 	 1.18
1.50
1956 7.64 	 0.03 186.71
3.06 11.15 1.50 	 5.93 -0.33

1957 	 1.47 207.97 

1958 

5.20 3.05 11.53 4.50 3,66 	
4.79 -0.51


227.88
3.89 3.07 11.66 	 4.57 -2.99

1959 	 1.91 284.76
5.80 3.16 11.77 

4.50 	 2.93 -0.88
6.50
1960 0.86 	 2.35 297.42 2.37
3.14 11.64 	 0.49
5.00
1961 6.65 3.01 12.45 	
5.44 294.37 2.40 0.23
3.00
1962 5.04 3.01 12.26 	
2.52 270.80 4.29 -1.61
6.00
1963 6.48 	 6.46 315.92 3.15
2.99 3.3.27 	 -2.57
 

1964 2.93 	 6.00 8.67 288.58 4.64
2.90 13.94 	 1.24

1965 	 4.46 315.92
4.60 2.91 14.32 

6.00 	 4.76 -0.65
6.00
1966 	 4.12 327.51
4.16 3.01 13.51 4.75 	 4.78 0.05

1967 	 5.50 343,90
4.76 3.01 12.55 6.00 	 3.15 1.77

1968 5.33 	 6.49 309.58 3.24
3.01 12.40 	 -'.03
7.50
1969 5.09 	 5.02 328.29 2.52
2,97 11.88 	 -3.54
10.00
1970 3.14 	 4.56 311.70 2.60
2,95 	 -3.81
11.68 10.00
1971 5.20 2.93 	 14.32 303.61 2.72
11.86 10.00 	 -0,39
12.32
1972 4.60 2.92 	 233.71 5.03 -0.87
12.82 10.00
1973 10.91 	 6.70 245.01
2.67 13.04 10.00 	 5.67 -0.90
18.11
1974 	 272.24
6.06 2.75 14.08 	 5.75 -0.21
6.00 31.00
1975 	 289.65
4.27 2.72 15.Z2 	 6.11 -3.43
6.00
1976 7.75 2.68 	 8.32 304.45 6.95
15.90 	 -7.55
6.00
1977 6.42 	 9.18 374.65 5.86
2.64 16.53 	 -7.08
 
1978 5.83 2.80 	

6.00 7.39 382.39 6.42
17.07 	 -4.20

1979 6.94 2.68 	

4.00 9.22 383.92 6.30
17.05 	 -5.55
11.00 
 15.23
1980 	 455.00
5.13 2.64 16.12 	 4.88 -6.13
4.54
1981 2.51 	 15.59 548.44
2.60 15.08 	 1.67 -6.30
6.9 10.96
1982 1.61 2.55 13.21 676.98 -2.50 -6.06

1983 1.09 2,50 11.23 

6.30 8.41 3287.63 -70.52 -7.70

1984 -6.91 3.05 11.67 -1041.02 37.25*
2.10 	 -7.62
9.67 22.11
1985 -5.42 " -	

49.83 -610.80 22.48* -0.14- - 11.501986 	 17.72
1.01 
 3.42
9.63 
 1.15 
 .. 
 .. 7.22
 

Notes:Col. 	1 
Annual rate of increase in net real national income.
Col. 2 
Annual rate of increase of population calculated from five year

Col. 3 moving averages of population numbers.
Percentage of 	national income saved calculated from five year
moving averages of total net savings and the five year moving
averages of national income.
Col. 4 
Nominal rate of interest.
Col. 5

Col. 6 

Rate of increase of GDP deflator.
Net annual investment/annual Increment of real national income,

Col. 7 

both in five year moving averages.
Colui 3 minus Coumn 2 multiplied by Column 6 divided by 100.
Col. 8 
Exports surplus (capital outflow; 
if negative, then capit.I
inflow) as percentage of national income.

*These positive figures have no meaning as they are obtained from negative
investment/output increment ratios. (See above, p.13, second paragraph).
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Table 10 
Statistics Releated to Economic Takeoff-Brazil
 
(in percentage)
 

1 2 3 4 5 
 6 7 

Interest 	 (S/y)-fil/Y)
AY/Y 	 AL/L SlY 
 Rate AP/P I/LY (6L'L) (X-H)iY
 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

-
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- 
b.-#3 

44.18 
1.61 
5.87 

10.92 
9.99 
1.99 

12.23 
10.98 
13.62 
9.66 
4.17 
9.11 
4.66 
8.41 
7.38 
8.20 

-4.91 
-4.23 

- -

2 .74 
2.86 
2.99 
2.99 
2.99 
2.99 
2.99 
2.99 
3.03 
3.05 
3.09 
3.06 
3.04 
2.87 
2.81 
2.74 
2.73 
2.70 
2.79 
2.80 
2.66 
2.59 
2.55 
2.47 
2.41 
2.4b 
2.48 
2.97 
2.90 
4.84 
2.78 
2.73 
2.25 

.. .. .. .. 

. .. .. .. 

. .. .. .. 

. .. .. .. 

. .. .. .. 

. .. .. .. 
... ... 

. .. .. .. 

. .. .. .. 

. .. .. .. 

. .. .. .. 

. . . .. .. 
17.04 - - -. -.. 
17.93 -  87.91 
17.48 -  32.42 
18.14 -  40.60 
18.78 - - 27.52 
18.88 -  27.99 
19.16 - - 20.96 
19.92 -  17.92 
21.26 18.00 18.64 
21.15 15.90 19.17 
20.61 13.80 23.32 
19.70 15.80 33.57 
19.09 18.30 36.27 
18.02 30.20 47.37 
17.12 32.20 46.21 
16.55 34.50 38.90 
16.77 32.60 55.61 
15.32 35.40 91.72 

- - 88.70 102.50 
- - 110.00 92.87 
- - 168.60 151.86 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
- -

158.46 
167.75 
336.36 
261.75 
248.61 
246.50 
263.13 
269.11 
272.60 
301.07 
312.47 
301.94 
261.36 
427.91 
665.02 

W -

- -
- -

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.... 
- -

13.79 
14.21 
9.81 

11.85 
12.97 
14.72 
14.33 
13.76 
12.96 
11.84 
10.27 
9.64 
8.80 
4.35 

-3.58 
- -

- -
- -

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

2.38 
- -

- -
-0.87 

- -

-0.54 
-1.63 
-1.85 
-1.32 
-6.32 
-4.24 
-2.57 
-0.73 
-1.23 
-2.14 
-2.30 
-0.40 
-0.78 

1984 2.23 .. .. 210.54 - - - -
1985 
1986 

.. 

.... 
.. .. 

.. 
234.77 
142.40 

. 
- -

- -
- -

Notes:
 
Col. 1 
Annual rate of increase in net real national income.

Col. 2 	Annual rate of increase of population calculated from five year


moving averages of population numbers.

Col. 3 	Percentage of national income saved calculated from five year
moving averages of total net savings and the five year moving
 

averages of national income.
 
Col. 4 	Nominal rate of interest.
 
Col. 5 	Rate of increase of GDP deflator.

Col. 6 	Net annual Investment/annual increment of real national Income,


both in 	five year moving averages.
Co. 7 	Column 3 minus Column 2 multiplied by Coluni 6 divided by 100.

Col. 8 
Exports 	surplus (capital outflow; if negative, then capital


inflow) 	as percentage of national income.
 



- -
-- 
- -

- -
- -
- -
- -

Table 11 
 Statistics Releated to Economic Takeoff-Columbia
 

1 2 3 (in percentage)
4 5 
 6 7 
 8
 
.lY/Y Interest (SIy)-(IIy)LLIL SlY Rate LP/P I/lY (L/L) (X-H)/Y

1951 -  2.15  - - - 10.30  -1952 - - - - 2.16 -  - - 1.53 - ism-3 - - - 2.77 -- - - 4.82 --1954 - - - 3.36 -  - - 11.22 - 1955 - - 3.54 - - - - -0.06 - 1956 - - - - - 3.71 -  - - 7.78 - 1957 - - 3.86 - - - - - 17.23 - 1958 - - 3.50 
 - - - - 13.33 - 1959 -  3.20 -  - - 6.66 - 1960 
 - - 3.20 -  - - 8.48 . -  -1961 -0.98 3.19  - - 8.21 - 1962 6.05 - - -2.003.19 7.86 - - 6.66
1963 8.80 3.19 - - - - -0.907.99 -  23.20 181.37
1964 8.26 2.20 -1.29
3.02 8.91 
 - - 16.35 175.77 3.60
1965 -1.62
3.35 2.91 10.24 -  9.17 206.99 4.22 1.13
1966 4.74 
 2.80 11.10 
1967 4.09 

- 14.92 242.86 4.29 -3.30
2.71 11.73 
 - - 8.51 268.37 4.47
1968 5.89 2.62 13.53 - - 0.58
 
1969 6.31 9.3F 193.01 8.46 -1.46
2.69 12.36 - - 8.20 
 257.96 
 5.42 -1.29
1970 19.01 2.71 13.98 -  9.49 185.00 8.97
1971 -1.31
-4.62 2.80 15.74 - - 10.81 
 196.07 10.24 -4.62
1972 19.94 
 2.84 17.26 - 12.97 218.86 11.05
1973 0.46
6.85 2.86 
 17.32 -  20.16 316.50
1974 6.45 8.25 2.31
2.90 19.84 - - 25.38 
 271.46 11.96 -1.11
1975 1.83 
 2.23 20.61 - 22.81 399.46 11.72
1976 1.84
4.68 2.19 
 20.69 -  25.46 364.50 12.72 3.22
1977 4.85 
 2.00 20.57 
 - - 29.15 358.86 13.40
1978 3.72
8.62 1.84 20.63 - - 17.10 
 343.16 14.33 2.86
1979 5.76 1.68 
 19.74 -  24.04 399.32 13.02
1980 4.28 2.16 18.51 1.79
 

- - 27.61 510.58 7.481981 0.63
2.00 17.83 

1982 

1.85 31.30 22.77 798.12 1.88 -3.61
0.03 2.03 
 17.43 29.50 
 24.77 1123.03
1983 1.10 -5.34 -4.37
2.02 
 - 28.00 20.40 .1984 1.77 - -2.852.01 -  28.70 22.18 .1985 0.60
.. 
 .. 
 .. 29.10 23.16 .. 
 ....
1986 . .
 .... 
 .. 25.30 .. 
 ....
 

Notes:
 
Col. 1 
Annual rate of increase in net real national income.
Col. 2 
Annual rate of increase of population calculated from five year
moving avera es 
of population numbers.
Col. 3 
Percentage oi national 4ncome saved calculated from five year
moving averages of total net savings and the five year moving
averages of national income.

Col. 4 
Nominal rate of interest.

Col. 5 
Rate of increase of GDP deflator.
Col. 6 
Net annual investment/annual increment of real national income,
both in five year moving averages.
Col. 7 
Column 3 minus Column 2 multiplied by Column 6 divided by 100.
Col. 8 
Exports surplus (capital outflow; if negative, then capital
inflow) as percentage of national income.
 



Statistics Releated to Economic Takeoff-Mexico
Table 12 

(in percentage)
 

1 2 3 4 5 6 7 8 

LY/Y L/L S/Y 
Interest 
Rat AP/P I/LY 

(S/Y)-(I/6Y)
(L//L) (X-H)/Y 

1951 - 3.24 . .. . 19.75 - .. .. 

1952 
1953_ 

-
-

3.32 
3.07 

. .. . 7.57 
-1.00 

-
-

.. 

.. 
.. 
. ... 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

-
-

-
- -

5.29 
2.95 
8.54 
4.53 
4.77 

13.02 
13.63 
4.25 
4.18 
7.60 
8.97 
6.23 
8.07 
4.24 
8.43 
8.41 
5.80 
5.33 
3.60 
2.98 
8.27 
8.84 
8.40 
7.09 

-2.76 
-6.18 
3.85 

3.14 
3.21 
3.27 
3.32 
3.36 
3.38 
3.40 
3.42 
3.42 
3.44 
3.44 
3.45 
3.46 
3.47 
3.50 
3.51 
3.51 
3.51 
3.50 
3.48 
3.39 
3.28 
3.16 
3.03 
2.90 
2.82 
2.76 
2.69 
2.60 
2.50 
2.22 

. .. 

. . 

. . 

. . 

.. 
5.60 
5.94 
8.10 

10.54 
11.42 
12.08 
12.90 
12.95 
12.85 
13.90 
14.57 
15.09 
15.58 
16.05 
16.10 
16,41 
17.09 
17.60 
18.38 
19.88 
21.35 
22.48 
24.19 
25.43 

- -
- -

. 
. . 
. . 
. . 
.. 

- -

- -
- -
- -
- -
- -
- -
- -
- 
- 
- 
- 
- 
- -
- -
- -
- -
- 

11.00 
12.00 
16.75 
26.15 
29.57 
52.54 
54.70 
48.36 

11.50 
12.54 
6.78 
6.77 
5.66 
3.99 
4.71 
1.31 
3.65 
0.33 
1.74 
6.91 
4.95 
1.89 
2.39 
3.98 

10.84 
5.88 
6.22 

12.86 
22.71 
15.78 
19.57 
30.40 
16.75 
20.23 
28.70 
27.25 
61.19 
92.15 
61.78 

-.... 
- .. 
- .. 
- .. 
.
.

134.93 
134.12 
136.04 
161.46 
175.29 
179.70 
195.58 
228.23 
227.07 
245.90 
246.12 
252.25 
269.41 
295.83 
314.27 
385.47 
383.69 
351.45 
336.68 
332.76 
414.86 
827.57 

1140.94 
.. 
.. 

.. 

.. 

.. 
-

1.35 
3.51 
5.88 
5.86 
6.05 
6.69 
6.18 
4.92 
5.96 
5.93 
6.45 
6.74 
6.62 
5.80 
5.76 
4.44 
5.46 
7.72 

10.13 
10.95 
11.f 4 
1.96 

-4.25 
.. 
.. 

-2.33 
1.66 
0.33 
-1.50 
-0.61 
0.25 

-0.71 
-1.62 
-0.26 
0.04 

-0.71 
-1.66 
-0.89 
-2.05 
-1.16 
-0.82 
-1.13 
-2.33 
-2.94 
-1.49 
0.11 

-0.62 
-1.38 
-1.03 
-1.81 
6.95 

11.41 
9.17 

1985 -.. .. 59.48 54.42 .. .... 
1986 .. .. 84.68 .. .. ... .. 

Notes:
 
Col. 1 Annual rate of increase in net real national income.
 
Col. 2 Annual rate of increase of population calculated from five year
 

moving averages of population numbers.
 
Col. 3 Percentage of national income saved calculated from five year
 

moving averages of total net savings and the five year moving
 
averages of national income.
 

Col. 4 Nominal rate of interest.
 
Col. 5 Rate of increase of GDP deflator.
 
Col. 6 Net annual investment/annual increment of real national income,
 

both in five year moving averages.
 
Col. 7 Column 3 minus Column 2 multiplied by Column 6 divided by 100.
 
Col. 8 Exports surplus (capital outflow; if negative, then capital
 

inflow) as percentage of national income.
 



Table 13 
Statistics Releated to Economic Takeoff-Peru
1 
 2 
 3 
 4
Interest 5 
 6 (in
tY/Y 	 percentage)
LL/L 
 SlY 
 Rate 	 7-8
Lp/p 
 Ily 	(SLy)-(I 
 X-y)
1951 -	
(6L/L) (X-M)/y- 34.61.S_ 	 ----2 -  20.23 	 

1953 -	 - - " " -	 1.98 - " " 1954 -	 - - , .-
 2.08 	 " " 
 -1.06
1955 	 - - - 2.23 	 - -  -22 .99
1956 - -	 2.38 - - " 
- - -	

" -4-3.611957 -	 - - 2.55 	 - - " -
1958 
 - 2.66 	 . 
- -	 6421959 -

-	
- -	 2.78 - " " 6.871960 -

- 9.50 - -	 --4 . 
-	 2.87 - - 9.50 	 - -0.2371961 	 - 9.15 
 2.95 	 - - -	 -0.231962 	 9.50 .65 1
10.54 	 3.00 	 - " - .9217.02
1963 3.77 	 9.50
3.06 	 4.18
1964 15.89 	 - .8.25 9.50 	 " " 
3.08 7.92 	 1.19
14.91 	 241.15
1965 	 9.50 8.50
4.98 2.97 14.90 	 -3.46
13.51 	 250.38
1966 	 9.50 7.20
6.44 2.94 13.08 	 2.23
12.75 	 310.22
1967 
 2.33 9.50 	 4.30
2.92 11.22 	 -1.50
11.60 	 342.80
1968 	 9.50 2.69
-0.80 2.92 10.81 	 -1.66
11.42 	 354.61
1969 4.69 9.50 	 1.24
2.49 18,42 	 -3.00
10.61 	 250.92
1970 8.87 9.50 	 4. 0
2.52 8.02 	 1.73
10.06 	 226.99
1971 5.42 9.50 	 4 .96
2.52 7.32 	 3.16
10.29 	 168.34
1972 6.193 	 9.50 4 .5 5.82
2.9 	 143.00 4.41
1973 9.99 	 6.69
7.19 2.44 9.50 5.30 	 0.90
156.44
8.74
1974 	 9.50 6.10
7.79 	 14.77 0.84
2.76 	 225.01
1975 2.32 8.36 9.50 	 3.25
2.76 16.59 	 -0.54
7.90 	 272.3
1976 	 9.50 0.85
20.10
2.49 2.72 	 393.3 -0.5
-2.99
1977 8.53 12.50 	 -10.48
-1.22 	 34.45
2.70 	 1019.97
1978 -4.13 11.61 14.50 	 -19.18
2.68 38.77 	 -6.07
14.21 	 1626.77
1979 	 28.50 -32.25
4.58 2.65 61.39 	 -3.83
15.43 	 919.11
1980 	 29.50 -10.38
5.00 	 78.31 3.62
2.66 	 937.55
1981 16.98 29.50 	 -9.45
2.85 2.66 54.91 	 13.74
16.81 	 879.91
1982 	 44.50 -6.40
0.32 	 66.30
2.65 	 -4551.91 4.14
1983 	 -13.32 15.26 44.s0 137.79
2.63 	 -4.82
" - 60.00 65.01 -41468.311984 	 110177 1112.16*
6.29 2.63 	 - - 11127-4 

1985 -	 00 11.7•60 
-
-	 60.00 11719 .93 

1986 - -	 0.27159.72 
 4.93
 

Notes:Col. 	1 

Col, 2 movCng averae 


Annual rate of increase in net real national income.
 
Annual rate ofofincreasaeonl
nease of Population calculated from five year
 Col. 3 
mercentage0 
o f poPulation numbers.


g national income saved calculated
moving averages of total net savings and the five year moving
averages of national income.
 

from five year
 
Col. 
4 

Col. 5 

Nominal rate of interest.

Col. 6 Rate of increase of GDP deflator.
Net annual investment/annual
both in five increment of real national income,
Col. 7 year moving 
averages.
Col. 8 


Column 3 minus Column 2 multiplied by Column 6 divided by 100.

Exports surplus (capital Outflow; if negative, then capital
inflow) as 
percentage of national income,
* These 	Positive figures have no meaning as they are obtained from negative
investment/output increment ratios. (See above. p.13, second paragraph).
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Table 14 
 Statistics Releated to Economic Takeoff-Venezuela
 
(in percentage)
1 2 3 4 5 
 6 7 


Interest (SlY)LY/Y LL/L S/Y Rate 
 tP/P I/AY (L/L) Y) (X-M)Y
 

195-1- 11.25 3.71 34.95 
 2.00 -1.51 .. .. 12.86
1952 6.79 3.93 35.71 2.00 0.15 -. . 10.271953 6.38 4.19 36.22 2.00 -0.22 322.55 22.72 9.43
1954 10.53 4.13 36.04 2.00 
 0.87 338.15 22.09 10.39

1955 7.43 4.03 34.64 2.00 0.33 385.33 19.11 13.08
1956 8.38 3.97 32.65 2.00 3.12 356.66 18.48 11.88

1957 1.35 3.92 30.21 2.00 12.d9 331.43 17.23 8.93

1958 7.59 3.83 
 28.21 2.00 1.75 345.33 14.98 5.31
1959 9.37 3.75 27.02 4.50 -3.76 337.6-4 14.37 6.91

1960 2.28 3.64 26.78 4.50 -3.42 228.31 18.47 14.75
1961 4.37 3.51 27.83 4.50 0.25 188.09 21.22 18.17

1962 8.02 3.44 28.67 4.50 0.19 173.43 22.70 19.62
1963 8.17 3.46 28.87 4.50 1.94 176.82 22.76 20.94

1964 10.09 3.49 
 28.22 4.50 0.98 202.24 21.17 14.68
1965 5.98 3.44 27.28 4.50 0.33 236.52 19.14 11.69

1966 2.75 3.44 27.46 4.50 1.69 307.18 16.88 11.59

1967 4.26 3.42 
 27.41 4.50 1.44 392,68 13.99 11.48

1968 5.02 3.37 27.87 4.50 3.03 334.17 16.61 8.73

1969 4.85 3.28 29.14 5.50 -1.21 395.16 16.18 8.20

1970 12.41 3.28 29.90 5.00 3.61 418.73 16.19 5.28

1971 1.86 3.23 30.93 5.00 6.55 407.78 17.76 7.30

1972 5.82 3.19 
 34.83 5.00 4.26 337.04 24.09 3.78
1973 6.51 4.37 35.78 5.00 12.10 370.89 19.59 10.93

1974 10.71 4.39 35.46 5.00 44.46 
 335.30 20.73 26.91

1975 8.58 
 4.44 34.95 7.00 -0.80 379.74 18.08 8.50
1976 8.67 4.48 32.58 7.00 5.17 494.98 10.41 1.48
1977 5.78 4.49 29.39 7.00 8.00 678.50 -1.06 -8.30
1978 1.30 3.46 28.19 7.50 6.30 992.57 -6.11 -14.22
1979 1.58 3,35 26.59 11.00 21.26 1874.91 -36.30 2.08
1980 -0.62 3.23 Z4.24 11,00 24.85 -10724.50 370.85* 8.771981 -0.22 3.09 22.78 14.00 12.54 -877.30 49.90* 6.21
1982 -3.11 2.97 21.40 13.00 1.44 -601.78 39.29* -3.38
1983 -7.66 2.89 19.47 - - 5.66 -457.84 32.69* 12.30
1984 0.11 2.82 17.18 15.87 21.61 -635.62 35.09* 12.55
1985 -1.59 .. .. 12.94 
 6.47 -	 11.16
1986 4.44 .. .. 12,79 3.23 .-	 1.09
 

Notes:
 
Col. 1 Annual rate of increase in net real national income.
 
Col. 2 Annual rate of increase of population calculated from five year


moving averages of population numbers.

Col. 3 Perentage of national income saved calculated from five year


maviug averages of total net savings and the five year moving

averageR of national income.
 

Col. 4 Nominal rate of interest.
 
Col. 5 Rate of increase of GDP deflator.
 
Col. 6 Net annual investment/annual increment of real national income,


both in five year moving Averages.

Col. 7 Column 3 minus Column 2 mul 
 plied by Column 6 divided by 100.
 
Col. 8 Exports surplus (capital outflow; if negative, then capital


inflow) as percentage of national incume.
 

* 	 These positive figures have no meaning as they are obtained from negative
investment/output increment ratios. (See above, p.13, second paragraph). 

V. 
1 

http:10724.50


-- 
--- 

---

- - - -

- -

- -

Table 15 

1 
 2 

Statistics Releated to Economic Takeoff-Tanzania
 
13 (in percentage)


4
LIY/Y L/L Interest 

567 
8S/Y Rate LP/P fsIy)-(I/y)
I/Y (OL/L) 
 (X-M)/Y1951  -1'52 


-" " 
113 2.08
1954 
 -

1955 - 2.06 - - - " "-

1956 
- - 2.08 

- - - - - - 

- - 2.15 


1957 
 - - 2.251958 
 - -
 2.33
1959  - 2.40 
1960 
 2.48 . . " "1961 - - " - - 2.48 . . . " "" " 1962 " - - 2.47 - . . 
1963 -

. . " " " - " " 
- " 

- 2.47 . . . " 1964 " " - - 2.48 
-- " " " "

" 
1965 
 2.47
1966 - " "13.21 
 2.53 " - - -1967 3.20 2.57 - - 1.65 4.9710.09
1968 19- 5.92.6!2.65 -. 23 " 

" 01.9
12.25 - 
5.89 - "122" 1969 1.87 2.69 - m .95 242.50 0.311.66


12.09 5.93
1970 6.12 - " 3.15 -2.652.69 383.99
11.79 1.91
1971 3.87 - - 4.83 0.322.68 342.79
11.29 " 2.57
1972 " 2.69 -4.71
7.04 425.09
2.6 9.66 -0.10
1973 - -9.421.75 2.91 6.66 '16.15
773 -1.50
1974 " - -5.544.26 13.81
3.86 405.74
9.24 -4.09
1975 6.13 4.00 19.09 -7.40
3.90 206.81
11.36 1.27
1976 25.25 4.00 12,46 -14.35
3.95 253.42
10.80 1.48
1977 3.04 4.00 7.88 -13.42
3.98 275.81
21.79 -0.09
1978 4.00 -2.23
3.05 11.81
3.89 327.84
11.89 -1.26
1979 1.20 4.00 8.27 -3.36
3.16 399.29
10.76 -3.64
1980 0.69 4.00 10.63 -15.54
3.17 1533.,1 
 -37.69
1981 -0.64 9.04 6.25 17.60 -13.19

3.20 1761.31
9.51 -46.87
1982 1.71 6.25 19.03 -13.35
3.21 3519.85
7.98 -102.96
1983 -0.20 3.18 6.25 17.50 2040.83 -8.48
 

7.17 -57.55
1984 2.62 6.25 9.52 -7.35
2256.38
3.22 -64.62
1985
1986 -0.04 6.22 -5.69
._ 4.00
- 11.90" " - 4.50 . -
8.50 43.19-5 . . " " 98
-9.50
" 
 -. 50" 


Noteo:Col. I 

Col. 2 

Annual rate of increase in net real national Income.
Annual rate of Increase of Population calculated from five year
Col. 
3 moving averages of Population numbers.
Percentage of national income saved calculated from five year
moving averages of total net savings and the five year moving
averages of national income.
Col. 4 

Col. 5 

Nominal rate of interest.
 
Col. 6 Rate of increase of GDP deflator.
Net annual investment/annual 
increment of real national income,
Col. 7 
CoLuw
both in five year moving averages.
Col. 8 


3 minus Column 2 multi lied by Column 6 divided by 100.

Exports surplus (capital outflow; if negative, then capital
inflow) as percentage of national income.
 

http:0.311.66


Table 16 
Statistics Releated to Eccnomic Takeoff-Morocco
 

1 2 3 4 5 6 
(in percentage)
7 8 

LY/Y LL/L SlY 
Interest 
Rate 6P/P I/A Y 

(S/Y)-(I/AY)
(6L/L) (X-M)lY 

1951 - - .03 - - - - - -
1952 - - 2.25 - - - -. .-
1953 - - 2,48 -- -.- --.. 

1955 
-
-

-
-

2.69 
2.74 -

-
-

-
- - -. 

- - - .-

1956 -  2.81 - - - . - -
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

- 
- -
-3.74 
2.11 
1.71 

16.51 
-2.17 
i'II 
1.67 

-1.93 
7.13 

12.28 
-2.71 
4.74 
6.25 
3.0: 
4.04 

14.98 
3.94 

10.39 
2.14 
2.79 
4.28 
1.74 

-2.80 
6.74 
2.38 
- -
... 
. .. 

2.90 
2.86 
3.85 
2.75 
2.59 
2.31 
2.26 
2.24 
2.27 
2.60 
3.09 
3.31 
2.82 
2.73 
2.80 
2.58 
3.52 
3.01 
3.17 
3.00 
2.99 
2.98 
2.98 
2.05 
1.98 
1A2 
1.b3 
1.74 

. 

. 

. --
-. 
. -. 
5.19 
5.39 
6.48 
7.24 
8.44 
9.59 

11.19 
1i.01 
10.91 
11.22 
1:1.23 
10.39 
12.29 
12.36 
11.66 
11.76 
11.33 
9.63 
8.72 
7.40 
6.04 
5.21 
- -
- -
- -
.. 
. . 

-....-
. 

- -
- -
- 
- -
- -
- -
- -
- 
- 
- 
- -
- -
- -
- -
- 
- -
- -
- -
4.50 
4.50 
4.90 
6.00 
6.40 
6.50 
6.50 
8.00 
8.50 

0.39 
4.14 
5.88 

-2.46 
1.28 

15.23 
4.19 
3.43 

-1.05 
-0.52 
0.12 

21.15 
2.85 
3.99 
3.89 
5.84 

17.96 
4.02 
5.30 

13.95 
7.21 
7.62 
9.32 

10.53 
9.93 
2.66 
8.40 
9.27 
. .... 

--. 

. . . 

.... 

.. .. 
255.91 -1,25 
219.38 1.41 
236.75 1.89 
320.02 1.27 
787.81 -8.30 
256.13 4.52 
344.22 0.39 
321.11 0.27 
249.18 4.20 
286.35 3.43 
386.87 -.0.44 
208.86 6.90 
246.08 6.17 
258.87 3.88 
338.47 1.04 
388.31 -0.33 
540.67 -6.56 
581.51 -8.62 

1362.99 -33.22 
763.85 -9.64 
720.76 -9.07 
26.50 -21.93 
.
.. .... 
. ..... 

.. 

. 
-1.73 
1.35 
1.02 

-3.56 
-3.60 
-1.72 
2.05 
2.96 
1.20 

-0.98 
- -

-0.45 
-3.22 
-2.19 
0.04 

-0.36 
0.57 

-9.66 
-17.55 
-19.04 
-12.56 
-11.86 
-10.55 
-14.52 
-13.97 

8.87 

. 

Notes: 
Col. 1 
Annual rate of increase in net real national income.
Col. 2 	Annual rate of increase of population calculated from five year


moving averages of population numbers.

Col. 3 	Percentage of national income saved calculated from five year


moving averages of tot&l net savings and the five year moving

averages of national income.
 

Col. 4 	Nominal rate of interest.
 
Col. 5 Rate of fncrease of GDP deflator.
 
Col. 6 Net annual investment/annual increment of real national income,


both in five year moving averages.
Col. 7 	Column 3 minus Column 2 multiplied by Column 6 divided by 100.
Col. 8 
Exports surplus (cipital outflow; if negative, then capital

inflow) as percentage of national income.
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COMMENT ON S. C. TSIANG'S
 

"SUCCESS OR FAILURE IN ECONOMIC TAKEOFF"
 

by Gregory C. Chow
 

This paper asks an interesting and important question, why some countries
 

have succeeded and others have failed in achieving economic growth. It is
 

broad in scope, covering theory, empirical analysis and policy
 

recommendations. It attemps to give an integrated answer to the question
 

raised. 
 In this conference, some have proposed theoretical contributions to
 

explain economic growth which are not ready for empirical implementation,
 

while others have proposed more readily testable theories, but have not
 

performed the empirical analysis. By comparison, S. C. Tsiang's paper is
 

more integrated, drawing on the author's theory of economic growth to study
 

the empirical evidence from fourteen countries. If one is critical of
 

certain aspects of this paper, one should keep in mind the ambiticus task
 

that it is assigned to do. As a word on motivation, our chair Arnold
 

Harberger has pointed out that S. C. Tsiang, together with the late T. C.
 

Liu, has played an important role inTaiwan's successful economic development
 

by advocating a set of policies described Inthis paper. 
 It is natural for
 

S. C. to ask whether Taiwan's successful experience can be repeated in other
 

developing countries. This question probably has motivated this paper.
 

As it is well known, S. C. Tsiang's model published in Econometrica,
 

1964, explains an underdevelopment trap by introducing three modifications to
 

Solow's neoclassical model of economic growth. 
First, besides capital and
 

labor, land is introduced as a third factor of production which is fixed in
 

supply. Second, the rate of population growth is assumed to depend on per
 

capita real income, first as an increasing function and then a decreasing
 



function. Third, per capita saving is assumed to depend on per capita
 

income, the marginal productivity of capital (which is equated to the real
 

rate of interest), and the income share of the capitalists and landowners.
 

The model consists of three equations, (1) a Cobb-Douglas production function
 

with three factors, (2)a function explaining the rate of population growth
 

by per capita real income, and (3)a savings function as described. It
 

explains the rates of growth of output, labor (assumed to be proportional to
 

population) and the capital stock. To generate an underdevelopment trap,
 

only the second modification to Solow's basic model is needed. When real
 

income increases, if population increases faster, per capita income will be
 

prevented from increasing through the Malthusian mechanism.
 

In this conference, other significant modifications to Solow's model of
 

economic growth have been presented. Some are directed toward explaining the
 

sustained growth in a developed economy, by abandoning the assumption of
 

diminishing returns to physical or human capital, or by endogenizing the rate
 

of technological change. Others are directed toward explaining both an
 

underdevelopment equilibrium and a sustained economic growth by endogenizing
 

the rate of population growth and the formation of human capital. In
 

studying the important question posed by S. C. Tsiang, one should ask to what
 

extent these alternative theories are useful in explaining the successful 
or
 

unsuccessful development experiences of a variety of countries.
 

Guided by his theoretical framework, S. C. examines three important
 

statistics in his empirical analysis and considers the policies of each
 

country which may have affected these statistics. The statistics are: (1)
 

the savings-income ratio S/Y, (2)the ratio of income change to investment
 

A/I, and (3)the rate of population growht I = AL/L. These statistics are
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displayed in the table for each of the fourteen countries studied. They are
 

contained in the key condition for economic growth
 

(131) 

and the left-hand side of (13") is shown in column (7) of each table. The
 

statistics correspond to the three equations in Tsiang's model. To
 

appreciate the importance of condition (13"), one notes that it is equivalent
 

to the condition
 

(13*) AY AL > 

Y L
 

or the condition for the growth of per capite real income, since (13") 

results from multiplying (13*) by (S/AY) and using the condition S = I 

assumed in the model. 

In view of the equivalence of (13") and (13*), I am puzzled by the lack
 

of consistency of the data presented in the statistical tables for the
 

countries examined. For many countries, we find the difference of columns
 

(1) and (2), (AY/Y) - (LL./L), to be positive and column (7)to be negative.
 

This can be due to the condition S = I failing to hold with I much larger
 

than S so that column (7) is negative while the product of (S/AY) and the
 

left-hand side of (13*) is positive. To illustrate, for the year 1956, Table
 

3 on Taiwan shows that the product of column (1)and column (6), or AY/Y and
 

I/AY, is .0449x2.24 = .1006 which should equal I/Y. Yet the ratio S/Y in
 

column (3) is .0483, only half as large. If saving and investment are not
 

equal, the theory has to be modified, or the data have to be made consistent
 

with the theoretical framework. The use of five-year moving averages in
 

computing AL/L, S/Y and I/AY also requires some discussion, including whether
 

it could lead to an inconsistency between (13") and (13*).
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Can the model be used more explicitly to explain the data rather than
 

merely suggesting three important variables to be examined? 
Would it be
 

useful to estimate the three equations of the model for each country, or at
 

least to insert some reasonable values for the parameters? By comparing the
 

parameter values, one may be able to explain Setter the differences in growth
 

rates of real income and of population among countries.
 

Concerning policy evaluation and recommendations based on the three
 

important statistics, we are told that a government should not abitrarily
 

enforce a low rate of interest to encourage investment for this would
 

discourage savings. By implication, neither should the government
 

arbitrarily raise the rate of interest for it may discourage investment.
 

Second, to maintain a high ratio of AY to I, or a low I/AY ratio, the policy
 

recommendation consists of limited or no import restrictions, the
 

encouragement of exports and of import of foreign capital to promote
 

technological change, and the avoidance of overvaluation of the domestic
 

currency inworld trade. 
Third, a policy to reduce the rate of population
 

growth should be adopted. As in the case of statistical analysis, the
 

approach to policy analysis is informal. The role of policies in influencing
 

the three key variables in condition (13") is not explicitly modelled.
 

To illustrate the use of the suggested framework, let us review the data
 

for Taiwan inTable 3. We have found the savings ratio S/Y increasing in the
 

1960's and 1970's, but a satisfactory explanation for this phenomenon is
 

absent. The real rate of interest, or the nominal rate of interest of column
 

(4)minus the inflation rate of column (5), was actually declining from the
 

1950's to the 1960's and 1970's while the savings ratio S/Y was increasing.
 

Could this be due to the effect of the interest rate on investment? With
 

only one equation for savings and investment, how does one identify the
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separate effects of the rate of interest? In Taiwan, the ratio I/AY
 

increpsed somewhat from 1965 on, but not sufficiently to prevent real income
 

from growing rapidly. To what extent can the slow increase in I/Y be
 

attributed to the policies of export expansion and encouragement of foreign
 

investment? As the third factor, the population growth rate declined
 

steadily in Taiwan. To what extent and in what manner can government policy
 

be said to have contributed to this decline?
 

Reviewing the stories for the fourteen countries examined, one often
 

finds it difficult to connect government policies and the observed changes in
 

the three important statistics. In South Korea, for example, the real rate
 

of interest as measured by the difference between the nominal rate and the
 

inflation rate was negative from 1972 to 1980, according to Table 4, and yet
 

the savings ratio raised rapidly during this period. In the case of Hong
 

Kong, with data shown inTable 5, it is hard to explain the rapid increase in
 

S/Y from 1964 on when there was no apparent change in government policy.
 

There was also no discernable change In government policy towards the
 

encouragement of exports and the relaxation of import controls to influence
 

the ratio I/AY. The rate of population growth remained high for most years
 

up to 1981 because of migration from Mainland China, but the high growth rate
 

did not prevent real income per capita from growing rapidly. In the case of
 

Hong Kong and Taiwan, the influx of talented people from Mainland China
 

probably contributed significantly to the successful economic development
 

rather than serving as a drag by raising the rate of population growth. The
 

case of Hong Kong can be used to support the thesis that a laissez-faire
 

policy, with government providing the required infrastructure and law and
 

order, is sufficient to promote rapid economic development, a thesis which
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cannot be contradicted without a very careful examination of the statistical
 

evidence available.
 

It may be of interest to examine the three important statistics for the
 
People's Republic of China. 
According to official data provided by the
 
Statistical Yearbook of China, 1986 (p.41), real national income increased
 
from 1979 to 1985 by an annual rate of about 9.2 percent. 
 With a rate of
 
savings (or accumulation) to income of about 31 percent (p. 49), the
 
relationship (S/Y) = (AY/Y).(I/AY) implies a ratio I/AY of about 3.37, or a
 
ratio AY/I of .297. As population growth was kept to about 1.2 percent per
 
year (p.72), real income growth per capita was about 8 percent per year.
 
These data could be interpreted to mean than in the People's Republic of
 
China, the savings ratio (S/Y) = 
.31 is high enough and the associated ratio
 
(AY/I) = 
.297 is not too small to yield a product of .092 for the rate of
 
real income growth. 
 Is one to conclude that the policies of enforcing a high
 
savings rate, of expanding foreign trade and technology import to keep AY/I

from falling, and of controlling population growth have succeeded in
 
achieving a takeoff to economic growth?
 

To summarize, this paper is ambitious. 
 It attempts to deal with an
 
important question in
an integrated fashion. 
 It has proposed a theoretical
 
framework. 
 It calls 
our attention to the important statistics to examine.
 
S. C. Tsiang's accounting based on these statistics can serve as a basis for
 
trore explicit model building and policy evaluation. This paper has also
 
provided warnings to possible policy mistakes and recommended specific policy
 
options to promote economic growth. 
What more can be expected of a paper?
 
Others have proposed different theories of economic growth. 
 It is of
 
interest to ask how other theories can be applied to answer the important
 
question posed in this paper.
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A Comment on "Success or Failure in Economic Take-off" 
by S.C. Tsiang 

Professor S.C. Tsiang is not only a most distinguished theoristbut also one of the leading architects of the outward-oriented policiesin Taiwan that have led to such spectacular results. Anything he hasto say on the subject of economic development must therefore be of 
great value to all with an interest in this field.
 

He takes 
 as his point of departure Robert Solow's celebrated1956 paper that introduced the neoclassical growth model to theeconomists' tool-kit (along with the contemporaneous contribution byTrevor Swan). After contrasting this model favorably with theprevious Keynesian-inspired models of Harrod and Domar, ProfessorTsiang points to hewhat considers to be various deficiencies in theSolow model, particularly in relation to the problem of "take-off" inless developed countries. He then examines the record of a numberof developing countries, particularly in Asia, and attempts to accountfor success (as in the 'ise of Taiwan, Hong Kong, South Korea andSingapore) and rela,,ve failure (as in the case of IndiaCommunist China) 
and

in terms of the nature of the economic policies 
that the three countries have pursued.effective use of the concept 

He makes elegant andof a "low-level equilibrium trap",emphasizing the role of an opening-up to foreign trade as aparticularly powerful soUrce foT bieaking out of stagnation.
Unfortunately, I find the statements regarding the Harrod-Domar and Solow models and the relationship between them, in theearly part of the paper, inaccurate and misleading. To begin with itis stated that Harrod and Domar regarded the growth of effective

demand as the engine of growth. Neither Harrod nor Domar was ever so naive and foolish as to imagine that continuous growth couldbe obtainedmerely by pumping up effective demand. Both of them,particularly Domar, stressed that it was thorough the expansion ofproductive capacity by augmenting the capital stock that investment
made its contribution to economic growth. It is true that theysimultaneously were concerned about the ofgrowth effectivedemand, to ensure that the expanding capacity would be utilized,
since otherwise the motive to keep on investing would be impaired, 
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precipitating a recession. When Tsiang praises Solow's model
making it clear 

as 
"...that it is the expansion of the productive capacity

of its factors of production that constitutes the real growth of acountry. It has thus contributed greatly towards weakening the
baneful influences of the Keynesian type of growth policy whichseeks to stimulate growth mer y by expanding effective demand" heis compleiely off the mark, and unfair not only to Harrod and Domar
but to Solow as well, whose contribution was more subtle thanmerely pointing out that growth depended upon an augmentation of 
productive capacity. 

The Harrod-DomaT model introduced the simple formula. 

(1) g = sic 

where g is the growth rate of national income, S.is the proportion of
national income that is saved and invested and r. is the incremental 
capital-output ratio ICOR,or the ratio of investment to the increase ofoutput. Just as in the case of MV = PT this relation (1) can be viewed 
as an identity or as a prediction, if s and C are independently
specified. Harrod and 

. 
Domar regarded and £ as exogenously given 

parameters. 
This formula (1) was adapted 1or use in the development

planning exercises that were so popular in the sixties. The
 
modification was simply 
 to write. 

(2) 9 = s/c -p 

where E is the rate of growth of per capita national income and P. the 
rate of growth of population. The typical "development plan" would
specify a value of g- as a target and then derive the value of S thatwould be implied for given values of £, and p.. This value of I would
then have to be attained by taxation, foreign aid otheror measures. 
Thus given c and p., f depended upon 1. 

The implicit production function theof Harrod-Domar model 
was 
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(3) Y =K/c 

Solow replaced this relation, in which output is simplyproportional to capital so thethat marginal (equal to average)
capital-output ratio is constant, with 

(4) Y = F(K,L) 

where output depends on both capital and labor, which aresubstitutable for each other continuously at the margin. Withconstant returns to scale (4) can be written in intensive form as y = f(k) where y is output and k is capital per unit of labor. Solowretained the assumption of an exogenously given savings propensity1. A further key parameter that he introduced was the rate of laboraugmenting technical progress. The variable L(t) in the model canthen be interpreted as "effective" instead of actual labor, and itsgrowth rate defined as IL which is the actual growth rate of the laborforce pljU the exogenously give rate of labor-augmenting technical 
progress.
 

In the "steady state" we must have 

(5) 
 sf(k) = nk 

and it is readily shown thethat economy will converge to a value k*and corresponding y* = f(k*). Note that the capital-output ratio is notsimply L£J-.L, as in Harrod and Domar, but is endogenously
determined in the long run as sjn, as can be seen from (5).

The message for development from the Harrod-Domar model isthus that the growth rate of per capita income can be permanently
raised by raising the propensity to save, lowering the ICOR,lowering the growth 

and 
rate of population. The message of the Solowmodel is that it is only technical progress that can permanently raiseper capita income since changes in the rate of saving or populationgrowth will only cause off-setting adjustments in the steady-state

capital-output ratio, as (5) implies. Solow thus shifted the emphasis 
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from capital accumulation . to technical progress as the true"engine of growth" in the long run.
spurious shift ;rom etlective demand 

It is this shift, and not theto productive capacity asclaimed by Professor Tsiang, that is the real difference between thetwo approaches to the theory of growth. Subsequent research on theso-called "Golden Rule", combined with the early analysis of Ramsey,clarified the issue of "optimal" savings in the context of intertemporal
utility maximization. 

Professor Tsiang next criticizes Solow for three assuri ptions ofthe model which are (a) neglect of fixed natural resources such asland (b) making the growth of population independent of economicvariables such as the level of wages or per capita income and (c)making the propensity to save independent of the level of per capitaincome or the rate of interest. Professor Tsiang modifies all threeassumptions in the required direction and develops a neat model ofthe "low-level equilibrium trap". What I find surprising is his failureto have noticed that Solow made precisely these extensions himselfin the very same 1956 paper (see in particular his Section VI andFigure IX). The work of Harvey Leibenstein and Richard Nelson
should also be mentioned in this regard.

Professor Tsiang uses a criterion (13") of the savings raterequired for take-off to inbe excess of the product of the ICOR andthe population growth rate. This is identical to the savingsrequired for g to be positive in our equation 
rate 

(2). He gives someinteresting statistics for Taiwan and other East Asian economies,showing how there have been huge increases in the savings rate and
growth rates, accompanied by 
 sharp declines in population growth.He uses the criterion (13") to date the take-offs in the sense of thebeginnings of sustained growth in per capita incomes. As GregoryChow has shrewdly obstrved, the siatistics on real interest ratesappear to go in the opposite direction from that required to elicit apositive supply response of savings. While all these favorabledevelopments on savings and growth were accompanied byliberalization of trade and capital markets, and by population controlmeasures the micro foundations of the relationships between these 
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1

policy measures and the favorable growth outcomesin Professor Tsiang's 
are not explored

paper. In particular the paper does not reallycome to grips with the difference between I effects and gS.J _ly L.g.e effects of such measures as increases in savings andliberalization. tradeEveryone (at least those represented at thisconference) would agree that such measures are beneficial but it isnot apparent why growth rates continue to be so high in the EastA.;Ian countries in response to measures that in principle at leastshould have only "one time" effects. My explanation would bediffusion of technical change 
the 

from the United States and Japanthrough foreign investment and other channels but Professor Tsiangdoes not discuss these aspects e.xplicitly.

His stress on the virtues of productivity, thrift 
 and populationcontrol are, in my view, entirely well taken. As I have explained,however, this fits in exactly with the prescriptions of Harrod, Domarand most practitioners of development in the fifties. Solow'sdemonstration that increased thrift could not permanently raise thegrowth of per capita income was not intended by him to denigratethe general desirability of doing this in the interest of raising living

standards. 
What the experience of the NIC's in the sixties and seventieshas shown is the coninuing importance of foreign trade as"engine of growth", just as Marshall and 

an 
Robertson had alwaysmaintained. Under the influence of the Great Depression,perhaps also of the and

Soviet experience, influential development
economists 
 such as Lewis, Nurkse, Rosenstein-Rodan andMahalanobis turned inward in thefr thinking, stressing the role of"balanced growth" for the domestic market instead of relyingadvantages of international specialization. 
on the 

Professor Tsiangentirely right in emphasizing the crucial role of 
is 

international Zrade asthe true "engine of growth" for the modern world economy. 

Ronald Findlay 
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Recent models of economic g:owth can generate long-term growth without
 
relying on exogenous changes intechnology or population. Some of the models
 
amount to theories of technological progress (Romer, 1986), and others to
 
theories of population change (Becker and Barro, 1988). 
 A general feature of
 
these models is the presence of constant or increasing returns in the factors
 
that can be accumulated (Romer, 1988, Lucas, 1988, Rebelo, 1987).
 

One strand of the literature on endogenous economic growth concerns
 

models where private and social returns to investment diverge, so that
 
decentralized choices lead to sub-optimal 
rates of saving and economic growth
 
(Romer, 1986). 
 In this setting private returns to scale may be dminishing,
 

but social returns--which reflect spillovers of knowledge or other
 

externalities---carn be constant 
or increasing. Another line of research 
involves Atodels without externalities, where the privately determined choices 
of saving and growth are Pareto optimal (Rebelo, 1987). These models rely on
 
constant returns to private capital, broadly defined to encompass human and
 

non-human capital.
 

The present analysis builds on both aspects of this literature by
 
incorporating a public sector into a 
simple, constant-returns model of
 
economic growth. 
 Because of familiar externalities associated with public
 

expenditures and taxes, the privately-determined values of saving and
 
economic growth may be sub-optimal. Hence there are interesting choices
 

about government policies, as well as empirical predictions about the
 
relations amonig the size of government, the saving rate, and the rate of
 

economic growth.
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1. 	Growth Models with Optimizing Households
 

As a background I begin with a brief sketch of the standard optimal
 

growth model, due to Ramsey (1928), Cass (1965), and Koopmans (1965). The
 

representative, infinite-lived household seeks to maximize overall utility,
 

as given by
 

(1) 	 U = Ju(c)e-Ptdt
 

where c is consumption and p > 0 isthe constant rate of time preference.
 

Population, which corresponds to the number of consumers, is constant. 
 I use
 

the iso-elastic utility function,
 

(2) 	 u(c) = [cbUOl]/(l0u) 

where a > 0.
 

Each household-producer has access to the production function,
 

(3) 	 y = f(k)
 

where y is output, per worker and k is capital per worker. I interpret
 

y = f(k) as output net of depreciation. The production function satisfies
 

the usual properties, including positive net marginal product of capital
 

(f'> 0) over some range of k, diminishing marginal productivity (f'' < 0),
 

and the limiting conditions, f'(0) = c and f'( ) S 0. There is i o
 

technological progress, in the sense that the function f(.) 
is time
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invariant. 
 The economy isclosed, and produced net output goes either for
 
consumption or net investment. 
The number of workers equals the constant
 
number of households, and each worker works one unit of time. 
That is,I
 
abstract from the labor-leisure choice.
 

As iswell known, the maximization of the representative household's
 
overall utility in equation (1)implies that the growth rate of consumption
 

at each point in time is given by
 

(4) 
 /c= (/0).(f-p) 

Since I omitted the two standard sources of exogenous growth-population
 
change and technological progress-the model has steady-state levels of
 
capital, k*, and consumption, c*. 
 The value k* isdetermined from equation
 
(4)by the condition, f'(k*) 
= 
p. Since net investment iszero in the steady'
 
state, sieady-state consumption is c*
= f(k*).
 

A recent 
strand of endogenous growth models, represented by Rebelo
 
(1987), departs from the standard framework by replacing diminishing returns,
 
f, < 0, with constant returns. 
 In the present setting, which has a single 
type of capital good, the modified production function with constant returns 

to capital is 

(5) 
 y = Ak
 

where A > 
0 isthe constant net marginal product of capital.1
 

IThis formulation effectively reverses Solow's (1956) extension of the Harrod
(191')-Domar(19.1T) model to return to a setting with a fixed capital-outputratio. 
 However, the formulation differs from Iarrod-Domar inthat saving
 

http:191')-Domar(19.1T
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The assumption of constant returns becomes more plausible when capital is
 

viewed broadly to encompass human and non-human capital. Human investments
 

include education and training, as well as expenses for having and raising
 

children (Becker and Barro, 1988). In effect, a family can invest in human
 

capital by improving the quality of its existing members or by deciding to
 

have more members. Inany event, while the returns to broadly-defined
 

capital may not be precisely constant., it ishard to see why economists
 

usually interpret capital narrowly to exclude labor input. It 
seems that
 

labor services depend as much as capital services on prior investment
 

decisions.
 

Of course, human and non-human capital need not be perfect substitutes in
 

production. Therefore production may show roughly constant returns to scale
 

inthe two types of capital taken together, but. diminishing returns ineither
 

input separately. The "Ak" production function shown in equation (5)can be
 

modified to distinguish between two types of capital, and the model can be
 

extended, along the lines of Lucas (1988), Rebelo (1987), and Becker and
 

Murphy (1988), to allow for sectors that produce physical and human capital,
 

respectively. In comparison with the "Ak" model, the main additional results
 

involve transitional dynamics whereby an economy moves from an arbitrary
 

starting ratio of th'sical to human capital to a steady-state ratio. This
 

transition isparticularly important inanalyzing how countries that start
 

from different initial conditions-possibly due to major disturbances such as
 

World War 
ll-might. converge to similar levels of economic performance.
 

choices are privately optimal (as in the analyses of Ramsey (1928), Cass
 
(19G5), and hoopmans (19G5)).
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However, for studying steady-state growth, the important element isconstant
 
returns to scale inthe factors that, can be accumulated-that is,the two
 
types of capital taken together-and not the distinction between the factors.2
 
Since my primary interest in this paper concerns long-term growth, I decided
 
to use the simplest constant-returns-to-scale production function, as given
 
by the "Ak" form iii equation (5).
 

'he analysis does assume that fixed factors are not 
important enough to
 
cause significant departures from constant returns. 
 Even with the existence
 
of land and other natural resources, the results can go through as long as
 
reproducible capital is a 
good substitute for these fixed factors.
 
Alternatively, it may be that fixed factors become binding eventually, but
 
not until the variable factors reach very high levels. 
Then the present
 
analysis may be a
good approximation over a 
wide range of accumulation where
 
the returns to scale in the variable factors are nearly constant.
 

The concppt of capita] can 
include knowledge, accumulated through
 
expenditures oii research and development, as long as this knowledge is
 
private property. Knowledge that isnon-excludable or non-rival brings in
 
issues of sub-optimal economic growth that have been studied by Romer (1986).
 
My study of government as an element ineconomic growth turns out to parallel
 
Romei 's analysib in sous, respects. 

2Jones and Manuelli (1988) show that similar results can obtain ifthe
marginal product of capital 
isdiminishing but has a positive lower bound.
In effect, diminishing returns can apply over a 
range of capital stocks, as
long as roughly constant returns apply asymptotically.
 



6
 

The production function in equation (5)implies f'
= A. Substituting
 

into equation (4)then yields
 

(6) 7 - (=/o).(A-p)
 

where I use the s)mt,ol - to denote a growth rate. I assume that the 

bt.,htology issufficiently productive to ensure positive steady-state growth,
 

but not so productive as to yield unbounded utility. The corresponding
 

inequality conditions are
 

(7) A > p > A(l-o)
 

The first part implies I > 0 in equation (6). The second part, which is
 

satisfied automatically ifA > 0, p > 0, and u > 1, guarantees that the
 

attainable utility isboiunded.
 

In this model the economy isalways at a position of steady-state growth
 

where all variables--c, k, and y-grow at the rate 7 shown in equation (6).
 

Given an 
initial capital stock, k(O), the levels of all variables are also
 

determined. 3 Inparticular, since net investment equals 7k, the initial
 

level of consiimption is 

(8) c(O) = k(O).(A- 7)
 

3With a perfect capital market (and given constant returns to scale and no 
adjustment costs for investment), the scale of a compet-itive firm would beindeterminate inthis model. However, the a regates of capital stock and
 
investment would be determined. In the model considered next, which allows
 
for public services, the scale of an 
individual firm may also be determinate.
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The model isa theory of endogenous growth inthat changes inthe
 
underlying parameters of technology and preferences map into differences in
 
growth rates. 
 From equation (6)the growth rate, 7, is higher if the economy

is more productive (higher A), and lower ifpeople are less patient (higher
 
p) or less willing to substitute intertemporally (higher a).
 

2. The Pubic Sector
 
The contribution of the present paper is to modify the above analysis by


incorporating a 
public sector. 
Let g be the quantity of public services
 
provided to each household-producer. 
I assume that these services are
 
provided without 
user charges, and are not 
subject to congestion effects
 
(which might arise for highways or some other public services). That is,the
 
model abstracts fronm externalities associated with the use of public
 

services.
 

I consider initially the role of public services as an 
input to private

production. 
 It is th.is productive role that creates a 
potentially positive
 
linkage betweer, government and growth. 
I assume now that production exhibits
 
constant returns to scale ink and g together, but diminishing returns in k
 
separately. 
 That is,even with a 
broad concept of private capital,
 
product ion exhihiis decrea'ing returns to private inputs if the 
(complementary) government inputs do not 
expand ina parallel manner. In a
 
recent empirical study, Aschauer (1988) argues that the services from
 
government infrastructure are particularly important inthis context.
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I assume the Cobb-Douglas form of production function,
 

(9) y = f(kg) = Akl'0ga
 

where 0 < a < 1. In equation (9)k is the representative producer's quantity
 

of capital, which would coircpond to the pci capita amount of aggregate
 

capital. I assume that. g can be measured correspondingly by the per capita
 

quantity of government purchases of goods and services.
 

A number of questions can be raised concerning the specification of
 

public services as an input to production. First, the flow of services need
 

not correspond to government purchases, especially when the government owns
 

capital and the national accounts omit an imputed rental income on public
 

capital inthe measure of current purchases. This issue is important for
 

empirical implementation of the model. But conceptually, it is satisfactory 

to think of the governmei. as doing no production and owning no capital.
 

Then the government just buys a flow of output (including services of 

highways, sewers, battleships, etc.) 
from the private sector. These
 

purchased services, which the government makes available to households,
 

correspond to the input that matters for private production in equation (9). 

As long as the govrnrrnt and the private sector have the same production 

functions, the results would be the same if the government buys private 

inputs and does its own production, instead of purchasing only final output 

from the private sector, as I assume. 

A second issue arises if the public services are non-rival for the users 

(as istrue for the space program). Then it isthe total of government 

purchases, rather than the amount per capita, th, .matters for each 
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individual. 
 As is well known at least since Samuelson (1954), this element
 
is important for determining the desirable scale of governmental activity.
 
Bowever, the present analysis can 
be modified to include this aspect of
 
publicness without changing the nature of the subsequent results.
 

Another point is that the Cobb-Douglas technology in equation (9) implies

that private activity, represented by the input k, is 
not a close substitute
 
for public activity, represented by the input g. Private activity would not
 
readily replace public activity if
user charges were difficult to implement,
 
as in the case of such non-excludable services as national defense and the
 
maintenance of law and order. 
In other cases, user charges would be
 
undesirable, either because the service is non-7ival, 
or because external
 
effects cause private production to be too low (as is sometimes argued for
 
basic education).
 

Government expenditure is financed contemporaneously by a flat-rate
 

incomp Tax.
 

(10) g T= ry = rAkl'g 

where T isgovernment. revenue and r is the tax rate. 
 I have normalized the
 
runber of households to uiity, so that g Lo0responds to aggregate
expenditures and T 
to aggregate revenues. 
Note that equation (10) constrains
 
the government to run a 
balanced budget. 
That is,the government can neither
 
finance deficits by issuing debt nor run 
surpluses by accumulating assets.
 

The production function inequation (9)implies that the marginal product
 
of capital is
now
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(11) A = A(1a)(g/k)a
 

Note that fk iscalculated by varying k inequation (9), while holding fixed
 

g. That is,the representative producer assumes that changes inhis quantity
 

of capital and output do not lead to any changes inhis amount of public
 

It is convenient to substitute g = ry inequation (9)and simplify to get
 

(12) ; = kA1/(1-0).ra/(1-0) 

Therefore, for a given expenditure ratio, T, y isproportional to k, as in
 

the "Ak" production function inequation (5). An increase in r means an
 

increase inthe relative amount of public input, and therefore an upward
 

shift inthe coefficient that connects y to k.
 

The ratio of the two productive inputs is
 

(13) g/k = (g/y).(y/k) = r.(y/k) = (AT)l/(10)
 

where the value for y/k comes from equation (12). Substituting from equation
 

(13) for g/k into equation (11) leads to
 

(14) = 

Therefore, an increase in the expenditure ratio, r, implies an upward shift
 

inthe marginal product of capital, fk*
 



Private optimization still leads to a 
path of consumption that satisfies

equation (4), except that f' is replaced by the private marginal return to
capital. 
 With the presence of a flat-rate income tax at rate r, this return

is (1-r)f . Therefore, substituting for fk from equation (14), 
the growth
 
rate of consumption is
now
 

(15) 7 = /c = [/P1
 

As long as 
r is constant-that is,the government sets g and T to grow at the
 
same rate as y'-the growth rate 7 is 
constant. 
 Hence the dynamics is the
 
same as that for the "Ak" model analyzed before. 
Consumption starts at some
value c(O) and then grows at the constant rate 7. Similarly, k and y begin

at 
Initial values k(O) and y(O) and then grow at the constant rate 7. The
 
economy has no transitional dynamics, and is always in a position of

;teadV- statp r th where all quantities grow at the rate 7 shown inequation
 

Given a starting amount of capital, k(O), the levels of all variables are
again determined.4 
 In particular, the initial quantity of consumption is
 

4Unlike the previous model, 
the present setting may also determine the size
distribution of competitive firms that have access to a perfect capital
market. 
 The scale of an 
individual firm is determined by its quantity of
public services, g, 
or more precisely, by its share in the aggregate of
public services. (Recall that, for given
diminishing returns in the private inputs 
san individual producer faces
 . For example, if there are N
firms (which could correspond to N household-producers), and if each has
property rights in 1/N of the total of public services, then each firm uses
I/N of the aggregate capital stock and produces I/N of agregate output.
However, this argument works only if the producers effectively have propert
ri fhts 
in designated quantities (or shares) of public services. 
If the
public service is freely available, then the size distribution of firms is
again indeterminate.
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(16) c(O) = k(O).[(1-r).A1/(la-).7a/(1-0)- 7] 

where 7 isgiven in equation (15). The first term inside the brackets of
 

equation (16) corresponds to y(O) - g(O), and the second term to initial 

investment, k(O).
 

*;,.',,1 ', i tl - I:.wn on a i ,lr'u) shows !!,." relation between th

growth rate, 7,and the expenditure- and tax-rate, r. A higher expenditure
 

ratio raises fk in equation (14) and thereby raises 7 in equation (15).
 

However, a 
higher tax rate means that people retain a smaller fraction, 1-r,
 

of their before-tax income, which tends to reduce 7. At low values of r, the
 

first force dominates and creates a net positive effect of T on 7. (The
 

Cobb-Douglas technology shown inequation (9)implies that anarchy is very
 

unproductive.) 
 However, for high enough r,the second force dominates and
 

therefore leads to a net negative effect of r on 7. As T approaches 0 or 1,
 

the growth rate from equation (15) approaches the same negative value, -p/u.
 

Ilie growth rate, 'i is positive for a range ol r if the economy is 

sufficieiitly pioduwtiu relative to thc rate of time preference. The 

condition for a range with positive growth (which generalizes the condition 

A > p from the "Ak" model) isA1/(l).(1-0)2 .aoa/(1a) > p. Also, as before, 

I assume that the economy isnot so productive to allow the attained utility 

to become unbounded-the condition here isp > a 

As in the "Ak" model, the latter condition must hold ifA > 0, p > 0, and 

u>. 
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Equation (15) shows that maximizing 7 isequivalent to maximizing the
 

expression, (1-T).Ta/(I-a).5 
 The solution is r = a. Roughly speaking, to 

maximize the growth rate, the government's sets its share of GNP, r = g/y, to 

equal the share itwould get ifpublic services were a competitively supplied 

input of production. Note that the value of r that maximizes 7 depends only'.. productU I* l WIL I .ut Lii )H.f c ,.ai ,,ci , h)On pai,.ulhC,.er: , a(d 

i. 
 (The independence from p and u follows for any constant-returns 

production function, and does not depend on the Cobb-Douglas form.) 

The (net) saving rate is given by 

(17) s = k/y = (k/k).(k/y) 7-

where k/y comes from equation (12), and 7 isgiven inequation (15). The
 

curve inFigure 2 isa graph cf s versus r. Because k/y declines with r,the 

qa'ina rat ppakc hpforp Ih, urnwth rate. Thaft iq. a vilue r < n wnuld 

maximize s. Recall that saving and investment are broader concepts than
 

usual in this model since they encompass accumulations of human capital
 

(including additions to the stock of population). On the other hand, net
 

product, net 
investment, and net saving are reduced by depreciation of stocks 

of human capital. 

5This result follows because the rate of time preference, p, is constant., and

therefore does not depend on T. 
InBecker and Barro (1988), the effective
 
rate of time preference increases with the rate of population growth, which

is itself determined within the model. 
 This extension may introduce a
 
dependence of p on T, and thereby affect the choice of r.
 

http:pai,.ulhC,.er
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Presumably, there isno reason for the government to wish to maximize 7
 

or s,per sc. For a benevolent governient, the appropriate objective inthis
 

model is to maximize the utility attained by the representative household.
 

Because the economy is always ina position of steady-state growth, it is
 

straightforward to compute the attained utility as a 
function of r,as long
 

r±: r is constauL ovel timc.6 'Aith ContaadL, Lll i i-L81grai in equaLion (1) 

can be simplified to yield (aside from a constant), 

[c(O)]
 

(l-U)[p - 7011 

The condition that, utility be bounded, mentioned before, ensures that
 

p > 7(-U). 

Equations (15) and (16) determine 7 and c(O), respectively, as functions
 

of r. Hence, these formulas can be used to determine the value of r that
 

nIm L il 'quatloI
xirrI, 
 16) . io 0(- le natlure of tll vesults, It is uselul 

to nl,:, That e(Ua ,:i.. 15) ai,u (1G) iiiqi,15 thzL c(O) . be :iLtei, as a 

function of 7 (v'ith r not appearing separately), 

(19) c(O) = [k(O)/(1-O)].[p + 7.(a-1)] 

Substituting into equation (18) yields a relation between U and 7,
 

61 show later that a constant r (equal to a) isan equilibrium inthis model,
 
in the sense of being time-consistent.
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:Wthe,It ca b~on that the ef fet , f 7On UAn equation~ (20) -ispsitiv'e 

P 7(JO) (This,,result follows although,an increase in7 Deed not 

ras;"c 0)in equation (19).) Therefore the maximization of U to 
the maximizationo0 '. itfollows that r a 
isthe tax rate that delivers i
 
,the maximum of attained utility. 
 J 

3A P nninZ'p-1 for the Covernm'nt
 

The result r a 
isthe solution to a~second- best Ipolicy' problem.4

4-'4 

Because of familiar externalities, impl ied by, public expenditures,and
 

taxt ~n hedecentralized choices of saving turn out to generate outcomes4. 
tha ot:r etn' , optimal. Infact, the deatie rmPaeootm"tl
 

dUigUS LOdai l L4l.it i, CoU) gi IJJ O.LU 1~A, ;)'11 it? 
~ Pu ,c-g ds natare -of privjev-'.:eated know, od(Toi 

"- In-.the present model the easiest way to assess the external effects is:to'
 
2-compare the decentralized'otcomes with those,from a
planning problem.:. 

;-u ose4hat tegovernment chooses 'a constant e>,peniu ratio, T ad a 
thndictatel each household's choices for consumpt ion over time. (Itv5 s 
-~'-~ 

straightfo'rwardto 
1show that a~constant 7 isopt iilntispaig 
problem.) Given the value ofT thegvrmn picstecnupi pah to
 

,aiiehe rersnaiehoulseholdis attain~ed utility, whereth
 

express ion for utility isaangvni qain 
1)and() The
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resulting condition for the planned growth rate of consumption turns out to
 

be
 

(21) 7 = [-T P] 

L, ,quatiun (15), the expiession within the brackets and Lo the left of 

the minus sign was the private marginal return on capital, (1-r)fk. In
 

contrast, the corresponding term in equation (21) isthe social marginal
 

return on capital, gyien that the expenditure ratio, r, is constant.
 

Eqia! Ion (12) s!:ow- tVt the :1irginal effect of k on y, for fixed T, equals 

However, to maintain T, an increase of y by 1 unit
 

requires an increase in g by T units. Since the increase ing comes out of
 

current outpuL, the effect of k on y isadjusted by the factor, 1-r, to
 

calculate the net social return on capital inequation (21). Hence, the
 

diffprence betweeL the private choice inequation (15) and the planning
 

solution in equation (21) isthe presence of the term, 1-a, in the former.
 

Figure 3 shows how r affects the planning growth rate, 7p, and the
 

decentralized growth rate, 7. It is clear from a comparison of equations
 

(21) and (15) that 7 exceeds 7 for all values of r. That is,the
 

decentralized choices involve too little growth. (The insufficiency of
 

growth corresponds to too low a saving rate-see the comparison of saving
 

rates inFigure 4.) Moreover, since equation (21) differs from equation (15)
 

only by the absence of the term, 1-a, itfollows that the shape of the graph
 

of 7p versus r isthe same as that of 7 versus T. In particular, the maximum
 

of 7p also occurs at the tax rate, r = a. (The result r = a isthe solution
 

to almost all problems inthis paper.)
 



Growth 0.04 
Rates 
(yp Y) 

0.03-/ "" ....." " -..Y p
 

0.02- /"
 

0.03 -- .
 

-0.01 -',
0.013 

-0.02 /0.0003 

.08 .16 
 .24 .32 .40 .48 56 .64 
 .72 .80 .88 .96
 

Expenditure Ratio (T)

Figure 3
 

The Planning.Growth Kat 
 (yp) and the Decei-ralized Growth Rate (y)
 

NOTE: comes from equation (21) 
ar, • from equation (15. Parameter values are given in Figure 1.
 



Saving 1.0. 
Rates
 
(s, s) 

p
 

0 .5] - . 
S 

-0.5 

-1.0 

!I I I I 

.08 .16 .24 .32 .40 .48 36 .64 .72 .80 .88 .96
 

Expenditure Ratio (T) 

Figure 4 
The -ianning Saving Rate (s ) and the Decen alized Saving Rate (s) 

NOTE: s - Y • </y), where Y is given in equation ( an;. k/y in equation (12). s is given in 

equation (). Parameter values are as in Figurf 

I 



17 

It is straightforward to show, following the procedure used for the
 

decentralized case, that the planner who desires to maximize the utility
 

attained by the representative household would choose the value of r that
 

maximizes the growth rate, 7p. But this growth-maximizing expenditure share
 

isagain the value a. Hence the government selects the expenditure share,
 

I - u, in twu L1JcwlrL0AIces: list, if it ubus ai income Lax to fina1,ce 

spending in an environment of decentralized households, and second, if it has
 

the power to dictate each household's saving behavior. The growth rate,
 

saving rate, and level of attained utility are all lower inthe first
 

environment than the second. But the share of government in GNP is the same. 

It is natural to consider whether the command optimum can be implemented 

by replacing the income tax with a lump-sum tax in an environment of 

decentralized households. 
 (Inthis model, which lacks a labor-leisure 

choice, a consumption tax would be equivalent to a lump-sum tax.) With 

lump-sum taxes, the private marginal return on capital is fk' rather than 

(A-T)fk. Therefore, instead of equdtion (1,, optimizing individual 

households would choose the growth rate ol consumption,
 

(22) 7L = /c= ( ( A ) (1o)- p 

Thus, 7L differs from 7 by the absence of the term, 1-7, inside the brackets.
 

Figure 5 gtaphs L' a.long with 7 and 7p, as a function of r. As is
 

apparent from equation (22), 7L is monotonically increasing in r. That is
 

because a higher T means a higher expenditure share, which shifts upvard the
 

marginal product, fk' With a lump-sum tax, households respond to the higher
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fk by choosing a higher growth rate for consumption (and a higher saving
 

rate-see Figure 6).
 

A comparison of equations (21) and (22) indicates that 7 contains the
 

term, 1-T, where 7L contains the term, ]-a. At. the point, r = a, which was
 

already shown to correspond to the command optimum, the two terms coincide.
 

Note from figures 6 and 6 that the ge'owth rates, 7p and 7, and saving rates,
 

Sp and SL, are equal at. this point. These results mean that lump-sum
 

taxation supports the command optimum ifthe expenditure share isset at the
 

optimal value, T = 0.7
 

If the expenditure share isset non-optimally, r 0 a, then the planning
 

solution for consumption-contingent on this incorrect choice of r--does not
 

coincidc with the solution under lump-sum taxation. This result indicates
 

that the income tax isnot the only distortion in the model. I am uncertain
 

7This result under lump-sum taxation underlies the time consistency of the
 
solution, r = 
a, under income taxation. Suppose that future governments will
 
set the income-tax rate, r(t)= a, 
for all t > 0. Then, for given k(O), the
 
current income-tax rate, 7(0), iseffectively a lump-sum tax. In particular,

the current, choice affects neither past investments (which cannot be undone)
 
nor expected future tax rates (which matter for current and future
 
investment). If the government could run budget surpluses and thereby

accumulate assets, itwould be attractive to choose a very hih value of T(0)

and use the proceeds to finance future spending (which otherwise would
 
require distorting income taxation). However, the balanced-budget constraint
 
in equation (10) rules out this possibility. Therefore, the government

selects the current expenditure ratio, r(O), as it would under lump-sum

taxation. But the solution to that problem is T(O) 
= a. In the absence of

the balanced-budget constraint, the government would have the usual incentive
 
to effect capital levies, so that T(t) = a would no longer be time
 
consistent. (Private investors would also anticipate these levies and act.
 
accordingly.) The result (t) a 
would then hinge on the government's

ability (starting from time t = - ) to commit itself to a constant tax rate. 
lowever, in cases where the income tax isnot distorting-as discussed 
below-the problem of time consistency does not arise. 
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whether the other distortion is economically interesting, but I will now
 

explain what it is.
 

An individual producer computes the marginal product, fk' while holding
 

constant the quantity of public services, g, that he receives from the
 

government. This assumption isappropriate for some types of public
 

services, and I aaintain this assumption for now. But, if the government
 

sets a given expenditure ratio, r, then an increase in national product by
 

one unit induces the government to raise the aggregate of its public services
 

by T units. Thus, when an individual producer decides to raise his 

individual k and y, he is indirectly causing the government to increase its
 
aggregate spending. 
The effect on that individual's public services', which
 

entered into his production function, would be negligible (under my
 

assumption about how public services are provided), and can therefore be
 

ignored. But it is nevertheless true, with r
fixed, that an individual's
 

decision that raises national product by 1 unit causes the total of 
government purchas(> to exp;,rJ 7 units. ihe( effects depend on whether the 
size of the government is optimal. If so-namely, at the point r = -a 
marginal change ingovernment expenditures is just worth its cost. Hence
 

there isno distortion and the lump-sum tax result replicates the planning
 

optimum, as noted before. 
 But Fvppose that the government is too large,
 

T > o. Then the induced expansion of government expenditures constitutes a
 

negative externality. 
 On this count, each individual has too much of an
 

incentive to expand individual output; in particular, inthis model, each
 

individual has too much incentive to save. 
Hence, T > a implies 7L > 7p in 
Figure 5, and sL > Sp inFigure 6. Analogously, the incentive to expand 
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individual output is too low when the government is too small, r < a. Hence,
 

7L < 7p and sL < sp apply in this range. 

Figures 5 and 6 also allow a comparison between Iump-sum taxes (which 

could be consumption taxes inthis model) and income taxes. At the point 

r = a, the lump-sum tax generates the command optimum and istherefore 

iupeii or to the income Lax. for , < a, the lump-sum tax comles closei than 

the income tax to the command opiimum; therefore, the lump-sum tax would also 

be preferred here. However, for r > a the comparison becomes ambiguous, 

because the lump-sum-tax choices, 7L and SL, are too large, while the 

income-tax choices, 7 and s, are too small. For very large governments (that 

is,r well above a), the outcome under income taxes can be superior to that 

under lump-sum taxes. The reason is that the income tax isan imperfect way 

to get individual producers to internalize the distortion described above.
 

With T > a, people have too great an incentive to expand output by an 

additional unit because the government is thereby induced to increase its 

expenditures- b\ r units. fU" gov'rnment spending were worthless, then the way 

to internalize this distortion would be to tax the individual's income at 

rate r. As r gets well above its ideal value, a, the social return from more 

government spending diminishes-that is,it becomes more nearly accurate that 

govornmn!n qpcnding isworthless at the margin. Therefore, the income tax 

becomes more nearly the right way to offset the negative externality, and the 

value - inFigure 5 gets steadily closer to the value 7p. Similarly, in 

Figure 6, s and sp converge as r approaches 1. 
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4. Tax Systems and Property Rih 

'ithin the framework of an income tax, the (average) marginal tax rate,
 

r, can vary for a given expenditure ratio, g/y. For example, differences in
 

the degree of graduation or inenforcement policies could generate these
 

variations in r. If T decreases, for a given g/y, the response isa movement
 

t, IL directioii frow the solid to the dashed curve in Figures 3 and 4. 

Hence, for given g/y, the rates of growth and saving increase.
 

From the standpoint of investors, enhanced property rights look like
 

reductions inmarginal tax rates. Therefore, an 
improvement inrights also
 

generates a shift in the direction from the solid to the dashed curve in
 

Figures 3 and 4. Hence, the rates of growth and saving again increase.
 

Many functions of government, such as maintenance of law and order and
 

national security, help to sustain property rights. 
 (Others, including some
 

regulatory'and legislative activities, have opposing effects.) An increase
 

inspending. g, in areas that enhance property rights causes a 
reduction in
 

th clfective valu, of r, iather than a diiect effect on the production 

function (as inequation (9)). However, the effects on growth and saving are
 

similar to those for the productive government expenditures considered 

before. Inprticular, the relation of growth and saving rates to the amount
 

of government expenditure devoted to the enforcement of property rights would 

resemble the curves shown in Figures 1 a:nd 2. 

5. An Aflernative Specification for Public Services 

I assumed so far that each individual held fixed his quantity of public 

services, g, when considering a change inhis quantity of capital, k, and 

output, y. This setting is appropriate for some public services, but not, for 
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growth rate has the saine shape as 7L inFigure 5, but isdisplaced upwards.
 

Analogously, the saving rate exceeds s and sL for all values of r, and can
 

be represented as an upward displacement of the curve sL shown inFigure 6.
 

Saving, and hence growth, are now too high because individuals do not
 

internalize the effects of their choices on the quantity of public services
 

that they receive. An individual's decision to raise k and y brings that
 

individual more public services, which-with a lump-sum tax-he does not have
 

to pay for. Eence, individuals have too much motivation to invest and
 

produce goods.
 

6. Governm(,P Consumption Services
 

I now return to the setting where each individual holds constant his 

level of public services. But, suppose that the government's expenditures 

also finance some services that enter into households' utility functions. 

Pzir that 1real ozn ndim, ncrr finiiqoh d is g+b. whprp the niuAntitv h 

,."crils |,, gr - . s t,';;Isjunpr)l seniC s 1ie utility functiorn forSon 


each household is now
 

(cl Ih )/1-a
 

(23) u(c,h) =- (I-a)
 

where 0 < fi< 1. The household's overall utility is still given by equation
 

(1), except that u(c,h) replaces u(c) inthe integral.
 

I still assume a flat-rate income tax, so that the government's budget
 

constraint is
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(24) T = (rg+rh).Y 

where rg = g/y isthe government's expenditure ratio for productive services,
 

and rh = h/y isthe ratio for consumption services.
 

Households' decentralized choices for consumption and saving (taking g
 

and h as givens) now lead to the growth rate
 

(2)7b = (1/o¢).[(1-a).A1/(1-0).(j.(25) =~-~ rg-r7h).(Tg9 ° (1° 

This expression modifies equation (15) in a straightforward manner: 

(1-r -"Id replaces (l-r), and (T - replaces r° / ( 1- 0) The dotted 

curve inFigure 7 shows the relation between 7h and the share of productive 

government spending, rg, taking account of the positive value of Th. The 

growth rate lies uniformly below the value 7,shown by the solid curve, that 

would have been chosen if 7b = 0. Figure 8 shows the corresponding saving 

'ale!S. oh ;iTji S. 

For a given Th, it is easy to show that the value of Tg that maximizes 7h
 

in equation (25) iso(1-rh). In other words, the growth-maximizing share of
 

productive government spending is smaller ifthe government isalso using the
 

income tax to finance other types of spending. However, this choice of Th
 

turns out not to maximize the utility attained by the representative
 

household.
 

Suppose that each household's utility function is given by equation (23),
 

and that Tg and Th are set to maximize the overall utility attained by the
 

representative household inthe form of equation (1). (1again restrict
 

attention to tax rates that are constant over time.) The effects of the tax
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~rate are shown in eqution (25) Asbefore i ossible to 

deterinthe nit ials level of condumption (O , and thereby calulate the 
C1' p i f ' -e 

cnmpth' ofcnupio sct.-rcO e;vhiah~~t'iin' 
ws~~n y(0)e thes 

. results.,it isfeasible to relate the attained tIlity, U, to .he .... "e "">TpaUh.to;h fs r utilitycrepni 
and are re two ferst-order'rconditions corrspon i to the:;There then 

emanof U. ombininghese conditions leads to 
he familiar result:',
 

T 0. That is, as long 
as 7'bigalso chosen optimally,4he optimal ratio
 

o
for productive government expenditures, rT, isthe sameras before. 'In
 
Jparticular, 
the choice depends again only on the productivity parameter, a,0);~
hz 

and not on aspects of preferences (including now the parameter fwhich
 
determines households' preferences for private consumption, c,versus,
 

government consumption services,h).
 

I 

sought to maximize -theutility attained by the represe'itative household. J 
now consider the alternative that the government isrun by an agent who has 
no electoral constraints and seeks to maximize his own utility. 

Return to the setting where all government expenditures, g, serve as 
productive inputs for private producers. The government still uses a 
flat-rate income iax,,but instead of automatically balancing the budget, the 

governmrent can earn the netevenue,
 

( 

CC' 
 (4. Oiv3 

ii~~ . ... 

4 
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where the~expeiditure r~atio, c~ g/y, can differK fro6,~the income-tax rate, 7. 

Tgovernment ag nt uses his net~revenue to purchase the quantit~of' 
nsumr,,go,I w u \,change. "if teagent' were,allowed:, u 

~to hold capital,;afddperhaps owned; a nnzero quantity fcptl, ie0)
 

Teagent receives lutility.fo cosumption in the same ~ianne r as any 

household-tt sth flwoutils isu~cg from equation,(2), and the 
A - - p 

overall attained utility,?-U, isgiven -bythe integral inequation (1). In 

particular, the government agent has the same discount rate, p,as each
 

household.
 

Assuming constant values for r and c,the privately determined-'rowth
 

rate isnow
 

PP 

~iK~~hsresult, is, a straightforward modification of equation (15) when c #T. 

W AAAusing 
 the same procedure as before, itispossible to write the'agent's
 

~ attained utility as a fuinction Of 7 and c. The two first-order conditions
 

fomaximization of utility then lead to the results 
 -

(28) Tr> C-a
 

The optimal expenditure rate, c, equals a, as in previous models. This 

choice isbasically one of efficient production,- which means that the
 
self-interested goenetchooses the same value as the beneole'"
 

A government. Basically, the government agent sets c a inorder to maximize
 

A
-A;; 

http:lutility.fo


u r aal .,2' e~-vreced'ngA 

thtax.......base that2.b atowrwit Tehe islovernmeeoitont 

set 7 >c("in or.der to .se.cue..e rnet oflow ofrevenuec 

T, su ~sAn , ectonparallel those, bithejin&ediia 

effect, the ,government-agent's consumption, .c' la s the sameaole that the 

,governmnt. consumption services, L played inthe previous model. Inb tbo 

cases the presence' of these consumption flows does not upset the conditions 
for productive efficiency, which imply that the government 's~produc'tive 4 

,expenditures are the fraction a of total output. flovever, the ratio of 

government revenues to output exceeds a inboth cases; inone case to provide 

const'mption to the governmient agent, and in the other to provide government 

consumption services to each household. *' 

K',thep 

8. Somel Empiric~al Implicat ions 

The theory has implications for 

rates of growfli And savin~y. 

rain ewe h ieo 

trelatins between the size of government' 

Sinr P theP ~ si .nPT 

I .I .\ dtE, I 1( t h ip;,h.sI . . .:i !emji n D1 I liippca io , ii,ild be oo 

differences inaverage performance across countries over long periods of 

'- time.4 : 

~',As isusual inempirical inv'estigations, the h~ohszdefcsof ' 

'government policy areeasier to assess ifthe government's actions can be j~ " 

treated as exogenous. That is,the results are simple ifgovernments -. )YT

randomize their actions and thereby generate useful experimental data. InS 

this case,.variations inthe share of productive government expenditures in 

GNP, g/y, affect growth and saving rates, 7 and s, as, shownlby the curves in 4

"'K.:7'{- ' -... • 77 '::' - L'..'+...;".i ; : 

Figures 7 and 8,respectively. (These curves apply with'a proportional , 

income tax, and insettings where individuals treat their own allocations of ,j 

e~s,4 e l ovenmnt 
4 .4-':'-:;: <.' f ;7' , {t s ' 'i; '

A. 2:, 
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puibli6c sevce, ghY, as givens.),,As suggested' befor", p'd~it~e ~~ 

~government spending woudiclude-the resources:d~voted~t roet-rights,,,: 

enforcement, as "el ,.s, ctivities that enter direlyIiiio pioduction 

'functions./ Cou ntries coulId be arrayed 'a the horizorptal'axe by the size 

'Ki'of 'gfy, andth'erespon~ses'of 7 and s would be non-monotnc as shown in the 
gtonic, 

~ 

~.... 

An increase in'the share of non-productive government expenditures, say 

h/y inthe model of section 6,' leads to tile types of shifts shown by the 

movements from the solid to the dashed curves inFigures 7 and 8. For a 

given value of g/y, an increase inh/y lowers the growth and saving rates. 

~ 

These effects arise because a higher h/y has no direct effect on 
private-sector productivity, but does lead to a higher income-tax rate. 

Since individuals retain a smaller fraction of their returns from investment, 

they have less incentive to invest, and the economy tends to grow at a lower 

rate. 

that imply thatprivate investors get to retain a smaller fraction of their 

returns frominv'estment. Fo'xape ifg/y isheld fixed,, an increase in 

the average marginal tax rate-resulting, say, from a difference inthe tax 

system-would'tend to'lower the growth and saving rates. 

'Aside from problems of measuring public services and the rates of growth 
and saving,; the empirical 'implemenitationi of the model iscomplicated by the 

V.endogeneity' of the government. Within the theoretical model,4,he government 

sets the share of productive expenditures, g/y, to equal a. Therefore, 

'1~I~instead of, being arrayed along' the horizontal axes inFigures 7 and 8, each 

,.. 

gov~j6ernment would operate at the same point, gy . Within this framework 
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Barth and Bradley (1987, Table 1) found a 
negative relation between the
 
growth rate of real GDP and the share of government consumption spending for
 

16 OECD countries inthe period, 1971-1983. They also found that the share
 

of government investment inGDP had a statistically insignificant effect on
 
growth, although the point estimate was positive. However, the last estimate
 

applies when the ratio of private investment to GDP is held constant.
 

Ram (1986) looked at 115 countries using the Summers-Heston data. He
 
reported (Table 1)positive effects of the growth of government consumption
 

spending on the growth of GDP. However, there are two problems with the
 

results. 
 First, they hold constant the ratio of investment (private plus
 

public) to CDP, which eliminates the channel 
inmy model for the negative
 

effect of government on growth. 
Second, the results amount to a positive 

coefficient in a regression of the growth rate of GDP on the growth rate of 

government consumption expenditures. This regression would pick up the 
repersp effect of income on government consumntion; that is.itprobably 

!,..ints 11) a tIorn& (',nctior for 1,jl ii t. 

The literature contains a number of additional empirical studies, with 

results similar to those reported above. In my planned empirical work, I
 

will consider these results in more detail, as well as carrying out new
 

research along the lines suggested by my theoretical analysis.
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Robert Barro's paper looks at some important public finance 
questions in the setting of an endogenous growth model. The government 

does not contribute to growth by financing the accumulation of knowledge 

or by correcting externalities. Instead, government has an L-nportant role 
in production itself. In the model, government commandeers a fraction of 

output and recyucles it immediately as a government-provided input. The 

government has no intertemporal functions; it cannot run a surplus in 

early years and use the proceeds to finance later provision of its productive 

input. The government's contribution to growth is entirely through its 

influence on) output. 

The footnote on pp. 10-11 (ms.) provides the only hint about the 
rclatiojishipj betwi-vi (ht goveriment and producers in the model. 

Apparently there is a gr,)up of claimants who receive arbitrary free 

allocations of the governmeiit input, g. They bid for capital in a free 

market and achieve the efficient allocation of capital to g. Behavior of 

this typf. is all too common among governments. For example, the U.S. 

government gives away landing slots at crowded airports to well-placed 

areairlines. The airlines then free to allocate slots to aircraft efficiently. 

The inefficiency in the process arises, in Barro's model, only from the 

distortionary tax needed to finance the free goods distributed to producers. 

The model does not consider a potentially more important inefficiency 

arising from the rent-seeking activities of those who would like to receive 

the free goods. The paper is about the "Harberger triangle" created by the 

tax, not the "Posner rectangle" created by rent-seeking activities. 

The lucky recipients of the free government input earn rents from 



their control of g. These rents are exactly enough to pay for g, when thegovernment is conducting itself according to Barro's prescription.
Intelligent options available to the government to avoid the excess burden 
of taxation are: 

1. Auction g to the highest bidders. 
2. Sell g at the efficient price or user fee, which is I in goods units.
3. Put a 100 percent tax rate on pure rents, measured as revenue y,

less the service cost of capitrI', rk.. 
4. Allocate g in proportion to capital, k. 

Any of these achieves th.-; first-best optimum. Ti-!tead, the model assumes,
realistically, that the governmeait stupidly puts a distortionary tax onoutput. The tax drives a wedge between the private return on capital andits marginal product. The economy with the tax grows too slowly because
future consumption is taxed more heavily than is current consumption.
 

Barro's central finding is that the 
 ratio of government input tooutput is the same in the first.-best and the second-best situations. One
might have reasoned along the following lines: Given that taxation has a
rising marginal 
 excess burden, the government should hold the level of gbelow its first-best optimum if g has to be financed by distortionary taxes.

Barro's finding that the government should push g all the way to the point

of production efficiency seems to contradict that reasonilig. In fact,however, the finding is exactly consistent with the reasoning. At theoutset, the supply of capital and hence the supply of output is completely
inelastic. The tax on initial output is non-distorting and hence the fully
efficient level of g should be provided. In subsequent periods, the supply 
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of capital and output is elastic and the tax is distortionary. The level of g 

should be lowered to the point where the marginal benefit of diverting 

output equals the marginal excess burden of the tax. At the second-best 

optimum, both y and g are below their first-best levels, to an extent 

governed by the intertempora elasticity of substitution, r-1. But under 

Barro's assumptions about the technology, the proportional depression of Y 

and g are the same, so the ratio of g to y remains at its first-best level. 

Barro's result on the ratio should not be confused with statements about 

the levels of the variables. 

The equi-proportional depression of the two variables is a special 

feature of the Cobb-Douglas technology. With a different technology, it 

remains true that maximizing welfare amounts to maximizing growth, but 

it is no longer true that production efficiency maximizes growth. The key 

growth equation, (15) can be written 

-f = 1 [(1- c(r) )h(r) - p] 

Here c(,r) is g's factor share stated as a function of the ratio of g to 

output, h(r) is output net of recycled g, and p is the rate of impatience. 

For the Cobb-Douglas technology, a(r) is a constant, so maximizing h(r) 

is equivalent to maximizing growth, 7. For any other technology, a(r) 

varies with r,so production efficiency does not maximize growth. 

The primacy of production efficiency also arises in the fiscal, 

problem posed by Peter Diamond and James Mirrhes ("Optimal Taxation 

arid Public Production: I-Production Efficiency," American Economic 

Review 61: 8-27, March 1971.) However, Barro's setup is different from 
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theirs-he does not permit a different tax rate for each time period and he 
excludes the accumulation of government assets that is implicit in the 
Ipplication of Diamond-Mirrlees to the intertemporal problem. At the 
conference. Kenneth Judd pointed out the importance of these restrictions 

in Barro's model in connection with the problem of time-consistency. 

There is a question in my mind whether the problem considered in 
Barro's papei has any practical significance. Government provision of 
sewers clearly fits the model, but I am not convinced that the types of 
governments that tre responsbile for sewers are departing from the first
best as dramatically as the model says. Construction of sewers is generally 

financed by levies in proportion to anticipated use, so the tax comes closcr 
to a user fee than does Barro's hypothesized tax on output. Law 
enforcement is another service generally provided free to businesses, but, as 

Barro shows, if the benefits are in proportion to capital, then income 

taxation provides the first-best result. 

Government purchases of goods and services are predominantly for 
education at the state and local level and for defense at the national level. 
Barro makes no claim that his model has anything to do with education. 
He does note Earl Thompson's point that defense is, in effect, a business 
input that increases the expected output given inputs. But, viewed in that 
light, defense is allocated in proportion to capital, so income taxation 
yields the first-best allocation. The purchaser of capital buys free defense 
along with the capital. Therefore, it is optimal to put a tax on capital's 
earnings, because it has the same effect as a user fee for defense. 

Barro's paper raises some important and interesting questions in 
public finance, but I believe they are essentially static. The relation 
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between fiscal efficiency and growth arises in the model only because the 
model embodies a general relation between the level of activity and the 
growth rate. The paper is silent on how the government should lift the 
economy out of the low-growth equilibrium described in other papers at 
this conference. 
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Comments by Daniel Gros on
 

Government Spending In F.Simple Model of Endogenous Growth
 

by Robert J. Barro
 

In preparing my discussion of this excellent and provacative paper,
 

I had to face the problem that I am not an expert In public finance or
 

growth theory. I, therefore, choose to follow closely the structure of
 

the paper and to focus on two points:
 

1. 
 What is the real life counterpart ot the production government
 

services that are central to the analysis of this paper?
 

2. How would a change in the functional form used to describe the
 

contribution of government services to overall productivity, change the
 

main result of the paper; namely that the optimum size for the
 

government is the same for the social planner and the second best
 

equilibrium?
 

Before discus-s>.l0 these two points, I would like to make some
 

preliminary remarks.
 

The purpose of this paper Is 
to explore the role of the government
 

In growth. Growth and the actions of the government become endogenous
 

In this framework In the sense that actual growth rates 
interact with
 

government actions because of the reaction of the private sector to
 

government expenditures and taxes. 
The Important contribution of this
 

paper Is to break away from the approach taken by growth theory so far,
 

In which the government was usually absent or 
its actions were treated
 

as exogenous to the growth process. 
This paper also makes a welcome
 

break from standard treatments of growth In that it contains no
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complicated Intertemporal optimization problems that have to be solved 
explicitly, Instead, by using some clever building blocks, the author
 

suceeds in keeping the technical complexity of the analysis to a
 

minimum.
 

The approach taken by the author differs from standard growth
 
theory in that he argues that some government servies are necessary for
 

the private sector to be productive at all, 
the main result of the
 
paper could therefore be sunimarized quite simply by the statement:
 

"Goverrm.?nt services are essential 
 for the private sector, but the 

government has to finance its expenditure; It follows that there must be 
an optimun size for taxes and expenditure since at zero expenditure (and
 
taxes) there Is no growth and at confiscating (100 percent) taxes there
 
is no growth either; 
the optimum Is somewhere In between." 
 A careful
 

reader of the paper might object that in thl's framework government
 

services 
are necessary for production (in this period) not for growth
 

per se; I will come 
back to this point later.
 

The main thrust of my comments, however, is not directed at the
 
above proposition, which is reasonable, but at the way the author models
 

the contribution of government services to the productivity of the
 

private sector.
 

1. What are productive overnment services?
 

The innovation of this paper Is contained in the production
 

function, equation (9):
 

(9) y - f(k,g) - Ak1'ga 
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where k denotes human and physical capital and g denotes government
 

services. A first comment on the specification is that it Is the 

assumption of constant returns to sale in k and g together that
 

transforms equation 
 (9), which describes production at one point in
 

t Ie, -Into a growth story; governent services do not make a direct
 

contribution to growth, for example 
 in capital accumulation. Presumably 

the main results of the paper concerning the optimal shares of 

government expenditure and taxes would still go through In model which
 

exhibited decreasing returns to scale. The only difference bewould 


that government expenditure and taxes would affect the steady state
 

level of output, instead of Its growth rate. While the of
choice 


constant or decreasing returns to scale is a 
 difficult one to make on a 

priori grounds, it Is difficult to imagine why doubling the (physical
 

and human) per and the amount of
capital capita government services 

should lead to a doubling of output. Th' assumption ot constant returns 

to scale termsin the per capita g and k -mplies of course Increasing 

returns in the three factors government services, capital, and 

populati on. 

However, since the main innovation of the paper lies this 

specification of the contribution of government services to 

productivity, the author should explain more fully, as he did In his 

oral presentation the nature of th,- government services that are 

supposed to be represented by g. One way to get a better Idea of what g 

might represent is t ook at Table I which contains a crude breakdown 

f -"
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of actual government expenditure for a group on countries with widely
 

differing growth rates: Argentirna, Korea, and the United States. I/
 

The data In Table 1, which refer to the consolidated central
 

government show that the biggest item for the U.S. and Argentina Is 

"Social Security and Welfare," which does not seem to represent an
 

essential service for the private sector. The only important items that
 

might correspond to the g in equation (9) would be the classic ones of
 

external security and economic services (i.e., infrastructure).
 

However, security Is a typical service that is "non-rival" in the sense
 

that one person can use more of this service without affecting the
 

amount of service received by others, even at a given supply. The
 

author claims (page 8) that his analysis could be modified to include
 

this aspect without changing the nature of the results. However, I
 

would doubt this claim since, except for Section 4, the analysis of the
 

paper is based on the assumption that each household/producer receives 

an amount of g that is fixed in the sense that his or her actions cannot
 

change this amount. This is not an appropriate assumption for public
 

goods like security, as the author acknowledges in the section dealing
 

with an alternative specification for public services. Indeed, If, as
 

assumed in that section, the amount of public services consumed is
 

proportional to wealth or income, the income tax is just an efficient
 

pricing mechansim for these services. But even the specification of
 

Section 4 does not seem to take Into account the non-rival nature of
 

public goods like security.
 

I/ The data is from the IMF publication Government Financial
 
Statistl cs.
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This leaves economic services (i.e., infrastructure) as the main 

candidate to represent g. But since a large part of the Infrastructure 

(like roads, ports, canals, etc.) consists of services that could be 

subject to user fees, It is not clear whether a large part of ,he 

services could not just be treated as other intermediate Inputs provided 

by the private sector. It is also Interesting to note that economic 

services amount to only about 4 to 5 percent of GDP In the three
 

countries considered 
 here (20 percent to total expenditure which In turn 

is roughly 20-25 percent of GDP).
 

One might be tempted to assume that education would represent g
 

since a higher level of education should raise productivity. But this 

would contradict the assumption that the variable k represents both
 

physical and human capital. 
 A change In the resources devoted to
 

education should 
then affect the growth rate of k directly, which is not 

possible in this model.
 

therefcre orucial theIt would be for author to show more precisely 

which of the public services actually provided by the government has the 

characteristics of his variable g. 
For the empirical part, this would
 

then allow him to see why Korea grows so much faster than Argentina;
 

because It has a better Infrastructure, a better legal system, or 
better 

security? 

A better identification of the nature of g would also allow the 

author to discuss the Implications of his framework for growth 

accounting exercises. Taken literally, his ananlysis suggests that the
 

observed residual is due to government services which are not properly
 

accounted for. This would mean Lhat the share of government services in 
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GDP, a, should be large. But intuitively, this Is not very
 
convincing. It seems unrealistic to argue that todays physical and
 

human capital Is so much more productive simply because the
 

Infrastructure is so much better or because property rights are better
 

enforced.
 

Casual observation suggests that 
not all governments are equally
 

efficient In transforming a given amount of tax revenue in productivce
 

services. 
 One way to incorporate this into this framework would be by
 

assuming that the output of g is related to tax revenue by:
 

(10') g - TyB 

where B represents a parameter that Indicates how many units of g the
 

government can produce with one unit of output it obtains through
 

taxes. One could imagine B as being determined by the nature of g and
 
the efficiency of the government. 
Viewed In the latter perspective a
 
government that is an inefficient producer of g would have a low value
 

of B. 
An increase in B would act Just like an Increase in the overall
 

productivity parameter t as can 
be seen by substituting (10') back into
 

(8), which yields: 

1 a a 
(12') y - A I-a B l-a k T 1"-

The value of B will, therefore, not affect the optimal size of the 

government since it affects the effect of T on growth rates 

proportionally. 
The value of B will, however, affect the actual growth
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rates associated with the optimal choice a - T. I/ Figure I shows that 

a drop In the efficiency of the government to one half (B- 0.5) would 

actually lead to negative growth rates for the parameter values chosen
 

In the paper Itself.
 

In his discussion of empirlal work, the author mentions that 
cross

country differences In the productivity of the government could be
 

expressed by different values of a, however, It might be more realistic
 

to assume that B varies, as were, that is, 
some governments provide more
 

services for the same tax revenue, as 
others. 

In the framework of this paper, private production of output, y, is 

subject to decreasing returns to scale In the private factor, k. In
 

contrast, the government production of services, g, is subject to
 

constant returns to scale in the resources the government collects
 

through taxes, Ty. 
 This asymmetry is necessary for the model to remain
 

a growth story, since if there were diminishing returns to scale in the
 

production of government services, there would also be overall
 

diminishing returns to scale. 
This can be illustrated by assuming that
 

g Is produced by the government via:
 

6

(10'') g - (-ry)
 

with 6 S 1. Substituting this relationship into equation (9) to obtain 

the "reduced form" production function yields:
 

1 1-a 06
l-a6 l-a6 l-a6
 
(12'') y - A k f I 

1/ I have to thank the author for pointing out an error which haa led
me to believe that the value of B would affect the optimal 
tax rate.
 



-8-


It is apparent that with 6 < I there are overall diminishing returns to 

scale. 1/ The assumption of diminishing returns to scale in the
 

production of g has some intuitive appeal if 
one considers that the
 

productive services provided by the first road or by the first policeman
 

should certainly be higher than the marginal increase in the services
 

provided by an additional road in a country which already has a lot and
 

the additional policeman In a country with a large policy force. 
This
 

observation should not be taken as 
a criterlum since the model would
 

still lead to an Interesting discussion of the optimal size of the
 

government. 
 It only suggests that the comparative advantage of this
 

model might not 
be an analysis of the relationship between government
 

size and growth, but rather an analysis of the optimal size of
 

government per se.
 

2. Senstlvftv of the results to the functional form 

Standard growth models "workr, with very mild restrictions on the
 

functional form of the production and utility i'nctions. 
Since the main
 

contribution of this paper is to introduce Lhe role of government In
 

production, it would be Interesting to see whether the spirit of the
 

results survives In a slightly more general specification of the
 

production function, 
given that the author uses a Cobb-Douglas
 

j/ Compare this to equation (12) in the paper which is linear in k.
 



-9

specification, it seems natural to go to a CES function; equation (9) 

could then be written as: I/ 

(1) y . AE(l-a)k 6 + age 11/
 

Using the budget constraint 
 (10), the "reduced form" production function 

is then given by: 

(2) y - A(l-a)1 /6k El - a(AT) 

It can then be shown that the socially optimal planning solution for the
 

tax rate is: 2/
 

(3) M al/(>-) Ae/(l-e) 

This equation shows Immediately that there exists 
a solution inside 

the interval [0, 1J only for certain combinations of a, 6, and A. 
This
 

implies that under a slightly more general specification there might be
 

no equilibrium, and in general the optimal 
tax rate depends on a host of
 

different factors. 
This result comes from the feature of the CES 

function that the government is not 
essential for production; y ) 0 is
 

possible even if g 
- 0. Using the CES specfication, the optimal tax in 

a second best world would be given by: 3/ 

I/ The limiting case of E I- gives equation (9) In the paper. The
CfS function, per se, does not satisfy the lanada conditions. However,
the Ianada conditior cannot 
be used in this context since the "reduced
form" production function, equation (12) in the paper is linear in k and 
therefore requires restrictions on A.
 
2/ See Appendix.
 
7/ See Appendix.
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(4) T - a1/(l'e)A l' EC 1 + 1
 

It is apparent that this tx rate is different from the pianning tax 

rate. The result that the optimal planning and second best tax rates 

are equal is therefore definitely a special feattvre of the Cotb-Doublas
 

functional form of the production function. Figure 3 shows the optimum 

and second best growth rates for two values of
 

e, e - 0.5, and 6 - -0.5, It is appar-ent, that for 6 - -0.5 (which 

corresponds to arn elasticity of substitutions of 2/3) the optimal 

planned and second best growth rates diverge dramatioally. 

Ir conclusion I would like to say that the author has produced a 

thoughtful, elegant, and stimulating paper, just what one has come to 

expect from him. Mcst of the comments I have been able to offer could 

be viewed Just as attempts to indicate where the analysis might be 

amended to -,nyince even the skeptical reader.
 



Appendix
 

The optimal tax rates with the CES production function can be
 

computed easily for the social optimum since the "reduced form"
 

production function (2) implies that the net 
social marginal product of
 

k is given by:
 

-
(A.1) (l-T) fk (l-T) AEl-a)l1g[1 - et(AT)]) 1 

The planning growth rate, Yp, is the equal to:
 

(A.2) Y [(-T)A(l-a)i/e[

1 - a(AT) _l/ 

The F.O.C. for a maximum of Yp with respect to T implies that: 

(A.3) 0 - -[l-a(A) 8 ]"I / + (l-*)[l-a(AT)e]((Ie)+I)aA8 
e-1
 

which can be transformed into equation (3) by rewriting it as:
 

e
(A.4) I - ceT 6 . (1-T) MAe 

To calculate the second best growth rate, Y, It is first necessary to
 

calculate the private marginal product of capital:
 

(1-e)/e
 
(A.5) fk . A(1-a) [(l-a) + a(g/k) 6 ] 

To calculate the term g/k, 
use the relationship (g/k)  (g/y)(y/k) as in
 

Barro's paper, this Implies:
 

(A.6) (g/k) - T [A(l-a)1 /0][I - a (AT) 1/8 

JA
-
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After substition of this relationship into equation (A.5) and some
 

simplifications Y can be shown to be determined by:
 

(A.7) Y J- {EA(l-Y'/ (1-T)[1 - a(AT)B( -1)/B -P) 

The F.O.C. for a maximum of Y with respect to T then implies: 

e
(A.8) 0 - -[1 - a(A8)- ) - -)e-il -A ((e-l)/e) -l 

This can be simplified again by transforming it to: 

e e(A.9) 1 - a (A) - (l-T)(l-e) a Ae 

from which equation (4) can be obtained easily. 



Table 1. Gcvernment Expenditure by Function l/
 

(In percentage of total)
 

Argentina / Korea
United States 2/ 


(.)7,1
General public 5.2 10.5
 
services 


29.7
24.9 (16.8) 5.2 

Defense 


18.4
1.8 (13.7) 6.0 

Education 


1.4

11.3 (11.5) 1.3 


Health 


Social security
 
and welfare 29.1 (2'.6) 32.6 5.7
 

Housing and community
 
amentities 2.5 (...) 0.4 1.0
 

Other community and
 
1.1
social services 0.3 (0.1) 0.5 


8.3 (6.4) 18.5 17.5
 
Economic services 


14.7
16.7 (15.3) 24.9 

Other purposes 


Memorandrm item: 
Ratio of total expenditure 246 (36.5) 23.7
 

17.7
to GDP 


1/ All data are taken from Government 
Financial Statistics and refer
 

to-Table B, Expenditure by Function, 
Consolidated Central Government,
 

for the year 1985.
 
2/ Data in parentheses for the United 

States refer to general
 

government.
 
3/ The total of 96.4 percent is due 

to an additional item called
 

"A7djustment to Cash Expenditure."
 


