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YAIR MUNDLAK!

Agricultural Growth and World Developments

INTRODUCTION

To deal with the determinants of agricultural growth within the framework of
world development subject to a budget constraint of 12 pages (albeit single
space) is like organizing a twelve day world tour. Hopefully, aside from
recovering from the flights, we will have an opportunity to appreciate some of
the main monuments. Much of the landscape was visited by others before. A list
of all visitors wili leave no space for discussion. Is it thus prudent to use our own
guide book to the subject and advise the reader to place his or her collected
impressions in an appropriate perspective.

It is useful to set up a point of departure. Ignoring some technical details,
neoclassical growth theory, as formulated by Solow, tell us that an economy
producing an aggregate output with labour and capital using a constant returns
to scale concave production function with constant technology converges to a
dynamic equilibrium where output and capi 11 grow at the same rate as popula-
tion. This implies constant output per caput or simply stagnation. Thus, the key
to growth is a change of technology. _

In what follows we distinguish between available technology and imple-
mented technology. At the cost of some oversimplification, it is asserted that the
available technology conistitutes amajor constraint to the developed economies,
whereas developing countries are unable to fully utilize the available technology
because of existing constraints of which the most important are capital and not
fully adjusted factor markets. The latter is particularly important in the discus-
sion of agriculture-non agriculture growth. Developing economies can grow
without a change in the available technology through intersectoral factor
mobility and capital accumulation. This can produce considerable growth in the
intermediate term, which is the relevant time horizon for our discussion.

The foregoing comment emphasizes the supply side. In neoclassical aggre-
gate growth, the dexnand side plays only a secondary role, since behaviour affects
only the level of income and not its rate of growth. When dealing with a sectoral
economy, the demand plays an important role in that it constitutes a constraint
toagricultural growth. It is very clear that the growth of output cannot exceed the
growth of demand. This is the first gsint of our tour to which we now tumn.
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DEMAND CONSTRAINT

Changes in supply which are unmatched by changes in demand cause variations
in price. Hence, a compact and efficient way to start the discussion of world
agricultural growth is to observe the long-term trends in agricultural prices.
Table 1 presents data on the average annual percentage change in the prices of
some primary agricultural products defiated by US wholesale prices. Two things
immediately emerge. First, a deterioration at an average annual rate of 0.5-0.7
per cent in the relative prices of agriculture. This implies a deterioration by a
factor of one half over the period 1900-83. Sc..ond, the degree of fit of the trend
regressions, as measured by R?, is relatively low. This reflects wide annual
variations in supply and demand conditions over this period covering two world
wars, energy crises and other shocks. As such, the trend is a poos predictor for
short-term price variations. Yet, considering the length of the period, these
numbers are suggestive as to the long-term trend.

Over this period world population increased by a factor of 3, from 1.6 in 1900
tonearly 5 billions in 1984.2 Add to this the increase in income per caput and we
obtain an increase in food demand by a factor of 4 or more. The decline in world
prices indicates that production increased more than demand. Since the supply
function is positively sloped, it is clear, as it is well known, that there were some
big changes in supply that made it profitable to expand production in spite of the
decline in the relative price. Taking such a long-term view, changes in supply
make it possible to identify empirically the demand function. That is, the
deterioration in prices implies that the growth i supply could only be absorbed
at some price decline. In tum, the decline in price had a depressing effect on the
growth of output. This immplies that the demand has acted as one of the
determinants of the agricultural growth.

TABLE 1. Time trend of agricultural prices deflated by US wholesale prices
1900-83

Coefficient R?
(per cent per annum)

Sugar -0.7 3.7 0.14
Wheat -0.7 (1.2) 0.39
Maize -0.6 (5.1) 0.31
Rice -0.6 (5.5) 027
Cotton -0.5 5.4) 0.26
Woo! -0.1 (8.9) 0.49
Note: The coefficients are obtained fror: 'he.scmiloga:ilhmic regression: In P, = a+bl. The

slope, b, representing the rate of growth, is multiplied by 100 16'be expressed in per
cent. The numbers in parentheses are the ratios of the cocfficients to their standard
errors (t-ratios).

Source: Binswanger 1 al. (1985).
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TABLE 2: Rates of growth (per cesit per annum), 1965--84

GPD Agri. Popula- Percaput Perczput  Agriculturc

Output tion GDP Agri. GDF
) Q) )] C) ) (6)
Low Income 5.5 33 23 3.15 1.0 0.32
China & India 6.0 3.55 2.15 3.80 14 0.36
Others 36 245 2.65 0.95 -0.2 0.00
Middle Income 59 315 2.45 345 0.7 020
Oil exporting 6.2 3.20 2.95 3.55 0.55 0.15
Oil imponing 5.7 3.05 2.30 340 0.75 022
Lower Middle 55 3.00 2.50 3.00 0.5 0.17
Upper Middle 6.1 3.25 2.35 3.75 1.9 0.24
Industrial Markets 3.6 1.45 0.85 270 0.6 0.22
World 49 1.80 1.16 2.83 0.63 0.22
Notes: Last line is a weighted average for the world. The weights are the shares of the three

groups in GDP in 1984. Thesc values in billions of dollars and the weights, in
parenthcses, are; Low income economics, 621 (0.058), Middle income economics.
1485 (0.142) and industrial Market economies (0.80)

Source: Columns (1) - (3) arc taken from the World Development Report 1986. Tace source
report date for the subperiods 1965-73 and 1973-84. These were averaged in Table 2.
Column(4) = (1) less (3), Column (5) = (2) less (3), Column (6) = entries in (5) divided
by respective entries in (4).

The effect of demand on growth isrelated to Engel’s law the empirical validity
of which is well established (Cf. Houthakker, 1957). Consequently, for prices to
remain constari, agiicultural output per caput should grow at a slower rate than
that of total output. Table 2 summarizes pertinent information on rates of growth
for the period 1965-84 provided in the World Development Report 1986. The
data are reported by low income economies (LIE), middle income economies
(MIE) and industrial market economies (IME). It is seen that agricultural output
per caput grew at a much smaller rate than GDP. This is also the case for
subgroups of the LIE and MIE. Aggregating over the three subgroups, with GDP
weights it is obtained that the ratio of the two rates of growth for the world is
approximately 0.22. This value is so small, that total growth (rather than growth
per caput) in agriculture was only 0.47 of total growth in GDP for the world. This
ratio of 0.22 is not quite an implicit income elasticity for a variety of obvious
reasons. Still, to make all the necessary refinements would not change the picture
that faster growth in agriculture is concomitant with a faster growth in non
agriculture. This is simply the reflection of consumers preference and nothing
else.

THE RELEVANCE OF WORLD PRICES

A question often asked is What is the relevance of world prices for domestic
prices? After all, the domestic prices of a traded commodity reflect government
interventions through tariffs, taxes, subsidies, or in brief, commercial policy. In
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addition, variations in the nominal exchange rates affe ct domestic prices without
corresponding changes in world prices. This is a legitimate question and I know
of no way of answering it except by consulting the data.

The point of departu ¢ for the empirical anaiysis is the law of one price,
relating the domestic price (P) to world price (P*), P= P*TE, where T=(l + 6)
-epresents the commercial policy and E is the nominal exchange rate. Obviously,
as amatter of definition, varying Tand E *viii cause variations in P, for any given
level of P*. This implies intercountry variations in P. ilowever, the question
raised above is somewhat different. Do changes in P* generate changes in P?
Obviously, if changes in P* do not generate changes in Tand E, thenitis expected
that P will vary proportionally to P*. Thus, our attention is shifted to relative
changes in prices. Using lower case letters for logarithms, the identity is p= p*
+e + 1. To the extent that t and e are independent of world prices, a regression
of p on p* would have a coefficient of 1. On the other hand, if countries follow
apolicy of completely isolating the domestic prices from world prices, a strong
negative correlation between p* and t will drive the coefficient toward zero. In
a recent study such regressions were obtained for 58 countries for the period
1968-78.7 For each country, the observations were annual prices of individual
commodities. The number of commodities varied around 50. The regression
coefficients varied between 0.72 and 1.21 with a median value of 0.945. This
result indicates very clearly that domestic prices vary with world prices and, as
such, world prices are indeed relevant.

The relationship between a domestic and a world price is more immediate,
and more obvious, when the product is actually traded. However, the relation is
expected to exist also for producis which are not traded. In principle, all
agricultural products are tradables, and if they are not traded, it is because the
domestic price lies inthe interval formed by export and import prices of the given
product, where the width of the interval reflects the cost of transportation,
broadly interpreted. Variations in world prices may convert a product not traded
to be traded, or vice versa.

On the other hand, the effect of the price of the traded products on those of a
non traded product is indirect, through the factor prices. Anip .ease inthe price
of cereals increases the prices of inputs in agriculture, and p-:ticularly the price
of specific inputs such as land quality. The empirical relatiorsiiips may therefore
be somewhat more intricate than those suggested by Samuelson’s factor price
equalization. This however does not alter in a substantive way the basic
underlying premise that the prices of the main primary products do affect the
prices of the remaining products.

This is the mechanism through which the world market affects the individual
economies. Thus, even though agriculture produces a traded product, to under-
stand the long-term developments, it is useful to refer to the world as a unit of
analysis, and for this purpose the relevant framework is thatof a closed economy.
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INTERSECTORAL ALLOCATION OF INPUTS

Introduction

The foregoing evidence indicates a considerable growth of agriculture in spite of
a decline in its relative price. This immediately raises the question of how
relevant, if at all, are prices in affecting growth. This is not a trivial question,
neither from the point of view of the analysis (theory and measurement) nor for
its implication for drawing policy conclusions. More importantly, it is related to
a major link between the country and world economies. The echo that local
events (such as development for a new productive variety, drought, energy
crises) generate around the world, is reflected in world prices. The effect of such
developments depends on the degree of transmission of world prices to the
countries and on the supply response.

It is much easier to analyse supply response with respect to agricultural
growth (or more generally sectoral growth) than with respect to overall growth.
Itisonly natural to do the easy things firstand therefore we will turn our attention
to agriculture, thereby also building a base for reflecting on overall growth,
Prices affect sectoral growth by affecting intersectoral resource allocation,
overall employment and technology. Overall employment will be largely ne-
glected here.

Labour

It is well known that the share of agrirnlture in the total labour force declines
along the growth path. As a reminder of orders of magnitude, the percentage
averages for the period 1968-78 were 2.5 for the UK, 3.1 for the US, 72.5 for
India and 88.2 for Malawi. To get atime dimension, the farm labour force in the
US was 9.1 million in 1939, constituting 20.3 per cent of the total labour force.
It was 3.2 méllion in 1987, constituting 2.8 per cent of the total labour force.
Simple arithmetic will tell us that the rate of decline in the shas of agriculture
in the labonr force is equal to the off-farm migration as a proportion of the
agricultural labour force. The mean off -farm migration rate for the US in the
period 1939-87 was 3 per cent.

The choice of occupation is a decision made by the individual in which he
takes into account the income differences of the various alternatives. This is
where the profitavilivy of agriculture comes in. Other things being equal, the
lower the price of the agricultural product, the larger is the income differential
between agriculture and non agriculture.

To be more precisc and closer to reality, it is cler that other elements enter
in the decision on occupational choice such as ti:= cost of changing occupation
(cost of migration), the prices of consumption goods, the stability of income and
alike. Lzt the vectors of such determinants be denoted as a and n for agriculture
and noa agriculture respectively. Denote the indirect utilities for this individual
by Via) and V(n) for agricultural and non agricultural occupations rzspectively.
The choice can then be described by the function h(a,n) defined as:
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+ 1
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Thus, h(an) takes on a value of 1 when the indirect utility in non agriculture
exceeds thatin agriculture and zero otherwise. Consequemly.the rate of off-farm
migration is negatively related to the relative price of agriculture. Summing
h(a,n) over all individuals and dividing by the agrlcultural labour force gives the
mlgrauon rate as a function of the intersectoral income differential, as well as
other variables.

Thisapproach was formulated for anempirical analysis of off-farm migration
and was applied to cross country data as well as to time series for Argentina,
Chile, Japan and USA.* In all these studies, the intersectoral income differential
has a positive effect on the migration rate.

The agricullural labour force in any year can be vrritten as L (t) = L (t-])
(l+g-m) where g is the rate of natural growth in the labour tuire and m is the
migration rate. Since m is a function of the expected intersectoral income
differential as evaluated at time (t-1), it is clear that the agricultural labour force
in any year t depends, among other things, on the history of the expected
intersectoral income differentials. Under this formulation, a more favourable
history of terms of trade for agriculture would result in a larger agricuitural
labour force.

When labour moves from low to higher wage occupation, it has a positive
effect on total output. In this sense, the long-term reduction cf the farm labour
force has contributed 1o growth. However, 1.ote that this is so only if labour finds
employment in non agriculture and this is not always the case. As is wellknown,
off-farm migration takes place even when unemployment exists in non agricul-
ture. This, as explained by Todaro, is a response to expected income when
expected income is a product of the wage and the probability of finding
employment. Thus, off-farm migration which contributes to unemployment in
the cities does not contribute to income but rather subtracts from it. The damage
is probably larger if the negative externalities in the big cities on which the
migrants converge is taken into account.

Before leaving this subject, it is appropriate to ask the question why the
agricultural wage is persistently lower than that in non agriculture over a very
long period of time. Part of the difference can be accounted for in terms of
variations in human capital. Sectoral wages are averages of wages in various
activities requiring different levels of human capital. Aside frcm this, it is the
cost of migration that prevents perfect mobility that would have caused the wage
differential 1o close instantaneously. A inore explicit formulation of optimiza-
tion over the lifetime brings forth the importance of the agz factor. It is rational
for the younger to migrate and for the older to stay in agriculture. Consequently,
demography is driving migration even under constant factor prices. This
sometimes gives the wrong notion that the labour supply from agriculture (or the
traditional sector) to non agriculture (the modem sector) is perfectly elastic. A
long literature, initiated by Arthur Lewis, was developed to rationalize such
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labour supply and to implement it in growth theory. The difficulty with this
literature is not with its spirit but in that it applics a static framework to explain
adynamic phenomenon. There is noneed to invent artificially shaped production
or utility functions. Our standard conceptual framework is fully adequate. This
framework, as well as the zmpirical evidence guoted above, indicates that the rate
of intersectoral allocation is price responsive. As population grows, every year
brings new cohorts who can improve their position by migration.

Capital

The intersectoral allocation of capital is done large!ly through gross investment.
Commonsense, as well as theory, tells us that such allocation is determined by
the difference in intersectoral expected rates of return, as weil as by other
variables. The larger is the rate of return in agriculture relative to non agriculture,
the larger will be the share of agriculture in total investment.

The time path of the sectoral capital st¢.2K is, as a matter of definition: k,(t+l)
=K@ -d’) + I,(t) where I,(t) and dJ are the gross investment at time t and the rate
of dcpreciation respectively. Sectoral investment is related to total investment.
The share of the sector in :oial investment is related to the expected intersectoral
differential returns, as weli as other variables. Such a function can be formulated
for empirical analysis. Studies for Argentina, Chile, USA and Japan show a
definite positive relztionship between the share of agriculture in total investment

TABLE 3: Share of agriculture in GDP (m) and labour force () (per cent)

Share in Average
GDP(n)  Labour (A) Annual iate
1965 1985 1965 1980 of change
A A
» i A al
Low income 41 32 77 72 -1.31 -048 -0.83
China & India 41 31 77 72
Others 41 36 79 71
Middle income 20 14 56 43 -1.90 -190 0
Lower Middle Income 29 22 65 55 -1.46 -1.20 -0.26
Upper Middie Income 15 10 45 29 -2.16 =320 1.04
Developing economies 29 20 70 62 -1.97 -270 +0.73
Oil exponers 22 17 61 49 -1.37 -1.58  +0.2i
Exporters of manufacturing 34 21 1) 66 -2.57 -0.52 +205
Highly Indebted 18 15 51 40 -0.96 ~-1.75  +0.79
Sub-Sahara Africa 39 M4 79 75 -0.72 -0.37 -0.35
Industrial Marker 5 3 14 7 ~2.73 -5.08 +2.35

Source: World Bank, World Development Report 1987.
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and the rate of return in agriculture relaiive to non agriculture’ Hence, the
sectoral decomposition of the capital stock is affected by the history of the
expected sectoral rates of return.

Obviously, the rate of return to capital in agriculture is positively related to
the price of agriculture relative to non agriculture. Note however that the rate of
return is also determined by the level of technology, a concept discussed below.
Hence, itis quite possible to observe declining agricultural prices, an increase in
the expected rate of return and, therefore, an increase in the agricultural capital
stock.

Although capital plays a key role in the growth process, data on the sectoral
composition as well as on the level of capital are not part of the standard
international statistics and are therefore more difficult to come by for the purpose
of cross country comparisons. This also makes it difficult to compute the rates
of return in agriculture. Some indirect observations can be made using national
accounts. It can be shown thatnt =06, S, A + ¢, (1-S,) p where n, A and p are
the shares of agriculture in total ourput the labour force and the capital stock
respectively whereas G, and o, are the ratios of the agricultural wage and the rate
of return to the respective values for the economy as a whole, A = L /L,
p=K/Kao, =W/W, o =r/S§ =WL/PY. By definition, p/A =k /k where
k =K/L. Thus, k /k is positively related to7t/A, a ratio that can be computed from
available data. Table 3 reports summary results for and A taken from the WDR
1987. It is seen that for all reported groups, both shares decline with time. For
LIE, lower MIE and Sub Sahara Africa, the decline of the share of agriculture in
total output was stronger than that of its share in the labour force. This can be
caused by a decline in the capital labour ratio in agriculture relative to that of the
economy as a whole. That is, for the low income countries, agriculture might
have become more labour intensive. The reverse is observed for the richer
countries, and specifically, the ratio of k /k increases most rapidly for the
industrial economies and the developing countries which are classified as
exporters of manufacturing,

Inspection: of data for 33 countries on the share of agriculture in total
investment (not shown here) reveals no strong trend in this share. For some
countries, the share shows a positive trend. For instance, in India the ratio
increased from about 13 per cent in the early 1960s to a level of 20 per cent at
the end of the late 1970s. But note that even the latterratio is considerably lower
than the relative share of agriculture in output or the labour force. This is the case
for most countries. It thus appears thsi where the capital labour ratio in
agriculture increased relative to non agrir uiture, it was largely done through the
decline in the agricultural labo''r force.

The changes in factor intensity havr: two important implications which are
related to two measures of factor intensity. The two measures become identical
only when factor prices are identical across sectors. The physical measure
compares the capital labour ratios in the two sectors. It is relevant for our
discussion below on technology, as wcll as for deriving the effect of capital
accumulation on factor prices. The cost i.tensity measure is related to the sharc
of labour in the total cost. A sector is cost-'abour intensive if the share of labour
in the unit cost is larger than in the other sector. This measure is relevant for
deriving the effect of factor prices on product prices. For instance, if wages
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increase less than the return to capital, the relative price of the labour intensive
sectordeclines. Oralternatively, if the relative price of the labour intensive sector
declines, that will have a depressing effect on wages relative to the return on
capital,

Is agriculture labour intensive? From the above discussion and from Table 3
it appears so, in that its share in the labour force is considerably larger than its
share in total output. Our discussion indicates that this difference might be
declining as capital accumulates. Will there be areversibility of factor intensity?
Calculations done for the US indicate that there was a reversibility in the factor
intensity of agriculture with respect to non agriculture around 1965 and that the
capital labour ratio in agriculture grew considerably faster than in non agricul-
ture.’ In some countries, like Argentina, agriculture has always been more capital
intensive,

Technology

A major difficulty in fully understanding the generation of techrical change
stems from the fact that technology is an abstract concept. The evidence on it is
largely circumstantial.

Traditionally, technology is characterized by a production function. But the
production function is a micro concept. There is no unique production function
for agriculture; there is more than one for each crop. Recognizing thatat any time
the economy employs many techniques, each identified with a production
function we can define technology as the collection of all techniques. Only a
subset of such techniques is implemented at any cne time. The collection of all
implemented techniques is the implemented technology. Our empirical observa-
tions on outputs and inputs are limited to the implemented technology.’

The choice of the implemented technology from the available technology is
aneconomic decision. This decision is taken simultaneously with the decision o
the level of inputs to be allocated to the various techniques. The analytic
similarity to the familiar linear programming should help in clarifying this
approach. The only deviation here is that our techniques are represented by
concave production functions. With this analogy, it is clear that the solution for
the implemented technology deper.ds on the prices of the inputs and outputs in
question and on the constraints faced by firms, an important one of which is
capital. By capital we mean resources diverted from present consumption in
order to generate larger consumption in the future. By definition, resources are
limited to the economy as a whole and therefore to firms. When dealing with the
industry, prices are replaced by product demand and factor supply functions.

As amatter of observation, technical change on the whole tends to be labour
saving or czpital using, in the sense that techniques are more capital intensive at
the going factor prices. As such, the pace of their implementation depends on the
rate of capital accumulation. For instance, if high yielding varieties in dry or
semi-dry areas require irrigation, the expansion of output in that area can be
expanded by expanding the irrigated area.

Some of the constraints to growth can be removed by farmers, but others are
exogenous to farmers. To continue the example above, if there is no water in the
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region, the farmer is unable to adopt the new variety even if he is able to invest
inanirrigation systemon his own farm. In this case, if there is a water source that
can be developed and the water can be brought to the farm, a new set of
opportunities will be opened up to the farmer. To generalize, investments in
water, in roads, in communication, or generally in infrastructure open up new
opportunities for the farmers.

The discussion can now be extended to cover human capital the importance
of which was initially brought out by T.W. Schuitz. It is human because it is
largely embedded in people, but not exclusively so as knowledge accumulated
in the form of books, journals and manuals is also classified in this category. It
is capital because it requires resources (time, tuition fees) to acquire. Investing
in himself opens up new opportunities to the individual and facilitates increasing
his productivity. Such an increase in productivity is carried out largely by
shifting to activities which utilize education. A person with a degree in physics
does not mix cement by hand faster than the uneducated. He contributes to
productivity by engaging in more productive activities or techniques. The level
of such accumulation depends on the amount of time invested in learning, on the
quality of the training or schools and on the opportunities for using human
capital. The quality of local schools is not independent of the scientific and
educational infrastructure of the country. Basic scientific knowledge is available
to everyone in the form of journals, books and manuals. The translation of this
to productivity is the stage that requires resources, part of which are public,
These are determinants of the implemented technology.

The role of public investment in applied research, where the general knowl-
edge is converted to technology, is particularly important in agriculture where
itisdifficult to maintain property rights of innovations and where the innovations
have a wide use and thereby generate a considerable amount of consumer
surplus. The value of such investment is well brought forth in the survey by
Evenson on the returns to agricultural research.

With a concave production function, capital accumulation causes a decline in
the rate of return and an increase in the wage rate. A point is ultimately reached
where the rate of return does not justify new investment. This is a characteriza-
tion of the steady state solution. The situation is completely different under the
technology described above. Capital accumulation, human or physical, leads to
an implementation of more capital intensive techniques under constant wage
rental ratio. Thus, the economy can expand without causing a decline in the rate
of return, if it expands in the direction of the capital intensive techniques.

All this is conditional on the existence of untapped available technology
which is more capital intensive than the utilized one. At this point it is important
to emphasize that the capital intensity may refer to human capital or physical
capital or both. Thus, in terms of human capital, cr more generally knowledge,
what is required here is to have new techniques which are more knowledge
intensive and which dominate the existing ones. Essentially, we talk of twokinds
of knowledge. First is the knowledge required to generate the new techniques
and second the knowledge necessary toimplement them. These twoactivities are
greatly separated. The latter is the knowledge individuals acquire to increase
their productivity. Each individual selects his optimal level. But productivity
dependsnotonly on the level of schooling but also on its content. If aperson plans
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to leave agriculture, he will not benefit from learning to operate a milking
machine. Instead he is expected to train himself in a direction useful in his new
occupation. The idea is that as the technology changes, the content of the
investment in human capital changes accordingly.

Analytically, a very similar process takes place in the generation of new
knowiedge. Itis built onthe basis of the existing knowledge. Given the time spent
on research and development, society moves in the direction of generating the
analogous of new techniques. Thess may be new concepts in science or
technology. As long as this is possible, a continuous stream of technical change
can be generated that rescues the economy from being locked at a stagnant
equilibrium.

The emphasis on progressively more capital intensive technology serves two
related purposes. First, this facilitates explaining the increase in capital labour
ratios without a corresponding decline in the rate of return. Second, it shows in
which sense the technology is endogenous. The production function associated
with each technique is concave and therefore is subject to decreasing marginal
returns to capital as the capital-labour ratio increases. Thus, entrepreneurs who
constitute the demand for new technology would search for new techniques
which are more capital intensive than the ones already employed and thereby
protect the returns on their investment. Suppliers of new techniques try to meet
this demand. The behaviour of the public sector is not very different when it
computes ihe cost-benefit ratios to alternative potential investments. It looks for
investments in projects, or we say techniques, with the highest rate of return.

The foregoing discussion does not preclude innovations which are factor
neutral or even labour intensive. Since the common knowledge generated in the
process has many applications, it may facilitate changes which are not capital
intensive and which pay high returns. This is permitted. The essence of the
argument is that these are exceptions and not the rule itself. The endogeneity
requires development of techniques which use more intensively the factor which
grows fastest and saving the factor which grows at a slower pace, or remains
constant, and therefore becomes scarcer in a relative sense. This cxplains also
why technical change in agriculture is on the whole land saving, in the sense that
under constant prices the ratio of the aggregate input used per unit of land
increases.

The role of prices in the choice of techniques is largely through their effect on
the expected rates of return. Higher sectoral prices for agriculture are expected
to increase its share in total investment and thereby facilitate the transfer to mere
productive techniques.

POLICY IMPLICATIONS

The prominence given here to capital accumulation naturally raises the question:
why notincrease the country’s investment in infrastructure, physical and human,
and thereby increase production? Well, by definition, resources are scarce and
a policy designed to mobilize resources should indicate not only where these
resources are to be used but also where they should come from. This calls for an
economic evaluation of the productivity of scarce resources in alternative uses.



42 Yair Mundlak

It is particularly important when resources are to be mobilized by taxing the
productive sector of the economy, such as agricultu.e. Taxing agriculture in
orderto finance developmentis notanew concept but that by itself does not make
it attractive. This idea is based on the following premises: (i) that investment in
agriculture infrastructure produces high returns; (ii) that taxing agriculture will
not affect agricultural output; (iii) that there are no better sources of financing
such investment.

The first premise is well supported empirically, as the survey by Evenson
shows. The scope of investment in infrastructure is broader in that it also covers
physical forms of infrastructure such as irrigations, roads and communications.
Their importance is well supported empirically.?

The second premise is ill founded. Indeed, the existence of aggregate supply
response is not easily apparent. This subject is surve yed elsewhere and we do not
have the time to go into it here.? Suffice it to say that if the analysis is properly
done, prices do matter. To negate this assertion is to say that either individuals
do not respond to opportunities or that opportunities do not exist. Obviously, the
first possibility is ruled out, not only on general grounds, (the alternative would
make economics obsolete) but more specifically by the cumulative empirical
evidence on intersectoral resource flow in response to income differentials. The
second possibility takes an unnecessary pessimistic view of the world. Agricul-
ture has undergone a very impressive evolution, or revolution — depending on
one’s temperament. That has opened up opportunities to increase resource use
in agriculture, including farmers’ and their childrens’ time in building their
specific human capital necessary to increase production. Such investment, like
other forms of investment, increases with the expected retuns. Decreasing the
expected returns will be self defeating. Such arguments, though based on simple
and well accepted principles, might seem too abstract and too detached. It is
therefore important to note that they are substantiated by empirical analysis. The
paper by Domingo Cavallo on Argentina shows very clearly how taxing agricul-
ture, directly or indirectly through macro and trade policies, affected negatively
Argentinian agriculture. Similar results are obtained for Chile. The importance
of suchstudies isnotonly in theirresults butalso in that they state, very explicitly,
the structure and method of analysis as well as provide the data. This facilitates
a careful examination of the results as well as testing competing hypotheses. It
is through such a process of confronting our assertions with the actual experience
that we can perhaps reach a better understanding and, one might hope, agree-
ment, on the scope and cost of policies.

Finally, it is hard to believe that there are no other sources of financing this
needed expansion in infrastructure. The question is whether or not they are
politically feasible. It secems that the debate should concentrate on the issue of
efficient expenditure of public funds.

To sum up this discussion of the obvious, there is no short cut in a way of
massive programmes to revolutionize development in or out of agriculture in the
shortrun. Itis this realistic view of the feasible set of policies which suggests that
we turn our attention to eliminate, raiher than increase, distortions caused by
policies. Elimination of distortion will increase output and will facilitate more
investment and further growth in the intermediate run by moving from a low
income to a higher income growth path. Such a strategy definitely affects the
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time path of income per caput. The growth theorist may question whether this
also affects the asymptotic rate of growth. When this question is raised in the
literature, it is aimed at the equilibrium or a steady state rate of growth. This
criterion is not the relevant one for economies which are far from fully exploiting
the technology available to them because of their capital constraint. Thus, for any
relevant time horizon that we think of, such economies can move to higher and
higher levels of technologies through their capital accumulation.

NOTES

'The Hebrew University of Jerusalem. University of Chicago and Intemational Food Policy
Research Institute.

*Rand McNally Co., The World Almanac and Book of Facts (1988) p. 522, and CIA Dircclorate
of Intelligence, Handbook of Economic Statistics (1987) p. 22.

Preliminary results are reported in Mundlak (1988¢).

“Cross country: Mundlak (1979), Kislev and Siegel. Country: Mundlak and Strauss, Cavallo and
Mundlak, Mundlak, Cavallo and Domenech, Cocymans and Mundlak, Barkley.

*Mundlak and Strauss, Cavallo and Mundlak, Mundlak, Cavallo and Domenech, Cocymans and
Mundlak, Barkley.

‘Barkley, op. cit.

"For more details on the approach and its implications see Mundlak (1988a, b).

Cf. Antle, Binswanger et al.

*See Mundlak (1985).

REFERENCES

Antle, J. M. 1983, ‘Infrastructure and Agricultural Productivity: Intemational Evidence’, Economic
Development and Culture Change, 31, 609-20.

Barklcy, A. P. 1988, ‘The Determinants of off-farm Migration and Agricultural Investment in the
United States: 1940 10 1985°, University of Chicago, a PHD dissertation.

Binswanger, H., Mundlak, Y., Yang, M. C. and Bowers, A. 1985 ‘Estimates of aggregate
agricultural supply response from lime scrics of cross country data', EPDCS working paper no.
1985-3 The World Bank, Washington, DC.

Binswanger, H., Mundlak, Y., Yang, M. C. and Bowers, A. 1987, ‘On the Determinants of Cross-
country Aggregate Agriculture Supply’, Journal of Economerrics, 36, 111-31.

Cavallo, D., 1988, *Agriculture and Economic Growth. The Expericnce of Argentina 1913-84",
Paper presented at the 20th Conference of Agricultural Economists, Buenos Aires.

Cavallo, D. and Mundlak, Y., 1982, Agricultural and Economic Growth ir an Open Economy: The
Case of Argentina, IFPR, Washington, DC.

Cocymans, J. E. and Mundlak. Y., *Agriculiural and Sectoral Growth: Chile 1962-82", presented
at the Intemational Food Policy Rescarch Institute Workshop on *Trade and Macroeconomic
Policies' Impact on Agricultural Growth’, Annapolis, May 1987 (forthcoming in a Proccedings
Volume).

Evenson, R. E., 1988, *Human Capital and Agricultural Productivity Change’ presented at the 20th
Conference of Agricultural Economists, Buenos Aires.

Houthakker, H. S., 1957, *‘An Intemational Comparison of Houschold Expenditure Pattemns -
Commemorating the Cenlenary of Engel's Law,’ Economerrica, 25, 532-51.

Kislev, Y. and Sicgel, P., 1987, * An Intercountry Analysis of Employment and Retumns to Labor in
Agriculture’, TheWorld Bank, Report No. DRD230, Washington, DC.,

Mundlak, Y. 1979, Intersectoral Factor Mobility and Agricultural Growth. Intemational Food
Policy Research Institute, Waslington, DC.

Mundlak, Y. 1985, *The Aggregate Agriculiure Supply’, Rehovot, The Center of Agricultural
Economic Research working paper No. 8511,



44 Yair Mundlak

Mundlak, Y. 1988a, *Capital Accumulation, The Choice of Techniques anc Agricultural Qutput’, in
Agriculture Price Policy for Developing Countries, edited by ). W. Mellorand R. Ahmed, Johns
Hopkins University Press, Baltimore.

Mundlak, Y. 1988b, ‘Endogenous Technology and the Measurement of Productivity,' in Agricul-
tural Productivity: Measurement and Explanation, edited by S. M. Capalbo and J M. Antle.
Resources for the Future, Washington, DC.

Mundlak, Y. 1988¢, *On the Relevance of World Agricultural Prices’, presented at the Agriculturi!
Economics Workshop, Univerity of Chicago.

Mundlak, Y., Cavallo, D. and Domenech, R., 1988, * Agriculture and Economic Growth, Argentina
1913-84°, IFPRI, Washington, D. C. and IEERAL, Cordoba, (Mimcograph).

Mundlak, Y. and Suauss, J., 1979, ‘Occupational Migration out of Agriculture in Japan® in
Mundlak, 1979, op. cit.

Schultz, T. W., 1980, Jiivesting in People, University of Califomia Press.

Todaro, M. P., 1969, ‘A Model of Urban Migration and Urban Unemployment in Less Developed
Countries’, American Economic Review, 59, 138-48.

DISCUSSION OPENING — DANIEL SUMNER

Professor Mundlak has performed a useful service in summarizing some key
features of the facts and economic reasoning on agricultural growth. 1 urge
agricultural economists to examine the cited literature in the paper. These
comments of mine can be used to clarify and re-emphasize a few significant
points and to provide some caution with respect to policy implications.

Intersectoral allocation

Obviously relative output prices affect the allocation of resources across sectors
and across nations. In particu'ar, prices relevant to investment (and hence
growth) are those that decision makers expect to prevail over the relevant
economic horizon. There is no way to avoid p:ice expectations as a driving force
and these are affected, to a large degree, by governments.

The capital and labour resources discussed by Professor Mundlak are defined
very broadly. Human capital, research and agricultural extension and related
investments are all sensitive to the incentives he discussed. Further, in some
economies, such as Japan, the intersectoral allocation of land from farming to
other activities may contribute to economic progress. Severely distorted product
markets and land transfer restrictions seern to have led to a large over-allocation
of land to farming.

Part-time farming may be singled out explicitly for its importance to intersec-
toral allocation in most developed and many less developed economies. Multiple
job holding among farm families contribuies to the flexibility in responding to
incentives to shift resources between occupations and industries. Furthermore,
there is evidence that human capital acquired in farming does pay off in terms
of higher wages for individuals who also then work in non-farm jobs (Sumner
and Frazao, forthcoming).

Technology

Mundlak 4lso uses the term ‘technology’ very broadly. We must be careful not
to think that economic growth in agriculture is mainly determined by some
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narrow measure of the sophistication of the equipment, purchased supplies or
other inputs that are used by farmers. Any innovations that lead to the more
profitable use of existing resources can contribute to growth. Such inravations
may be in marketing or management or even government regulations. Building
a modern factory or planting a new variety of rice may indeed lead to growth.
However, many other little-noticed innovations in the way farmers operate their
business may contribute more. Allowing appropriate incentives to be felt and
encouraging the appropriate knowledge-base allows innovation, in many forms,
to expand.

Policy

An emphasis on technology may seem to suggest an engineering approach to
economic policy. It has been tempting for governments to become heavily
involved in attempting to plan and manage the direction of economic innovation.
Such an approach often fails because a government has neither the specific
knowledge nor the incentives to control the important investments that must and
will occur in a multitude of tiny steps. Government management also leads to
political control of investment and may be more likely to contribute to growth in
the power of politicians than growth of the economy (Council of Economic
Advisers, 1988).

The active role of government, then, remains the funding of public goods for
which no private incentives are sufficient. A more important role may be the
consistent and secure definition and enforcement of property rights so that
individuals will perceive incentives to innovate.

Inthe short term, of course, governments can contribute to higher incomes by
reducing distortions and barriers to innovation. Policies such as international
trade restrictions channel resources into less productive uses and also channel
innovations into activities and industries of lower long-term return. Relaxing
controls can lead to an early economic expansion and to long-term growth,

Innovations often require investment, so expected government policy is a
crucial factor. If little confidence can be placed in what policies are likely this
may dampen incentive to invest in any sector. This sort of policy risk may be a
much more severe drag on agricultural innovation than the vagaries of weather.
Farmers and markets are well equipped to deal with fluctuations caused by
natural phenomena; but futures markets and diversification cando little to protect
against major changes in policies. One significant benefit of reducing the active
role of government policies and programmes in innovation is reducing the
fluctuation of policies (Rausser, 1988).

Professor Mundlak has focused our attention on major features of the
economics of agricultural growth. There are both economic research and
economic policy implications of his review and other papers in this conference
help to develop these thernes quite effectively.
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