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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
preserited 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 tc 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 DUVELOPMENT THROUGH FREE ENTERPRISE
Remarks of the A.I.D. Administrator Ambassador Alan Woods to
the first international conference of the Instituce for the

Study of Free Enterprise Systems". Buffalo, New York. May
27, 1988

T'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 ycu 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 adhererce 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 unenployment 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
gro&th 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 devialoping 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, Fut
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 futurae. He
spoke of their responsibility for development saying:

"History demonstrates that time and again -- in place a’ter 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 individval
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



Cancun, many developing countries have begun to consider what they can do to
improve their eccnomic performance. The;’ are starting to consider market
solutions.

We have been working clnsely 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. 1In Mali, we are working with the government to
liberalize the cereals market.

Governments around che 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 country'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 d:veloping 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 ti.at even where there isla private sector,
free enterprise as we know it does not always exist. Words like capitalism,

private sector, and, tc a somewhat lesser degree, free markets and free



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 count:ies 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 econvmic 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



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 :en 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. 1In
many African countries propervy 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



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 ccistraint. 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. 1In
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.



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 lcans
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,



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 cf the

developing world,



INTRODUCTION
TAE PROBLEM OF DEVELOPMENT: EXPLORING ECONOMIC DEVELOPMENT THROUGH FREE

ENTERPRISE

A. THE PROELEM 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
per-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 $249, 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
exampls, 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 curvent 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 differernces i1 income levels within a relatively short
period of time. By the statistics 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, ¢f 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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paramete 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" througk
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
product..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

11 N\



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 some ezogenously "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 kriowledge, 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.

¢) 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 ir 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 ploreering (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

13



("transitional dynamics"). This 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 develo;cd 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 suificiently 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 returna 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 accumulaticn 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, hut 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 ipnovations 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 lmportant 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, hcowever, 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 cne 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 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, hLowever, 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
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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 dellar 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 aryue 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 activicy, 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 c¢f 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-classical model of growth in
which population growth is exogenous to the economic system, and growth in per-
capita income occurs as a result of exogenous technological advances. Human
capital formarion 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 producticn
technologies and parental preferences governing the growth process. In the
more general scenarios considered, the authors conclude that the economy does
not hLave 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 develcpment steady
state in which the level of per-capita consumption remains constant cver time
and the ratc 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. 1In 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, c,, but from the total utility enjoyed by all of their
children, n,. Each generation of parents has an identical utility function

(1) V., = u(c,) + a(nt)ntVt+1.

In equation (1) V, denotes the parent's total utilicy, u(c,) the utility
from own consumption (specialized as u(c) = c’/o, where ¢ is an index of
the elasticity of substitution between consumption of successive generations),
and V,,, the total utility of each of the children as adults. This
specification of alcruism thus links parents with all of cheir future
offspring. Parents discount the future utility attained by children, however,
at the rate 1/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 ¢ 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 (), rearing
children (v) and investing in each child's human capital (h). These uses
of time exhaust the total time constraint

(2) ¢+ (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 H,. Together, they
augment the p:oductivity of the time inputs devoted to the production of both
consumption goods (real incoimne) and human capital. The respective production
technologies are

(3) ¢ = (dﬁ+Ht)£t, for consumption, and

(4) Hy,y = A(bﬁ+HL)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 consumptior 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 ar 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 invastments 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 = [1-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) = (L+g)'7,
where (l+g) denotes the growth in consumption across successive generations
(cy4y/cy). 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, 1l/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
my 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 o.
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 contributiou 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, 1/a(n), is lower:

c) the elasticity of substitution in consumption between future and
present generations (which is positively related to o) is higher;

d) the fixed cost of rearing children, v, is lower; and

e) the biclogically 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, 1/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
aszumption that unskilled labor has an insignificant effact 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)=an!®). The marginal
cost of children is an increasing function of the parent's levzl 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=[1-nv]A
and the rate of altruism time-preference l/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)*” = {2A¥
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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 (o). 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 1s 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, H,. 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 H,;) and the rate of
growth in consumption is zero, is show. 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
generations, or C,,,/C, - H,,,/H, = (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/HL
approaches zero, i.e., when H, is very high. 1In 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 R, = [l-n,v]A and lowers the rate of altruism-time preference
1/a(n.), thus generating an increase in the parental incentive to invast in
children's human capital. As the attained level of human capital reaches a
level commensurate with a development steady state (H,=H,;), the accelerated
increase in the discounted rate of return on investment Ra(n,)
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, 0, v, €). 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
(Hy) (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 (ﬂ/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 a steady state growth
equilibrium, it would continue to exert a critical influence on whether the
economy moves towards a perpetucl growth equilibrium or an underdevelopment
equilibrium. Also, the direct dependence of the rate of return on the level
of human capital accuwnulation 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 accurilation 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 medel, such destruction would be expected to
trigger an adjustment in savings that weuld 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 phvsical capital may affect the economy'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

35



even without any exogenous technical inrovations 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 cf knowledge that
surpasse¢s their own. FParental decisions invoive 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 urique 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 perpet.al 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 explanzstion 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 govermnment 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 fun;tion which parents seek
to maximize is given by

u = u(i,h,n,y),
‘where 1 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 are 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, @, and the amount of human capital, t. 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 lévels 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 rould 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 ircurred 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 pre-icts. 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-JADP 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. ilie 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
fertilicy levels. To test this hypotheses, Rosenzweig adds a reproduction
functien which has as its basic explanatory variables the amount of res.urces
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
var:able to incorporate the notion that an inefficiently controlled family size
will by negatively related to the investment of human capital per child.
Lowering ferti)ity then directly benefits children, provided that other
parental behavior i: the same.

The higher is the per-unit cost of fertility control and the less
efficient fertility control resources are, the higher is fertility. 1If 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 con;rol 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 bx 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 ovaper, 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 prsitive 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 incr:ase 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 technolbgical
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 Solc<'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, and by participation in

international trade, since tradcz increases the skilled human resources
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available for employment in the research sector.

THE ECONOMY

The economy has stocks of physical capital, humen 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, H,, 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 §, a factor

that affects productivity: A = 6H,A.  For any given amount of A, the

number of new designs is proportional to the amount of human capital used.
Returrs to scale, however, are increasing in the sense that if both A and H,
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, n, 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) = K,/n for all i, where x(i) is

the amount of intermediate good of type i, n is the amount of physical capital
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required per unit of output, and K, 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 H,. The
technology for producing the final good Y is given by a modified Cobb-Douglas

function

1]
Y = H} L? J. x(i)1®? qgi

o

where a, 8, and 1l-a-B 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 ard 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. 1In the diagram,
the short dotted lines indicate the flow of payments for inputs and outputs,
while the solid lines are the flow of snods 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, H,, 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, §A, is independent of the amount of human
capital employed but Is 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 necessarv 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, oﬁly
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 prefit 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} L? axl™?,
where X 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=Axn, the final goods production function becomes

Y = HJ L? A[R/nA]Y™?, or equivalently

Y = g™ AR (ALY (R) P,
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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
capltal.

Equilibrium in this economy corresponds to a path of prices and
quantities which satisfy the following conditions:

a) GConsumers 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.

¢) 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 is 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, ere equal in the two sectors using human capital: the design
sector, using H, units, and the final goods sector using H, 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, H, and H,, remain
constant over time.

Since final goods production is proportional to the rumber of intermediate
goods, A, final goods output must grow at the same rate as A.

Household preferences are assumed to be of & 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 Ke=AXn,
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 % for each
intermediate good, and so a profit maximizing margin 7 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: n=rP,. 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 E.

THZ 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
& Ao+l

where A = a/(l-a-8) (a+B), p is the rate of time preference, and o 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 design 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 poods 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:s, 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 §, 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 gfowth 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 goods 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 ceuld 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 treated 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". 1In 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 pericd, 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 has
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, v, (where y 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 er fo 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 v 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

58



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 i
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 y units.

LITERTEMPORAL 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 v, 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 y 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 y units of labor and sell each unit at a price
just less than 1 unit of labor. The difference of (l-v) 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 vy 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 (l-y) 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 consumption. 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 n,).

WELFARE ECONOMICS OF MONOPOLY

Recall that in Krugman'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 cermmodity 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 benefits 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 vy units while for unimproved
goods the unit labor requirement remains 1 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 v and could have congumed the bundle A.
However since the monopolies operating in the improved goods sector charge a

price of 1 rather than y 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 somzhow 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 "endownent" point is denoted as E in Fig. 3. C; and C, 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, C,, 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 y labor units. The economy is able to consume the bundle A in Fig. 2
since there is no monopolization from period 3 on énd " 1e improved technology
is available to all. Monopoly power which occures as a result of innovation

helps 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 I! I! 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 G! ¢! in Fig. 4. The number of innovations
per country in an integrated world economy is higher, at n,, than the number
of n; 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 7y 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
IT 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 forth an increase in future

production larger than one percent. In this diagram n,, P, and n,, P, 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

69
.df



same rate every period, and thus an expansion of the population reduces the
fraction of resources that must b: 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 consumptjon per-capita.
Krugman takes this idea one step further by identifying induced technological
innovation as au 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 th -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 that 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, because it assumes
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. 1In 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 same 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 = AN "%
Output is denoted by Y, capital by K and labor by N. The overall productivity
is measured by A, and the exponents, o, and 1l-o, 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 l-a,, 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 = AK'KN %X 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 thé real rate 100 years
ago snould 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 consuiption. 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
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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. IFf, 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 summarized 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) Hyyy = 6(I /H)H, + (1-6)R,
where H, denotes the human capital stock at time t, f(I,/H,) is a
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function denoting the adjustment costs, and § is a parameter denoting the
depreciation of human capital. The function § is assumed to have a positive
slope in I/H which decreases as I1/H increases, so that investment is
increasingly less efficient as investment grows relative to a fixed human
capital stock.

The authors solve the household's problem of selecting an optimal path ol
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
earnings at a given interest rate. They show that the optimal rate of human
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

The authors explore the implications for growth of an economy identical to
the one in I1II.l above, except that it produces two outputs, which may be
traded internationally. The production of each output is characterized by
constant returns to scale in both labor (in efficiency units) and capital. The
first output is a commodity good, and the second is gross investment in human
capital production. Physical capital in each sector is assumed to grow with
investment and to decline with depreciation, and the economy-wide investment in
any period must equal total savings, or the amount of the commodity good which
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 worid 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) Bg® = 1/(l+r),

where r is the real interest rate, g is the growth rate of consumption, B is
the rate of time preference; and o 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, I, which
can be used only to accumulate additional human capital. In both sectors
returns to scale are constant in the use of physical capit&l 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 sroperty that the
proportional increase in one input required to ke¢ep 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 th:» two sectors is constrained not to exceed the available stock of
these inputs.

The growth in physical capital i‘: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 depen-ds 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. 1f adjustment costs were negligible then the
function #(I/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, che 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) I, = AK*(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, A, 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 with 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 A, 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 risss 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 authers 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 human
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 endogénous 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 pathk, 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 O to 10% causes a 35% decline in initial consumption. In
general, the effect of taxes on consumption is greatest when o 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 r~ 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

83

LIRE

¢ f
Lt



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. Simulaticn
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 embudy notions of
neutrality in the treatment of different 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 jinvestment must satisf: the requirements for the accumulation of
assets by both business and househ‘id 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 servic:s.
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 perc . over the years
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 on labor income, the average marginal :tax
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. 1In projecting
U.S. economic growth under the 1986 Tax Law the authors take the average
marginal tax razes 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

The 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 provosal, the President's proposal, and the 1986 Tax Reform
Act are assumed vo 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

A
Property Tax Rates of
Noncorporate Assets

Property Tax Rates of
Household Assets

Sales Tax Rates of
Consumption and
Investment Goods

Sales Tax Rates of
Consumption and
Investment Goods

Rate of Personal
NonTaxes

Effective Rate of
Wealth Taxation

0.0100

0.0096

0.0100

0.0579

0.0579

0.0229

0.0006
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TABLE 2. WELFARE EFFECTS OF TAX REFORM

Rate of Revenue 1986 Treasury President's 1986
Inflation Adjustment Ta» 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
Laor 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 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 decrease governuent revenues by means
of a "lump-sum" tax or subsidy. They alco consider three methods for adjusting
government revenues that involve changes in tax-induced disiortions. These
include proporticnal 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 RErFORM 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 President's proposal and the Tax
Reform Act of 1986 all improve potential economic welfare substantially. In
tieir central case with six percent 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 « gain of $1907.6 billion, and the [ax
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
propesols is proviced 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 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 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 acsets. 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 elimination 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
feducing 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 hypothetical 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 businesé sectors, however, iesults 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 intersectoral wedges
armong just business assets is estimated to be only $326.4 biilion 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 estimated to be $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



TABLE 3. WELFARE EFFECTS OF TAX DISTORTIONS OF THE 1986 LAW

1. Within Sector Interasset Distortion

Lump Sum Tax Adjustment 443.9
Labor Income Tax Adjustment 248.1
Sales Tax Adjustment 168.7
2. Intersector Distortion: C and NC Sectors
Lump Sum Tax Adjustment -93.3
Labor Income Tax Adjustment -416.7
Sales Tax Adjustment -523.8
Individual Income Tax Adjustment -715.5

3. Intersector Distortion: All Sectors

Lump Sum Tax Adjustment 2262.6
Labor Income Tax Adjustment 2156.9
Sales Tax Adjustment 2118.6
Individual Income Tax Adjustment 2067.7

4. No Tax Distortion: C and NC Sectors, All Assets

Lump Sum Tax Adjustment 326.4
Labor Income Tax Adjustment 69.2
Sales Tax Adjustment -29.1
Individual Income Tax Adjustment -169.7
5. No Tax Distortion: All Sectors, All Assets
Lump Sum Tax Adjustments 2663.7
Labor Income Tax Adjustment 2606.9
Sales Tax Adjustment 2572.4
Individual Income Tax Adjustment 2547.2
6. Corporate Tax Integration
Lump Sum Tax Adjustment 1313.1
Labor Income Tax Adjustment 493 .4
Sales Tax Adjustment 238.1
Individual Income Tax Adjustment -274.5
7. Consumption Tax Rules (Zero Effecti{ve 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 1722.1
Individual Income Tax Adjustment 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 rhe 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 verv large indeed. Although the welfare gains
are reduced by approximately halt under the more realistic assumption that
revenue losses are offset by distoriionary tax adjustments, the latter welfare
gains are still impressive. JY conclude that iwprovements 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 inaexed 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 gainc from tax reform would have been obtained by
transferring 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 which 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 tixed, 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, ¢, 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. Fer R less than R,, since
income is below subsistence levels, the growth rate of population is Begative.
For capital-labor ratios between R and R, 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, £(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), {. 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
R{ and R is therefore determined by the relationship between the rate of growth
of population, and R. This is depicted by the curve R{(R) in Fig. 1.

The curve shows that when the level of capital per worker is less than

R,, R{(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 R,, at which point ¢
stops increasing with R, and may even start to decrease, bringing R{ down. 1In
essence, the curve R{ 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 §
1s 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 smalle; increases in output. If the reward for saving and
investing is the value of the marginal product of capital, saving reaches a
maximum at R, and then becomes constant. After R, there are no incentives
for increased savings since the returns to saving are constant. Hence the
savings per capita reaches a maximum at R,. <See figure 2)

Suppose that an economy initially has a low level of income, T,, and a

A
low rate of growth of income per capita, R,. T1f 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
R, and Y,. 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{(R) curve describes, as before, the amount by which
increasing population decreases R, and hence the minimum savings
nzcessary 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 Ry, 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 Ry, savings per capita
is less than R{, the amount necessary to balance the additional population
growch, therefore R falls. At a level of R just less than R;, savings
exceeds the amount necessary to balance population growth (R{), therefore R
rises. This low level of income per capita or equivalently capital per capita,
(Rg) corresponds to a stable equilibrium from which an economy cannot easily
"take-off". At a third level of R, R., any small increase (decrease) in R
will push the economy away from R. 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

105



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
R{ and raise S, thus lowering the "hump" between Ry and R., 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 domestic
savings still remains a necessary long-run goal.

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

106

B\S



evceed the products of the capital te labor ratic 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 of 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 investment necessary to bring about a given increase in
output, which is an indication of the efficiency c¢f investment Thus his basic
prediction is that take-off growth requires savings as a percent of income to
exceed the product of the ratic of investment to the change in income, and
population growth. For economies where international trade is important,
iavestmerit 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 arcund 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-ourput 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 savings generation but also lowering the required amount of savings

for sustained growth. According to Wsiang, 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 capitAI
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 in:.: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 thait 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 gevermmental 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 irputs, 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, deriving 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 multiple 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 consumption
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 anuther 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 consumption.
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 incie2ase 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 thic 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-ctax
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 lover 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 relatienship 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 governmernt
services they receive to be independent of their own tax payments. However,
when aggregate tax revenue increases, more services ate 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 & 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 tlie 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 ave generally proportioral 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 thev

produce, rather than the absolute amount of these services will be maintained
at a constant level.

With suzh 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 services they receive. A decision by households to save
%0 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 mich 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 only 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 previous 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 urbun deusity. The model predicts that an increase in this
measure of the productivity of govermment 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 bchavioral
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 govermment"

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 and government sizes may be largely independent,
However, with a fixed income tax rate there may also be an inverse correlation
betveen the growth rate and the size of govermment 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
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growing human capital and declining fertility is not accidental: lower
fertility induces greater investment in hum:n capital by raising parental
altruism toward each child, and higher human capital discourages fertility
by 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
suift 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 ave stable, real interest rates first fall and then rise as countries
pass from underdevelopment to development and growth.

Growth and development patterns vary encrmously: countries in tle
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 appreach 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



policies, and luck, as well as on permanent differences in preferences and
productivity. -

We make special assumptions about these preferences and
‘technology. Parents arz 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].



Section 4 expands the model to distinguish more sharply between
endowments of unskilled labor available to each person 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



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 Zzrowth, 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 per capita income and little human
capital, and on take-offs toward growtk marked by declining fertility and
rising investments jin 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 beginnirg 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

V = u(ct) + a(nt)ntv where u’ > 0, u" < 0, and a’ < 0, (2.1)

t t+l



7
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
in 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. 1In 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 + £ = 1 . (2.2)

where £ 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 S).

The budget equation for consumer goods is

c + fn = (dH+H)#, (2.3)
where d converts H into units of H. The wage rate is simply w = dH + 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

Q&Q
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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])
ﬁr 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:

H - Aht(bfi+Ht) , (2.4)

t+l
where b converts H into H units in the procuction 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
effect 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 1is 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+1

dHt+1

ué(ﬂ+Ht) - a(nt)A(ﬂ+Ht) (2.5)

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 speut investing

discounted by the rate of preference for parents’ consumption over

4
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children’s consumption -- we call this the rate of altruism-time
preference

Equation (2.5) can be expressed as

u! av

t t+l
- ur_ = A , where V! . = == (2.6)
a(nt)vc+1 4l 'Ht+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+1 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,

AL TS T o 4241 Yeaq]
t+l act+1 dHt+1 t+1 dHt+1

(2.7)

-y [2 i niht_+1]'
t+l| " t+l t+1 dHt+1
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with W, =———=H+H. (2.

Since we are holding Ht+2 constant, we can find the saving in h£+1 from

increase in Ht+1:

B

t+2 (H+Ht+1) dht+1 ,
an_ . " 0= A gben| T a1 (2.
t+1 t+1 t+1
Therefore,
Veri ™ Uga1 [eyq *ohey) = w',(evn) (2.

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

!
Y

a(no)eut

The rate of altruism-time preference (1/a(nt)), adjusted for the change

7 =R=1+ r, = (l-vn)A . (2.

8)

an

9)

10)

11)

over

time in the marginal utility of consumption (ué/ué+1), 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

W
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raises the productivity of investment and foregone consumption by the same
percentage.
If u(ec) =~ co/a, (0 <o <1), the avbitrage condition becomes

(1+g) = (a(n)(1-vmya)/1-9 (2.12)

where l+g = Ct+1/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 oy 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 1 shows that this
underdevelopment position is not a steady state if the rate of return on
investments exceeds altruism-time preference. For then, consumption anc¢
human capital per person rise over time, regardless of the initial capital

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,

Ce } (H+Ht+1) (1-vn-h__.n)

t+l
l-vn-htn

1+g = (2.13)

C -
t (H+Ht)

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+1 = h*. By equation (2.13),

h = lig - Aa/l-a[a(n)(l-vn)]l/l-a

(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 1/a(l)) is
larger, the fixed cost of children (v) is lower, and substivutability
between the consumptions of different generations (o) 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.

’ \&b'



14

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
»alues 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. 1Instead, 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 (f).

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 eoch 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 @ <1 and 0 < ¢ < 1. Initially we
assume that endowments and fixed goods costs are negligible (H=f=0), so that

the first order condition for n is

(l-e)an;cvt+1 - u'(ct)(v+ht)wt, where W, - Ht. (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 thé numb
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

=€ ' '
ane AVt+1 ut

er of

(2.16)

Second order conditions for equations (2.15) and (2.16) are u" < 0 and

o + ¢ <1. The second condition is required to insure positive value

(see the appendix).

s of n

If the elasticity of u with respect to ¢ 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*, n, = n* and
l+g= Ct+1/ct - Ht+1/Ht = Ah* satisfy these equations for all t. D

equation (2.15) by equation (2.16) to get

(1+g)(1-e)A'1vt

vt+1Ht:+1

+1 1

- v+ (l+g)a”

Along the steady state growth path,

vt+1Ht:+1 - d log vt+1 - = d log u(c)
Vt+1 d log Ht+1 d log ¢

ivide

(2.17)

(2.18)
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since an increase in Ht+1 by a given percentage increases all ct+i(i-1"')
by the same percentage. Then solving (2.17) for the growth rate glves

H

c
t+l - ;+1 - leée (2.19)

e t

l+g=

that is independent of'Ht. Similarly, by substituting for 1 + g into
equatrion (2.11) we get the steady state fertility rate, n*, as the unique

solution to;

l-0
) (1+g ) l-o ;..
an*” € (1-vn¥*) - A < - [—1—%] v (2.20)

The growth rate and the fertility rate depend only on the parameters v, e,
o, and A.

Comparing equation (2.19) to equacion (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.

QA
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By differentiating equation (2.20), it is straightforward to show

that

dn* dn* dn* dn*
dv_ < 0, o 0, > 0, and de < 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
(a) 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 1s proportional to

./ <~



18
v. Equation (2.20) implies that the elasticity of n with respect to v
exceeds 1:
d log n (1-g)(1-vn)4vn

" dlogv "~ e(1-vn)+vn > l sincel - o> € . (2.22)

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 indepcndent 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.



19

Ei.logenous fertility changes the first order conditions for

investment in equation (2.12) to

c l-0
(1+gt)1-a - [_Eil} - an-e(l-vn

The rate of return to investment in human capital at t (Rt) depends
negatively on future fertility (nt+1). The first order condition for

fertility is
(1-e)an;‘vt+l - u'(ct)[(wht)(ﬂmt) + f] , 2.4

where f is the fixed goods cost of each child.

The solutions to these equations clearly depend on the endovmert
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 H 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
n.=n.q- 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

-€
1- A<1 . 3.3
anp ( vnp) (3.3)
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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
(1-c)anl;eVp - u'(cp)((vﬂ) + f) . (3.4)

By substituting for Vp and u(cp), equation (3.4) can be rewritten as

(1-vn )A/f-n_ _ a[l-ani-e] a5
vA/£+1 (l-e)anl;e

The right hand side of ecquation (3.5) is increasing in np 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 consumption 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 ecorniomy returns to the

underdevelopment steady state in one generation. In particular, if

v(ﬂ+Ht)
N <1l-0,vwherel - o0>¢ |, (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

WA
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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
State (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:

anc'l‘a-vnd)A -1, (3.7)
- -1 1-
1- (v+hy)ny- £n g (F+H ) . l-any € .8
v+h HE(H ) -1 | 1-e amc'ic
where
Aﬂhd
Hy = T-Ah, (3.9)

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

o~
[ 2
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between fertility and development found across countries and in the

histories of developed countries. The Malthusian model went ba&ly 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 h Then (3.8) determines a unique

q°
investment rate, hd, that is negatively related to the value of ny
determined from equation (3.7).

The first order condition for investment in the development steady

state is also expressable as

mnc'l‘mr('i - 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

h.A =" .vA | (3.11)

where g = (Vé/Vd)(ﬁ+Hd) (see equation (2.18)).

Since hd is feasible only if hdA < 1, the steady state is feasible if, and

only if,
vAg VAo
1-¢ < 1 and T-¢-0 >1 (3.12)

[f)\9
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The second inequality in (3.12) is the condition for perpetual
growth (see equaticun (2.14)). "herefore, no development steady state exists
when perpetual growth is not possible (remember we are assuming £ = 0). The
policy function that relates H ,, to H_  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 o) 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 45° 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 H and
negr.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-¢)/0 > vA, even if perpetual growth is
possible. However, an underdevelopment steady state then does not exist
Jaither,l and the economy grows no matter how small the initial capital
stock. 1In 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 wfth 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 £ > 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 H Since the right hand side of (3.1) is

q:
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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
Positive 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 becoues
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 cenvex 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+1 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+1 > 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-¢-0)/0, 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 1ot exist, the policy function that relates Ht;l to Ht
would cross the steady state line from above. Then the development steady
state 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 the 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 ¢ in equations (2.3) and (2.4). Tais
assumption about the productivity of endowments reduces the need Lo 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.
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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 ¢ or H is reduced if hours worked in
equation (2.3) is raised to a power § < 1. A sufficiently low § 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. 1In subsequent work we will consider specialization and unequal

investments in different members of the same generation when capital markets

Wt
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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 ¢ is
given by

c, = (1-(vt+ht)nt)6(dﬂ+Ht) - fn . (4.1)

The first order condition for optimal investment in human capital is

-e , -
ut':wt - an, Vt+1(bH+Ht)’ (4.2)
or
2en [bH+Ht 2 dH+H, 4 ug
R =aA +n_..h |} -, (4.3)
t It dFH_H ) t+1 t+1 bﬂ"'H -€ ,
t t+1 e Ve

where £ = 1 - (v+h)n is the time spent at work. This equation reduces to
equation (2.11) when § = 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

(H Ht+1) are larger. As H increases, the weights given to the endowment

t)
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 » d is then the same as the analysis when b = d. 1In

particular, equation (2.19) still gives the determinants of the steady state

rates of growth in per capita human capital and consumption when fertility

AY
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is endogenous. The basic parameters are still v, A, o, and €, while 5§, b,
and d have no effect on the steady state rates of per capita grcwth.

The parameters b and d do have very big effects when H is large
Telative 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

> (1-vma) < o Int . (4.4)

Even if n is small, the inequality in (4.4) holds when b/dé§ 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
stead, state with no investment in human capital because the rate of return
on investrents 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:

1 A(bFl+Hd) 5 (dﬁ+Hd)
- —= l1-vn-hnl|l - ———— (4.5)
an” € (dH#H 38 d bH+H d
where
bAﬂhd
Hy - 1-Ahd ) (4.6)

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 cépital
increases destabilize the steady state even with fertility constant.

These higher 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 "reasonabhle" values of o 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 > Hy, 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 Hy 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 would 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 accumulaticn 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 eccnomy 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

e
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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
Tates. This suggests that sheer luck must be 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 medir ral 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 stagnaved 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 steazdy 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:
- - B,6.s
Qt (dH+Ht) Etkt . (5.1)

The exponents B8, §, and s attached to each variable may differ. We assume
that k as well as H has a greater effect on the production of ¢ 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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-€ - v +1
uiw, = an, A(bH+H )77 , (5.2)

t
t aHt+1
‘where W= aQt/azt. The first order condition for n depends on the
assumption about k. If k represents exogenous technological progress that
advances at the rate By the first order condition for n is

ug[(v+h Jw +£] - (1-c)an;‘v (5.3)

t+l
If consumption and human capital grow over time, then eventually f and H
will be negligible, and H and ¢ will grow at constant rates. By dividing

equation (5.3) by (5.2) and simplifying, we obtain in the growth steady

state:
H
t+l Vg*A
B~ L+ ogy = Toeor (5.4)
where
% o . dlogV
o = P = 4 Tog H (5.3

along the steady state path. Human capital grows more slowly in the steady
state when g is smaller -- when the returns to H in the production of
consumer goods diminish more rapidly -- because 8 < 1 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 Ey» one might expect By also to be
positively related to gy - However, even with fixed fertility, the effect of
@ 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 gy 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 g, can be either positively or
negatively related to By with other functional forms.

Since c, - Qt when kt represents exogenous technology, then

log (1+gc) -~ f log (1+gh) + s log (1+gk). (5.6)

The steady state rate of growth in per capita consumption depends positively
on the rate of technological advance: B, 1s a weighted su of the rates of
growth in per capita human capital and technology. The rate of growth in ¢
depends on the diminishing returns to H in the production of ¢ both directly

(B) and indirectly through its effect on 8-
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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 = KyN." (5.7)
where Nt is population at t. Since :n 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 ¢ to e¢* = ¢ + sa.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):

t+1 VoA
Ht - 1+gh = Ij:%j;; » With o* = Bo and ¢* = ¢ + so . (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 (1+g_ ) = B log (l+g, ) - s log (1+g,.), (5.9)
c h N

where BN 1s the steady state rate of population growth. Greater importance

of natural resources in the production of consumer goods directly lowers 8.
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when gy > 0. But an increase in s indirectly raises B. by lowering By and

raising & the net effect of s on 8. 1s ambiguous when population is

growing. However, if population is declining, By < 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 accumulstion is
av
ul = an € & (5.10)
t+l ’

The first order condition for n changes to

' - . -€
ut[(v+ht)wt+f+kt+l] (1 c)ant Y (5.

t+1 °

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
' - . -€ .

ut[(v+ht)wt+f] (1 e*)ant Vt+1 : (5.

with ¢* = ¢ +so, and so = (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.

11)

12)

The rate of growth in H is greater when physical capital is more

important in the production of consumption goods. This is mainly because

increase in s raises the cost of children and reduces fertility, which

an

lowers the degree of altruism-time preference. It is rather surprising that

hY
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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

aQ

—t _ opbyfs-1

1+ r, - akt sk Htkt . (5.13)
Therefore, a constant I, requires that
P log(l+g, )

log (1+gk) - 1. - (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 (f=1-s). The optimal ratio of k to H
would then be determined from I, - . the fixed rate of return on human
capital. 1If returns to scale increase in H and k (8>l-s), k would grow
faster than H, and conversely if returns decrease in H and k. Regardless of
the relation between g and s, per capita consumption and output grow at the
same rate as per capita physical capital since from (5.14):
log (gQ) = B log (1+gh) + s lcg (1+gk) = log (1+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 ambiguéus

Ab
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effect on human capital accumulation since it increases fertility as well as
the return to investing in human capital. Increzsed 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 iun this section
by assuming exogenous fertility (n=1).

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 exauples 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 H = 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 H = 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 § = 1-s, so that k and H grow at the same rate in the growth
ipeady 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 H=0, and I < 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 Ceyl

relative to e (i.e., increasing the interest rate). On the other hand, the
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increase in k also encourages investment in H by lowering the cost of
investment (wt) relative to returns (6ct+1/6Ht+1).

If u = log ¢ (0=0), and if the production function for ¢ is Cobb-
Pouglas (see equation (5.1), the effect of a change in kt on ué+1/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 ﬂ-O).5 The isocline for
H would be vertical, as is H*¥ = 0 in Figure 5. 1If either the elasticity of
substitution in production of ¢ is less than unity or the elasticity of
substitution in consumption exceeds unity (o0=0), then a fall in k actually
stimulates investment in H, and the isocline for H is positively sloped.

The effect on ut+1/ut 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 H = 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
H=0is 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 Hitshleifer
[1987])). John Stuart Mill remarked on ". . . what has so often excited
+onder, 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 (4 - 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
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human capital and physical capital is less than unity, or the elasticity of
substitution in consumption over time exceeds unity. Then a country does
7ot 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 H = 0(say below H* 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
Mill’'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 cther 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 for 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

o = 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 = |
H = units of raw labor per person = |

/= 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

1If f = 0, ari underdevelopment steady state exists if

! > AV’
u (cp) a(np) P
where n_ and c_ solve
P P
' H = (1- v
u (cp)v ( c)a(np) P

By dividing one equation by the other and using o = Vé ﬁ/Vp, ve get

2The arbitrage condition at a point H' is

(e

e41) ey - !

an' " ¢A(1-vn

If H' > Hd is sufficiently close to Hd, n' = ny and ¢’ = ¢4 The left hand

side equals 1 when n

1~ D =N, and ct+1 = C!' - cd. If ct+1 > ¢' when Hd

t+
is unstable and Ht+1 > H', then the left hand side equals 1 only if

! -
nt+1<n nd.
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The utility function in the t~ period is

-€ 0o -¢ ,60,B0,50, ~s0
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~ aN_ "2 nhogse

t 't 0
5Letting a be the discount factor, L the wage in period t and .
the corresponding level of consumption the first order conditions for human

capital with log utility is simply

(g

t+l

0
le]

t t+1

and the first order condition for physical capital is simply

where Rt+1 is the marginal product of capital in period t+l.

Rewriting these equations as

He o] [¥ele Yerlen
H c = Aa c
t t t+l

and




shows that if human capital grows at the fixed rate An, the first equation
will be satisfied since labor's share is fixed witk Cobb-Douglas. 1If 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 sixiies concerning aggre-
gatioii problems. But, forming these aggregate input series along with
aggregate ocutpul 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 humn 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
roughly 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 1o recognize that exogenous means exogenous ¢0
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 coniain 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 equilibrium 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. If 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



years then they would otherwise choose, growth on average would be more
rapid. In the Chari-Hopenhayn economy it would not be. Is fhere any
careiul 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 staie. Becker and Murphy model assumes all exter-
nal etfects 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 does 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



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, 1 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. Solow'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 nicoly ratio-
nalize the infinitely lived family construct. Barro and Becker (1988) 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 children 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.

\V}

4%



Is it any more appropriate to hypothesize a utility function for a
family then for a firm or a labor union or a government or for that matter
any organization? 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 (1969) 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 dynainic
coalitions utility function if one adopts the general equilibrium paradigm
without some auxiliary assumnptions concerning the mechanisms being
used. /.nd 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 clone's value function depends only of their own
consumption and upon the utility of their immediate clones. What empiri-
cal evidence is their for this underiying 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 assumed 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

W



consumption of their parents and grandparents. Or suppose that agents
have the Phelps-Pollak (1968) type utility. How does one econometrically
distinguish between the alternative structures? For one, outcomes are
efficient in a sense and for the other they are not.

To summarize, the Becker-Murphy paper is rich in ideas. A
weakness 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. | would have trouble using the struct:re Becker-
Murphy in 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 summored via satellite, from de hart van Noord Brabant, with the Becker-
Murphy paper waiting at state-side. With no time 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, I now act as an ersatz develupment economist and an
observer of the (east) Asian Druma.

This paper of Recker and Murphy is timely, ambitious, and technically
marvelous: timely, since growth and development are presently the pre-
occupations of Gorvachev, 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. Te illustrate lrow complex are the matters, note that demographic
‘ransition is viewed as an issue defying simplification by demography authorities
[see Ansley Coale (1987)], and whether factors like Confucian ethos are crucial

for development remains an unsettled issue [For example, Morishima (1982),
Wan (1688)].

Overalil, I consider this paper as highly successful, offering an approach
ready to be applied and adapted. For illustration, 1 suggest two instances where
such adaptation may yield intereting resulis.

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
mocel by Becker and Murphy provides the clue to explain such paradoxes.
Although 1 do not have the time for details, 1 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"Xdc/oh)
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 shall
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 economiies have
to offer, at the outset of their industrialization. Their records form the naiural
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 the
disaggregation of the labor supply and the interaction among the national
economies, as tabulated below.

Labor force Different Ecomonmies
Becker-Murphy Theme Homogeneous Independent Growth
Suggested Variation Heterogeneous | Interdependent Growth
2



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 the highest in the world. Even Korea and Japan rely much more
heavily 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, incurriny, rather negligible opportunity cost. They often receive
wages lower than the unskilied (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 guarentee 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 jverall 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, 1973

Textile/apparel/leather 70 %
Communication Equipment 72 %
Electric generators 63 %



b. Monthly wage comparison (in U. S. $)':

Assembly workers (A) Unskilled workers (U) AU
India 120 16 ' 7.5
Taiwan 259 45 35

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 on
Education 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 parabolic formula:

Rate of Imiwation = (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 isclation, with no
recognition 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 in
Comparative 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.

Polic
Preconditions J Consequences
f : ) Stylized Facts
internal Educational Low
Infrastructure (4) (3)

- J Fertility
r N
Outwardiooking \

External regime . 2)
. / High
rCompeti‘tiue h (5)

Labor Market Growth

\_ y
Institutional
(. )
Liberal Invest- e 1Y

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 import 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 o1l rigs. Low
adjustment cost forms the basis of the mechanism of manufacturing up [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 to
disaggregate 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 preductivity gain (as reflected by the diffusion effect in stylized fact (6)



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:

L. 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.

IL. 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 tournam=nt model. Whether this implies over or
under-accumulation of human capital is not obvious.

(2)In Japan, competition for the best job leads i 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

The overqualification phenomenon is consistent with long run labor market equilibrium. For example, in Wan
(1987) information asymmetry causes relative wage rigidity and job discrirzination in a persistent equilibrium.
Adding to thiv a Harris-Todaro rationing feature then agents would continue to elect for education, knowing fully
well that in equilibrium, part of the educated is destined to be overqualified for the unskilled job they must take. The
cost 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 tg its
historic end. Thus, the value of a particular type of human capital may depend
upon the stage of development of an economy. Moreover, hurnan capital is just as
neterogeneous as physical capital, a fact underlying much controversy for the old
growth theory.

A concluding note

To set the matters in perspective, 1 would like to invoke the teachings of Milton
Friedman (1953), where a theory is judged successful, not by its descriptive
accuracy, but by its anaiytical relev: . Although various adaptaion may be
needed to apply the Becker-Murphy theory to various occasions, the basic
contribution is fruitful, beyond any doubi.

U would further take a leaf from the last page of The Growth Theory by
rny teacher, Solow (1970), where he proposed a dualistic approach: the
coexistence of simple models tc yield “usable insights” and “usable large-scale
econometric models ... on the basis of ... insights from simple models”. The
Becker-Murphy model clearly fits well the first category.

Significantly, Rene Thom (1975) also favored a sequence of models for
various 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 vevised 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 iatter
literature and the neoclessic 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. Intertemporal 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 (1988). -- an attractive feature which may not
survive structural periurbations -- and the strange attractors, with
unproven anplicability 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 1o 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 ai 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. Heince, 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. Atter 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 wiscom
convirices 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
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‘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, not much more can be done on any isolaled topic. By and large, 1
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 state
variables, 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 €scape our notice. We live in three
dimensions. Three-state phase diagram is not always unmanageable [see
for example, Wan in Bhagwati et al 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 1
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 generation models
under uncertainty has become the foundation of macro-monetary models.
Likewise, incomplete contract as well as bargaining theory have made
much progress in labor economics. It seems apropos to ask whether the

NS
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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 on steady state
analysis, the more conventional approach 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 learning-by-doing without an additional state variable. It
turns 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 concems the example of ancient China as compared against
Great Britain. This may illustrate an unstable intermediate steady state,
from which Juck may bring the system to either sustained growth or
stagnation. However, in this particular case, not Juck, but the opening to
external trade seems to have made much difference. Since innovation is
inherently lumpy, it may cause unbalanced growth and income
redistribution which strains the socio-political fiber. Even with their
cxport-led prosperity (and iicnce the relative ease for labor realivcation),
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, were traditionally accorded
less importance than agriculture. As it was, several Chinese empires fell
prey 1o 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 or over time, are the inverse
assocliations between fertility rates and per-capita incomes and such
indicators of human capital as schyoling 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
countries that have experienced high rates of per-capita income growth in
théylast 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, 1985, 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 patiterns. 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



economlc growth also jointly influence fertility and human capital
accumulation.

Micro cata, 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 inferring
the causal mechanisms that form the ccre 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. 1In 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



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 propelled by (exogenous) technical change. Cross-sectional
micro evidence 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
geograpnically-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 annualiy 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 Changs, 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 cen 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 technoiogical 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 levele 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
alternative 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 averag> 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 exogerious 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 =ud how family size and
schooling decisions respond to alteratjons 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



the contribution of parental .ime to human capital formation and its
allocation across activities, although these features car be readily
embodied in the model. The model incorpcrates a limited form of parental
altruism, in that parents care about the incomes or earnirgs, and possibly
also the schooling per se, 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=1U(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), hj>0, hjj<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 + D

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.



Children when young are employed at a wage rate w per unit of time vhen

not in school, so that the budget constraint is:
(4) I + nw(T-t) = n(p, + b + Xp,) +y,

where I = income of the parents, Px = Per-unit price of x, and P = 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 - ahl)

(5) mrsy o =
hl(pn + b + PyX - 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 cr from children.
The compensated effects of a change in the child wage on the level of

schooling t and on family size n are:

de€

(6) — = nStt + (T-t)Snt
dw
dn®

(7)) — = (T-t)Snn + nSnt
dw

where the Skj are Hicksian compensated substitution effects. Since the
model implies that all Sjj < 0, then as long as schooling (human capital)

and family size are Hicksian substitutes (Snt > 0), the model yields the



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 fertility can be used to test the proposition that economic theories of
fertility are capable of explaining why certain changes in the economic
environmenc can result in opposite trends in fertility and human capital
levels. None of the effects on either family size or schocling 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
P, 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 predictions 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 se, but only about



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) ahl - 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) mp o= gy = -hy(th)7L >0,

- -[t:(ﬂ-l)]'1 when h is Cobb-Douglas,

where Nkj = elasticity of k with respect to j and B 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

p ’
Pn n

so that . a z 0 as [ne ol 2 1l or as t(B8-1) z -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




negative). This result can be more readily understood by substituting the
rental rate-schooling elasticity in (10), using (9):

ah
A1) ng g = — Ing o Lngp -

Pn n

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 e a > 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 wview) 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. 1In 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
cffects of either changes in the costs of children (py) or of changes in
parental inceme 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 recpect 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 ca,ital production function is, for example,
Cobb-Douglas, are

wT

(12) ne o = A ng y+ 1+ —n ] and
P n
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wT
(13) My g = B ny y + — 2, 1 )

Pp n
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 1s 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 2nd 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 1 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 Caild Schooling
end Fertility: India, Indonesia and the Philippines

Schooling Children Ever Born

India: Enrotl- Indonesia: Enroll- Philippines: School-
ment Rate, Chil- ment Rate, Chil- ing Attainment, Chil-

dren 5-14%® dren, 10-18° dren 10-20°

Boys Girls Boys Girls Boys Girls lndiab'e Indonesia® Philippincsd
Child wage -.051  -.066 -.030 -.020 -.021  -.021 .20 .010 .03¢
elasticity (1.81.)f (2.54) (<.11)  (1.15) €1.50) (1.61) (1.7 €(1.74) (2.05)
Father's wage .98 79 .24 .25 .066 .066 .68 .22 -.049
elasticity 6.65) (5.84) (7.22) (6.21) (2.48) (2.76) (1.91) (16.6) (1.48)

8. 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
conta’ning a large number of communities (u8 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 attsntive 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 "CGreen
Revolution” in India over the 1961-71 period.

An important feature of the indizn expericace 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. 1In 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
pProgram 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-
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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
substintially more likely to be using the newer high-yielding grain
varieties (HYV). Moreover, within the IADP districts, farmers with higher
levels of schooling, fr: 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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"Returns" to Schooling:

in IADP and non-IADP Districts®

Table 2

Gross Income of Farmers in 1970-71

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 indicetor of weather.

observations = 3226.

b. t-ratios in parentheses,

Number of

4 ,)
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farmers across the two regions for schooling levels above primary are not
statistically significant.

It is, of course, not possible to know based on the NCAER-ARIS iicone
data, collected ten years after the introduction of the HYV seels, whether
the returns to primary schooling were higher in IADP districts 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 NCAEK-ARIS data. Members of
households aged 2% 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
IADY 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

1971, based on schooling for boys aged 10-14 in 1971.

c. Source: Agricultural Wages in India.

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
women 25-342
Percent no primary b 25.8 11.3 -56.2 40.8 28.7 -30.0
schooling (males)?:
Real agricultural wage, 1961 rupees per day ©
adult males 1.50 1.86 24.G 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



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 IALP
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 districis.

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 (.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 elesticity would have to be over 2 in absolute value
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(27.9/12.7).3 On the other hand, if 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 schocling across the IADP and non-IADP districts, are not
consistent with a high fertility-a elasticity.a Indeed, as noted, the
efficient schooling model predicts a fertility increase when the response of
schooling to child wages is not elastic.?
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 rhe 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, in their view, will importantly increase human capital
investments and thus leacd 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 bhirths, following Easterlin et. al. (1980) and Rosenzweig and
Schultz (1985), is to add a reproduction function of the following form:

(l4) n=p+n(z) n <0, n” >0,
where the z are resources used to control births (e.z. contraceptives) and u
is the exogenously determined number of births that would occur in the
absence of fertility control (z = 0). The level of u, fecundity, is
biologically-determined, but parents choose the actual level of fertility n by
allocating more or less of the fertility control input z; 2z not n is thus
now the control 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.=.

(15) h = h(t, x, n; v).

If hy < 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:

n(w - ah)

(16) WISy, =

Bylpp + b+ pyx - w(T - £) - n(hy/hyw + p,n |

where P, = 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 (p,=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’] 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 |h3|. If parents are
unaware that h3 < 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 hy < 0, would
appear straightforward, requiring the estimation of the human capital
Production function (15). However, 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 correlat»d 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 healthiness of the child or the nealthiness 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 unbjased estimates only if the inputs, inclusive of the fertility
variables, are not correlated with the unobserved v. 1If 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 1is

given by:
dn w hll dn
(17) -— "M== Sp¢ - Spyp t N —

where dn/dl = 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
(spe > 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 (h3-0). 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. 1In 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 (13).

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
1s 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 chiidren 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 i1l and
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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 (1) 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 dynamiczlly 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 considerabl:
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 Ag= Elasticities for
Birthweight, from Within-Family, Instrumented Production Function Analyses:
Malaysia, Colombia and United States

Malaxsiaa Colombia.D United States®

Variable Elasticity Mean Elasticity Mean Elasticity Mean

Birth order (after -.16 2.5 -.24 4.6 -,012 1.6
first birth) (1.17)¢ (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.
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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 -- g 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.

¢. 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 -vidence. First, there must be
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evidence that the cost:liness 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. 1In
particular, ex post (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
bacause young mothers in the United States evidently have unrealistically
high expectations about the quality of their chiidren 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 enviromment report different numbers of unwanted children?
Unobservable differences in human capital endowments (v) and/or in
preferences, in addition to variability in fecundity (u) or in contraceptive
ccsts p, may influence excess births. For example, households in which
smaller per-child human capital investients 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
unambiguoucly 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
P the cost of contraception, on human capital investments, i.e., estimate
the cross price effect Sht bY estimating dt/dp,. Studies of the "cross
price" effects of family planning programs (which either reduce p, 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
the Philipines.8 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, u in
the model. Because fecundity is likely to be orthogonal to preferences and
robust to at least small changes in thie 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 u on fertility control resources z, allowing the household to

adjust all of its resources optimally:

dz n”
(18) — = (n’)"1
dn

— PzSpyp - 1
n

Because dn/dy = 1 + n'(dz/dy),

Expression (19) indicates that if either p, = 0; 1i.e., fertility control is
costless, or n’ = -w, 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 P, > 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 p, | n” dt
(20) — = . — | — g
du n’ r’ dl

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 th- couples, only information on birth histories and the
behavioral outcomes of interest. Simnce the probability that a couple
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 neecded 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 tuis approach u is measured by estimating the reproduction function (14).
1f 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 fartility control (and all other relevant) inputs
in (14), the "residual," represents that part of fertility which,

definitionally, is beyond the couple'’s control; 1i.e., for couple k,
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CIPRLNEL Y

The Rosenzweig-Schultz residual methodlrequires 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 #, as in (18) and as
a consequence the unobserved y 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. 1In
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 tased 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 u on cumulative births in

that study, i.e., an estimate of dn/du, since dt/dn = (dt/dp)(dn/dp)'l.
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Table 5

Estimates of the Percentage Change in Children’s Schooling Attainment due to
One Unanticipated Birth Using Three Methods: 1India, Indonesia and Malaysia

Age-Standardized Mean Years
Schooling Index? of Schooling

Method Non-Twin Children Twin Children All Children

Twins per pregnancy (India)® -34.0 - -
(3.22)F

Twins on first birth -17.3 -20.0

(Indonesia)9 (1.48) (1.63)
Residual fecundity (Malaysia)e - - -8.3
(1.62)

Mean of actual schooling of children of age i in family divided by
average schooling for all persons aged i in population,

Includes expected schooling attainment for households in which children
are still attending school.

Estimate assumes 7 pregnancies for average family, from Table 2 in
Rosenzweig and Wolpin (1980). Source: NCAER-ARIS.

From Table 5, rural households in Song (1988). Source: 1980 SUSENAS.
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.

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 cdifferences 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
wom2n 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 womea. 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 size, 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 biolegical 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. 1In particular, the evidence suggests that (1)
alterations in the returns to human capital associated with exogenous
technological change lead simultaneously to increases in schooling
investments and to significant reduntions in fertility in the absence of
family planning interventions and that (ii) the costliness of fertilicy
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 example, 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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Eootnotes

1, The model embodies the interaction between child quantity and qualicy
in the household budget constraint (Becker and Lewis, 1973), the economic
value of children (Rosenzweig and Evenson, 1977), the production of human
capital by heterogeneous households (Rosenzweig and Schultz, 1983), and
intergenerational transfers (Becker «nd Tomes, 1979) that have been
emphasized in prior work formulating models of household fertilicy
behavior,

2. For example, o rise in Py 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. 1In 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
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rates may be high. The estimates reported in Table ] assume that most of
the variation is child vage rates is due to spatial differences in the
demand for labor. 1In 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

equation between the wage rates of children, adult females and adult males,
5. In Rosenzweig (1982b), Cross-sectional differences in school
enroliment and in fertility between IADP and non-IADP farnm 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
fertiliey 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 talke 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 suppdrts
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 essenfial 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. 1In Practice it means that the model must be
tested in a relatively stationary environment (lictle 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 econorics gives one pause in applying

these results to natural time-series experiments. The timing and occurence



of the demographic transition are among the most interesting phenomena to be
studied in the developnent context. That these transitions have occurred in
many countries is beyond dispute, yet the results reported here are too
gmall 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 ore 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 enrnllment 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 exténsive
investigations of the pure biological effects of fertility on children'’s
human capital is a research probler 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 hy general bpiological knowledge, where these effects are
apparently so small at the frequency and birth intervals acrially
experienced by human beings as to be safely ignored. If'the economists had

found big effects here, who would helfeve the results other thar, those who



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
. @llocation 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 famiiy 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. 1It'g 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 seenm 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 enpirical
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 or 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 Zoasian world with perfect contracts,
the impossibility of children contracting the conditions of their b’rth with
their parents makes the peint 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 daia. I like people
with substantive interests who pursue a probiem 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 development.

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 three main questions. One
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 causa) 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 “trye” respomnses is smaller than
is shown by the simple relationship. Thus there are no surprises where partiz| correlations

that reveal economic behavior differ in sign from the simple correlations. Readers will be
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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 constitutes
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. economy
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 on structure and 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 “leJvidence 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 respect
to 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 gravitational pull both by the earth and 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, 1i 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 iust 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 little
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 relaxad. 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.
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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
produced by an hour of work 100 years ago. Since at least the work of Solow (1957),
economists bave 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
improvement over cave walls.) Now we know how to spread iron oxide on long reels of
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 additionai 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 premise that technological change—
improvement in the instructions for mixing together raw materials—is at the heart of
economic growth. In many ways, the model is similar to the original Solow (1956) model
with technological change. Technological change provides the incentive for continued
capital accumulation, and toéether, capital accumulation and technological change account
for most of the increases in output per hour worked. The model goes beyond the Solow
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 producing sector, the model makes an attempt to capture Allyn



Young's observation (1928) that “an increasingly intricate nexus of specialized
undertakings has inserted jtself between the producer of raw materials anc the consumer of
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,
reduced form production function like the one Solow used. Viewed from this perspective,
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
specialized firms, each with its own unique role in the production process. What is hidden
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
mode! and the process of growth driven by the introduction of new inputs in production.
Investments in technological change have an inherent fixed cost cheacter; 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
specialized inputs in production that are available at a point in time. Without the fixed
costs, one would expect all conceivable inputs to be availabie right from the start. The
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

focuses on a dynamic model with differentiated inputs in production. Asa result, it shows



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
for trade with the rest of the world. What matters for the rate of growth of the technology
is the stock of specially trained human capital that can be used in research, not the stock of
raw labor. In a closed economy, the growth rate is increasing in the stock of human
capital, but it does not depend on the total size of the labor force or the population. If the
stock of human capital is too low, growth may not take place at all. If two closed
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
describing how they might be matched up with data. A key task is to make a distinction
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
outside of any individual. (Note that this use of the notion of embodiment is quite
different from, and has little in common with, the older notion of technological change that
is embodied in a particular vintage of capital goods. Throughout this paper, "embodied"
means embodied in a person.) Human capital skills like those of Auguste Renoir or Claude
Monet are for the most part embodied in individuals. They cannot be exploited without
the consent of the individual, and they disappear when the individual dies. In contrast, the
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



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 and used without the consent
of the developer. Legal and social arrangements may be instituted to limit the
unauthorized 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 the 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
production possibilities. These issues have been noted many times before, but they are
worth rejterating, for they have not yet been fully addressed in models of growth. There
are many models that follow Solow in allowing for disembodied knowledge that evolves
exogenously. On the other hand, Arrow (1962a) and Romer (1986) consider models where
knowledge evolves endogenously but is intrinsically bundled with physical capital.
Similarly, Lucas (1988), King and Rebelo (1987), Becker and Murphy (1988), and others
have followed the lead of Uzawa (1965), allowing for the endogenous accumulation of
knowledge that is embodied as human capital. All of these kinds of models preserve price
taking behavior, but the discussion in section 2 suggests that this is precisely what must be
abandoned in a mode] that allows for knowledge that is disembodied and that evolves
endogenously. |

Section 3 describes the specific model that is presented in this paper. It specifies the
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

externalities from knowledge spillovers. Section 4 offers a brief intuitive description of a



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

omniscient, omnipotent planner. Algebraic details are placed ip an appendix.

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
modern models of aggregate growth: physical capital K, labor L, human capital H, and
the technology, or disembodied knowledge, A. This input list is the minimal list that
allows a theory of growth to take advantage of the insights from growth accounting, labor
economics, productivity analysis and tlie 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
operational, these variables must at least in principle be susceptible to measurement, s0
some discussion of how they could be measured is called for. Because human capital and
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.

Physical capital K can be measured as it is in studies of growth accounting. In
crude applications, it is simply the result of cumulating aggregate investment from national
income accounts and making an allowance for depreciation. In more refined analyses, an
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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capital. In practice, it is assumed that the service flow will be proportional to the stock if
it is measured correctly.

Labor services L are a measure of skills like eye-hard coordination that are
available from a healthy physical body. As in the case of capital, it is possible to
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
in continuous time, L can be taken to be the stock of bodies times the average fraction of
time spent in the labor market.

As used here, human capital H is intended as a measure of the cumulative effect of
activities like formal education and on the job training. Human capital is assumed to be
embodied in the sense that it disappears when a person dies. Like physical capital, human
capital is a stock that can be measured indirectly through observations on investment
expenditures. In the economy as a whole, it has units like total man-years of education.
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 time
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 activity. Although it is measured in units of
man-years of education, human capital can be acquired in otber 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.

In some applications, it is assumed that H and L arz perfect substitutes and can
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



measured in common units. What constitutes an appropriate degree of aggregation always
depends on the uses to which 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 iepnt 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 understznding research, 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 correcr. It is not realistic to claim that two high school graduates
have the same combined output in research as one ... ividual with 12 years of schooling
beyond high school, L-ut 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
experience. (See for example Gollop and Jorgenson, 1980, or the discussion in Waldorf et
al, 1986.) However, it is a more limited notion than that used in theoretical modeis of
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 mecsures must be bounded in a stationary population. In the
steady state considered for the mode! 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 Jeaths will just balance increments due to training by the
young. Aggregate human capital 1emains constant. Human capital measured in this way
clearly cannot capture the accumulation of knowledge noted in the intreductior.

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 accurnulated indefinitely on a per capita basis. Examples of
disembodied knowledge include scientific laws, principles of mechauical, 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 contributions 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 curnulative investment in
the production of disembodied knowledge. This process of measuring inputs intc 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 grarted. 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 oxn 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 ex