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ABSTRACT

Ramalho de Castro, José Prazeres. Ph.D., Purdue Uni-
versity, May 1974, AN ECONOMIC MODEL FOR ESTABLISHING
PRIORITIES FOR AGRICULTURAL RESEARCH AND A TEST FOR THE
BRAZILIAN ECONOMY. Major Professor: G. Edward Schuh.

The potential contribution of technical change to agri-
cultural development has been recognized for some time now:
However, it has only recently been fully appreciated that
technical change can take alternative routes in its resource-
saving effects, and that the particular route that {t takes
1s conditioned by relative factor scarcities.

Increasing attention is being given to the problem of
the management of research resources, and to the {importance
of allocating such resources according to criteria or some
sense of priority. More particularly, policy-makers in Bra-
211 have been giving moré attention to agricultural research
and to the importance of a sense of priorities in carrying
out such researcﬁ. Therefore, the search for criteria by
means of which scarce research resources might be allocated
should assist policy-makers as well as research managers.

The spec1f1c.objectdves of the present study were- to:
(1) develop an analytical f}amework which provides a basis for
establishing agricultural research priorities, (2) derelop

empirical models which contain the relevant parameters .and
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which can be estimated from available data, or for which-
parameters can be taken from other sources, (3) estimate the
appropriate parameters, determine changing resource scarci-
ties, and evaluate recené technical change in Brazil, (4)
draw implications and make recommendations for the alloca-
tion of research resources in Brazil,

The analytical framework is based on the concepts of
consumers' and producers' surplus, on the theory of the
functional distribution of income, and on a two-sector gen-
eral equilibrium model. The surplus concepts provide a
means of evaluating the extent to which a gain from a tech-
nological change is divided among consumers and producers,
The neoclassic theory of the functional distribution of in-
come is extended to allow an analysis for four factors of
production. This is done by using a two-level production
function. The two-sector general equilibrium model was
developed in order to permit an analysis of the adjustment
process in the factor market as well as the trends in factor
shares, given a technological change in one of the sectors.

To estimate the consumers' and producers' as well as.
total gain the empirical model developed contains the price
elasticities of demand and supply and a supply shifter ds
the basic parameters. Estimates of the elasticities were taken
from secondary sources, while the shift in the supply func-

tion was arbitrarily set at 10 percent.
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The relevant parameters for ana]yzing changes in the
functional distribution of income are ;he price elasticity
of demand and the elasticities of substitution. The latter
was estimated through the reduced form of a two-level CES
production function. Two sets of datalﬁere used.for this
purpose, one consisting of cross-sectional data and the
other consisting of time series data.

The estimation with the time series data suggests a
turning point in technology in the 1960's. The trend in the
rental price of land relative to the pricé of~labor suggests
that land has become scarce relative to labor.

Six crops were selected for analysis -- cotton, sugar-
cane, corn, rice, edible beans, and manioc (cassava). They
accounﬁed for 46 percent of total output from crops;and 74
percent of the total area in crops in the period-1966/1970.
Cotton and sugar-cane have been -exported consistently, corn
and ricé occasionally. Edible beans have been produced ex-
clusively for the domestic market, while manioc in recent
years appears to have a potential foreign demand.

The esfimation of consumers' and producers' surpluses
indicates that the consumers benefit more relative to the
producers when the price elasticity of demand is low and the
péice supp]y elasticity is high, and vice-versa. The total
gain increases as both elasticities increase.

The policy implications of the empirical findings have
'to be derived in terms of the goals established by the . |
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policy-makers., By way of an example, if products with a Jow
price elasticity of demand, such as corn and rice, are
chosen to receive the bulk of research, the findings suggest
the highest gross flow of benefits among any combination of
two of the crops selected. On the other hand, the consumers
will benefit more relative to the producers 1f research is
directed to these products, technical change will have a
regressive effect on labor income,and a reallocation of labor
from the agricultural sector to the non-agricultural sector
will be expected.

More extensive policy recommendations are made in the

text, with the recommendatfon based on alternative sets of

policy goals.



CHAPTER I
INTRODUCTION

Determining the sources of economic growth continues
to be an important economic problem. Technical progress has
been recognized as one of the important sources of economic
growth because of the increases in efficiency or productiv-
ity of conventional resources that is associated with it.
Herrl/. for example, has pointed out that between 1930 and
1960 about 85 percent of the increase in labor productivity
in United States agriculture was due to technical change,
while 15 percent resulted from capital deepening in the
conventional sense.g/ Hayami and Ruttanz/, on the other
hand, have recently focused attention on the disequilibrium
which exists in world agriculture. They explain 55 percent
of the productivity gap between developad countries and
less-developed countries by differences in technology and

human capital.

l/Herr. W.McD., "Technological Change in the Agriculture of
%QEGUn1ted States and Australia," J.F.E. 48(2):264-271, May

g/Technical change in 1ts broadest sense also represents cap-
ital deepening, but in many respects 1in the form of human.
capital., Herr's reference to capital deeping §s in the
traditional sense of physical capital.

§/Hayam1. Y. and V. Ruttan, Agricultural Development: -An
%%;?rnational Perspective, Maryland, Johns Hopkins Press,




The relative importance of agricultura in most low-
fncome countries and/or regions is apparent, since from 50
to 80 percent of the labor force in those countries is en-
gaged in agricultural activities and from 40 to 60 percent
of the GNP comes from this sector. This suggests that agri-
culture can, or 1n.many cases will have to be, a major source
" of the resources for the expansion of the non-farm sector
of the economy. Improvements in the productivity of agri-
cultural resources will enable agriculture to contribute
to the economic development of the country and/or to the
development of regions within a country. Hayami and Ruttanl/.
in their recent important contribution to the agricultural
development literature, had as their central proposition
"that an efficient economic development strategy, particular-
ly during the early stages of economic growth, depends
critically on the achievement of rapid technical change,
leading to productivity growth in agriculture."

The Role of Technical Change in Agriculture
And Its Income Distribution Effects

Kaldorg/ has recently observed that "the demand for new

knowledge 1s derived from the contribution it is expected to

l Hayami, Y. and V. Rutten, op. cit., p. 2.

2/ Kaldor, Donald R., "Social Returns to Research and the
Objectives of Public Research," in Walter L. Fishel (ed.),
Resource Allocation in Agricultural Research, Minneapolis,
University of Minnesota Press, 1971. '




make to the achievement of individual and collective goals or
to the solution of private and public problems." If one ac-
cepts this proposition, new technology is treated as an input
in the development process, and not as an end in {itself.
Moreover, technology is seen to have an instrumental role in
attaining a larger set of goals and objectives.

One way to understand the importance of technical
change in agriculture as a basis for economic development is
to consider the role of agriculture in economic deve]opment.l/
It is generally recognized that agriculture has at least
five major roles to play in the course of economic develop-
ment: (1) to supply food for the total population; (2) to
supply capital to the economy, especially for expansion of
the nonfarm sector; (3) to supply labor for the expansion of
non-farm activities; (4) to supply exchange earnings in order
that inputs critical to the development process'can be pur-
chased from abroad; and (5) to provide a market for the pro-
ducts of the non-farm sector.g/ Technological change has
been recognized as a powerful means of strengthening agricul-

ture in regard to each of these factors.

l/One could speak of the zontribution of agriculture to econ-
omic development instead of its role. However, we prefer
to put the emphasis on the role of agriculture, following
Schuh, who has observed that "by referring to the role of
agriculture rather than its contributions we stress the in-
terrelation and interaction between the farm and non-farm
sectors, and perhaps avoid developing an agricultural fund-
amentalist syndrome." See, Schuh, G.E., Lecture Notes on
Agricultural Development, Department of Agricultural Econ-
omics, Purdue University, 1972 (mimeo).

g/For a more detailed discussion of these roles, see Schuh,
G.E., op. cit., Chapter II.




Technical progress in all its aspects is difficult to
define and to measure precisely, but {its essentfal quantita-
tive characteristic is to shift the production function
(embodying al1 previously known techniques), thereby enabling
greater output to be produced with the same volume of con-
ventional inputs, or the same output with fewer 1nputs.l/
Clearly, 1f all of the increase in agricultural output has
to come from increases in traditional inputs, 1.e., more
land and/or labor, it is unlikely that the agricultural sec-
tor could make a significant contribution to general economic
development. Moreover, it should be noted that there are
conflicts between some of the roles of agriculture as de-
scribed above. For example, if all of the agricultural sur-

2/ is siphoned off as capital for the nonfarm sector,

plus
there 1s not much potential left for agriculture as a market
for goods and services produced by the non-farm sector.
Hence, 1f the government uses some device to take away the
producer surplus from the agricultural sactor to expand the
nonfarm sector, there will be less income left in that sector

to buy goods and services from the nonagricultural sector.

l/Kennedy, Charles and A.P. Thirlwall, "Surveys in Applied
Economics: Technical Progress," The Economic Journal,
82(325): 11-72, March 1972.

g/An agricultural surplus is here defined in the Nicholl's
sense of the difference between agricultural output and
the consumption of the agricultural population. See
Nicholls, W.H., "An'Agricultural Surplus' as a Factor in
Economic Development,” Journal of Political Economy 71(1):
1-29, February 1963.




However, at a given point in time the critical contri-
butions which agriculture can make to the general develop-
ment of the economy can be identified. Four alternative
sets of goals may be specified for the agricultural sector
according to the stage of development of the economy, the
particular development model the government is implemement-
" ing, and the specific economic policies it uses to implement
this model. These sets of goals include: (1) to increase
the total net income of the agricultural sector, (2) to in-
crease employment and the income of labor employed in the
agricultural sector, (3) to increase consumer welfare by
-providing food at lower real prices, and (4) to maximize
the contribution of agriculture to the growth of the economy
as a whole.

To accomplish each of these goals requires different
kinds of technical change, which in turn have different in-
come distribution impacts. But Bonnenl/ has recently ob-
served that (unfortunately) we know very little about the
process by which technological change works its distribu-
tional effects, and seem to be greatly deficient in institu-

tional arrangements to contend with the problem.

l/Bonnen. James T., "The Absence of Knowledge of Distribu-
tional Impacts: An Obstacle to Effective Policy Analysis
and Decision," in Haveman, Robert H. and Julius Margolis
(Eds.) The Analysis and Evolution of Public Expend1%ures:
The PPB-System, Chicao, Markham Pub. Co., 1970,




Equity considerations arise when investments in research
and development are made, since they are believed to have a
great deal to do with the distribution of future economic
growth by geographic region, as well as the functional dis-
tribution of income within the society.l/ Historically,
market economies have tended to allow market forces to de-
termine the answers to the question of who will benefit from
a new idea or techno]ogy.g/ However, rising levels of con-
flict suggest that the distributional consequences of this
approach are less and less acceptable to society. And as
Mrs. Robinsongl has pointed out, some political element will
ultimately be added to the distribution of bargaining power.

The impact of factor reallocation due to technical
change on the distribution of income may be analyzed by
means of theory which explains the functional distribution
of income and the distribution of economic surplus among
consumers and producers. The theory which explains the
function distribution of income explains the distribution of
income among the factors of production and provides 1in-

ferences about changes to be expected in factor employment.

l-/Dedanvr,y has argued that the higher the rate of technical
change and the less developed the protective institutions
of a country the greater the socially undesirable external
effects of change and, in particular, the greater the po-
tential regressive income effects. See Dedanvry, Alain,
"Welfare Imglication of Alternative Technological Paths in
Agriculture," Ford Foundation Seminar of Progqram Advisors
in Agriculture, Mexico City, November 1972,

Z'-/An important exception arises when the government grants
patents and permits the licensing of franchises in order to
exploit particular technological innovations.

é/Robinson, Joan, "The Second Crisis of Economic Theory,"
AER 62(2): 1-10, May 1972, '



However, the final question that must be answered if
we are to have any hypothesis about how technology affects
the individual is how the functional distribution of income
is related to the size distribution of fncome. The size
distribution is mainly a function of the distribution of
productive assets (human and non-human capital) among the
population. Thus, with the evidence that the distribution
of ownership of land and capital is more unequal than that
of labor incomes, we can surmise that any change which 1is
detrimental to the share and employment of labor will make
the size distribution more unequal.

This suggests that the government of auy Tow income
country which is devising a development model and the speci-
fic economic policies to implement that model should be aware
that at the same time that it is investing in research and
development it should also be strengthening protective insti-
tutions in order to avoid the undesirable external effects
of technological change. To devise such policies requires
some knowledge of the expected consequences of technical
change. This in turn requires knowledge of the particular
direction which technical change is taking or is expecteﬁ to

take as development proceeds.



The Problem

The potential contribution of technical change to
agricultural development has been recognized for some time
now.l/ However, it has only recently been fully appreciated
that technical change can take alternative routes in its
resource-saving effects, and that the particular route that
it takes is conditioned by relative f;ctor scarcities.g/
This immediately implies the concept of an efficient path

for technical change, and suggests the importance of alloca-

ting scarce research resources in such a way as to direct

lfimportant contributions to the literature include Schultz,
Theodore ¥., The Economic Organization of Agriculture
(New York: McGraw-Hi11, 1953), especially Chapter 7;
Ruttan, Vernon W., "The Contributicn of Technological
Progress to Farm Qutput: 1950-75," Review of Economics
and Statistics 38(1):61-69, February 1956; Griliches, Zvi,
"The Sources of Measured Productivity Growth: United
States Agriculture, 1940-50," Journal of Political Economy,
71(4):331-346, August 1963; Griliches, Zvi, "Research Ex-
penditures, Education, and the Aggregate Agricultural
Production Function," American Economic Review 54(6): 961-
974, December 1964; Schultz, Theodore ¥., Transforming
Traditional Agriculture (New Haven: Yale University Press,
1964); and Hayami, Yujiro and Veron W. Ruttan; Agricul-
tural Development: An International Perspective EBaiti-
more: The Johns Hopkins Press, 1971).

g/Hicks. J.R., of course, was one of the first economists to
examine this issue in some detail. (See The Theory of Wages
(London: Macmillan and Co., Ltd., 1964)(originally pub-
lished in 1932). Hicks cast his analysis at the firm level,
However, Hayami and Ruttan have recently reactivated the
Hicksian notion and applied it at the macro level to the
agricultural sector. See Hayami, Yujiro and Veron W. Ruttan,
%2. cit.. Other important contributions to the theory of

nduced technical change include Ahmad, S., "On the Theory

of induced Invention," Economic Journal, 76(302): 344-357,
June 1966; Kennedy, C., "Induced Bias in Innovation and the
Theory of Distribution," Economic Journal, 74(295):541-547,




technical change along such an economically efficient path.l/
Although the notion of an efficient path for technical
change (in the resource dimension) can serve as an important
basis for allocating research resources, it a]ong is not
sufficient. As noted above, technical change has important
income distribution consequences. For one thing, the ex-
- tent to which its benefits redound to the consumer or to the
producer depends importantly on the conditions of demand

and supply for the product.g/ In addition, the extent to

g/(continued) September 1964; Samuelson, Paul A., "A Theory
of Induced Innovation Along Kennedy-Weisacker Lines,"
Review of Economics and Statistics, 47(4):343-356, Novem-
ber 1965; Fellner, William, “Two Propositions in the Theory
of Induced Innovation," Economic Journal, 71(282);305-308,
June 1961; and deJanvry, Alain, "A Socioeconomic Model of
Induced Innovation," The Quarterly Journal of Economics,
87(30:410-435, August 1973.

l/Hayami and Ruttan put it quite succinctly in the following
statements: "We identify the capacity to develop tech-
nology consistent with envircnmental and economic condi-
tions as the single most important variable which explains
the growth of agricultural productivity of nations." (pxiii)
"Successful achievement of continued productivity growth
over time involves a dynamic process of adjustment to
original resource endowments and to resource accumulation
during the process of historical development." (p 4) "“A
continuous sequence of technical and institutional innova-
tions to create and evolve a pattern of agricul tural pro-
duction consistent with changes in product demand and fac-
tor supply conditions can sharply reduce the cost of in-
creased income streams generated by the agricultural sec-
tor." (p. 302). See Hayami and Ruttan, op. cit.

g/For a recent attempt to understand who the beneficiaries
of a successful agricultural research effort were, see
Ayer, Harry W. and G. Edward Schuh, "Social Rates of Re-
turn and Other Aspects of Agricultural Research: The Case
of Cotton Research in Sao Paulo, Brazil," American Journal
of Agricultural Economics, 54(4):557-569, November 1972.
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which the benefits that do redound to the producer are distri-
buted among particular factors of production will depend on
both the "direction" which the technical change 1s taking (in
the resource-resource dimension) and the conditions of demand
and supply in the individual factor markets.l/

The problem to which the present study 1s addressed 1is
the development and testing of a model which would provide a
basis for establishing priorities for agricultural research.

If such a model can be developed and successfully implemented,

it will provide a basis for making more efficient use of scarce

research resources, and in turn enable the resulting technical
change to make a larger contribution to agricul tural and
economic development,

Importance of the Problem

Increasing attention 1s being given to the problem of
management of research resources, and to the importance of
allocating such resources according to specififed criteria or

to some sense of priority.gl This increasing concern is

l/See Ayer and Schuh, op. cit., for example.

g-/For an important recent contribution, see Fishel, Walter
L. (ed.), Resource Allocation in Agricultural Research
(Minneapolis: University of Minnesota Press, 1971). (This
source contains references to much of the relevant litera-
ture.) Hayami and Ruttan note that "The body of knowledge
relating to the organization and management of agricultural
research is, if anything, even weaker than the tody of re-
search results available to agricultural producers in the
less developed countries." Hayami and Ruttan, op. cit., p.
289.) In addition to the Fishel reference, cited above,
other useful sources include Blase, M.G.(ed.) Institutions
in Agricultural Development (Ames: lIowa State Univ. Press,
1971); Moseman, A.H.{ed.) Agricultural Services for the De-

veloping Nations (Washington: American Association for the
Advancement of Science, Publication No. 76, 1964); and
Moseman, A.H., Building Agricultural Research Systems in the

Developing Nations (New York: Agricultural Development Coune-
C » nC.. .



11

probably in part a result of the growing recognition that

the research activity is indeed an economic activity to be
organized. But in addition, it probably reflects as well the
growing consensus that technical change is a key element or
input in the development process and that resources for this
_purpose are scarce.

The problem takes on particular importance in Brazil,
the country to which the proposed model is immediately
directed, and from which data will be drawn to test and
implement it. Brazil is a country that -- 1ike many other
low-income countries -- has probably under-invested in
agricultural research. As a result the growth of its agri-
cultural sector has largely been based on the incorporation
of additional conventional inputs such as land and labor
into the production proce;s.l/

One consequence of following the particular develop-
ment model that Brazil has pursued is that resource produc-
tivity in the agricultural sector is low by international
standards. This causes factor returns to be low, with the
result that the bulk of poverty in the Brazilian economy is

concentrated in the agricultural sectors.g/

l/For an anlysis of the post-World War II development of the
Brazilian agricultural sector, see Schuh, G. Edward, The
Agricultural Development of Brazil (New York: Praeger
Publishers, 19/0).

Q/See Fishlow, Albert, "Brazilian Size Distribution of In-
come," American Economic Review 62(2):391-402 May 1972,
and Langoni, Carlos G., Distribuicao da Renda e Desenvolvi-
mento Economico do Brasil (Rio de Janeiro: Editora Expressao
e Cultura, 1973).
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However, Brazil appears to be changing the development
model for its agricultural sector.l/ The rapid economic
development of the general economy in the last six years,
combined with a sizable step-wise devaluation which brought
the exchange rate closer to equilibrium, has caused the
demand for agricultural output to increase faster than supply
- has been able to increase by conventional means.g/ The re-
sult is a shift in the intersectoral terms of trade in favor
of agriculture (Table 1), and a growing fear that agriculture
might become a "brake" on continued rapid economic develop-
ment.

The recognition of this problem has caused policy makers
to give increased attention to agricultural research. One
aspect of this policy shift was to negotiate a loan from the
United States government in the amount of approximately $12

l/It should be noted that development policy has not been
univariant in any case. The state of Sao Paulo in Brazil
has historically invested rather heavily in agricultural
research and extension, with the result that it has develop-
ed a reasonably modern agricultural sector. For data on
this important agricultural state, see Institute of Agri-
cultural Economics, The Development of Paulista Agricul-
ture (Sao Paulo: Secretariat of Agriculture, 19/3). For
an attempt to understand why it was that the state of Sao
Paulo invested relatively heavily in agricultural research
and extension, while these investments were neglected in
the rest of Brazil, see Schuh, G. Edward, "The Moderniza-
tion of Brazilian Agriculture," Department of Agricultural
Economics, Purdue University, 1973 (mimeographed).

g-/For' an analysis which suggests that continued rapid econo-
mic growth in Brazil is 1ikely to impose unusual demands
on the agricultural sector, see Schuh, G. Edward, O Poten-
tial Para Crescimento da Agricultura Brasileria: ATqumas
ATternatives e Suas Consequencias (Brasilia: EAPA/SUPLAN,
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Table 1. Indices of Real Wholesale Agricultural Prices and
the Ratio of Agricultural to Industrial Prices,
'Bra21{{ 19§Q/{972'(19§5[1961 = }QO)..

Year Index of Real Wholsale Ratio of Agricultural
LT Agricultural Prices ...to Industrial Prices
1960 107 106
1961 105 - 100
1962 | 1m 110
1963 105 100
1964 110 108
1965 . 99 96
1966 102 103
1967 99 102
1968 94 91
1969 98 92
1970, 101 102
1971 105 109
1972 110 114

Source: Fundacao Getulio Vargos, Conjuntura Econonica,
27(12): 2-3, December, 1973.
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million to strengthen its Federal agricultural research
system.l/ A second aspect was the complete reorganization
of the Federal research service, with the creation of a pub-
1ic company, EMBRAPA,Q/ which has considerable administra-
tive autonomy and flexibility, and an edict from policy-
makers to get on with the job at hand. And finally, increased
resources have been allocated to agricultural research from
domestic sources, and an attempt is being made to recruit
additional resources for research support from international
funding agencies such as the International Bank for Recon-
struction and Development.

0f special importance in the context of the present
study is the sense of priority and the search for criteria
by means of which the scarce research resources might be
allocated. EMBRAPA has had a strong planning emphasis from
its very beginning, and one of its first activities in

"staffing up" was to bring in a small group of economists to

g/(cont'.inued) Ministerio de Agricultura, 1973). (Also
available in English as "The Growth Potential of Brazilian
Agriculture: Some Alternatives and Their Consequences,"
Depa;tment of Agricultural Economics, Purdue University,
1973).

1/In using these loan funds the first serfous attempt to
establish research priorities for agriculture was made.
However, the criteria were based for the most part on a
consideration of product market considerations.

g-/Empresa Brasileira de Pesquisa Agropecuaria (Brazilfan
Company of Agricultural Research?
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d. the analysis which might lead to a more eff1c1en§ use
of resources. This suggests that research which might throw
11ight on research priorities and indicate the resource-sa;1ng
direction which technical change should take might have a

ready acceptance.

Objectives and Proée&ufe;

The general objective of the study is to develop and
apply empirically a model that can serve as a basis for es-
tablishing priorities for agricultural research., This gen-
eral objective will be attained by means of the following
specific objectives:

1. To develop an analytical framework which provides

a basis for establishing agricultural research
priorities.

2. To develop empirical models which contain the rele-
vant parameters and which can be estimated from
available data, or for which parameters can be
taken from other sources.

3. To estimate the appropriate parameters, determine
changing resource scarcities, and determine the na-
ture of recent technical change in Brazil,.

4, To draw implications and make recommendations for
the allocation of agricultural research resources
in Brazil, with the goal of contributing to the
derivation of an appropriate technology pol1cy for

the agricultural sector.
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The analytical framework {is derived for the most part
from neoclassical economic theory. However, it draws
heavily on recent models of induced technical change, especi-

1/ and deJanvryg/, on concepts of

ally as evolved by Ahmad
producer and consumer surplus, and on income distribution
theory. The analysis of the income distribution problem is
also cast in a general equilibrium framework.

The bulk of the estimation work reported here has to
do with a two-stage, separable production function. This
particular specification permits the elasticity of substi-
tution to vary among input categories -- a characteristic
which 1s important for the particular model of induced tech-
nical change that {is used as a basis for the analysis,

The underlying production function is estimated with
both cross-sectional and time-series data. The cross-
sectional data are taken from the 7-state survey that was
made by the Fundacao Getulio Vargas in 1962-63.3/ The time

serfes data are drawn from regular official sources in Bra-

z11., Data sources for purposes other than the estimation

1/see Anmad, op. cit.
2/ see dedanvry, Alain, op. cit.
Q/The data tape containing this survey data has been

graciously provided to the Department of Agricultural
Economics, Purdue University by the Fundacao.



17

of the production function are also drawn from regular govern-

ment organizations.

Review of Literature

Attempts to come to grips in a systematic way with the
problem of establishing research priorities have been fairly
. limited, and for the most part are of fairly recent vintage.
An important point of departure in the recent literatdre was
the Minnesota Symposium, which brought together specialfists
with rather widely different perspectives and experiences
to discuss problems of resource allocation in research and
the various kinds of "planning" models that might be used to
esfab]ish research priorities.l/ Tweeten, who was a par-
ticipant in that conference, noted that ?;F is ironic and a
1ittle perplexing that while we continue to search for the
science of economics, we now are called to search for the
economics of science. Our analytical tools are primarily
intended for problems of allocation and growth where a pric-
ing system operates."g/ This statement implies that an

analytical framework for the evaluation of research priorities

l/The papers from the Minnesota Symposium are reported in

Fishel, Walter L. (ed.), Resource Allocation in Agricultur-
al Research (Minneapolis: University of Minnesota Press,
T977). This collection is highly recommended as a starting
point for the interested reader. It contains empirical and
analytical papers which examine the economic aspects of re-
search, methodological papers which examine how the priority
question might be analyzed, and descriptions of decision-
making in practice as well as various decision-making ex-
periments.

g-/Tweet:en, Luther G., "The Search for a Theory and Methodol-
ogy of Research Resource Allocation," in Walter L. Fishel
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must be so devised that price signals are not the only basis
for guidance.

Schuhl/ wrote with the benefit of the Minnesota
Symposoum as a background, and attempted to make a comprehen-
sive analysis of the research priority question. He took
the broad socfal goals of growth, equity, and security as
starting points and attempted to arrive at operational sets
of goals in terms of which individual research projects could
be evaluated. The growth goal was analyzed through a con-
sideration of the product market, the factor markets, and
factor-product interactions. An analysis of the equity goal
was made by discussing four important issues: (1) the dis-
tribution of the benefits of technical change between the
producer and consumer; (2) the functional distribution of
income among the factors of production; (3) the distribution
of the.benefits among various size groups of farms; and (4)
the impact on the regional distribution of income within the
country. Finally, security was discussed in terms of the re-
duction in risk and uncertainty,

The benefits to society from research have generally
been assumed implicitly. However, many observers argue that

the nature of these benefits has not been made sufficienf1y

g/(continued) (ed.), Resource Allocation in Agricultural
Research (Minneapolis: University of Minnesota Press, 1971),

p. 25.

l/Schuh. G. Edward, "Some Economic Considerations for Estab-
1ishing Priorities in Agricultural Research," Ford Founda-
tion Seminar of Program Advisors in Agriculture, Mexico
City, November 19/2.
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explicit. Tichenor and Ruttanl/, for example, argue that
popular support for agricultural research cannot be expected
to continue on the basis of the old "theology of science.”
They point out two reasons for the need to ratfonalize what
they call the science of tomorrow. First, public and pr{vate
decision-makers need relevant, meaningful cost indicators
_for research that promises to help attain certain specifi-
able ends. Second, not all research leads to socfally desir-
able outcomes.

Ayerg/ reviewed the literature on the cost, returns,
and rate of return to investment in agricultural research and
found that there were three basic frameworks of analysis.

One approach was to utilize an aggregate production function
in which expenditures on research, or on research plus edu-
cation and extension, are included explicitly in the input
set. The second approach was to assume that the aggregate
supply function for the product in question 1is shifted down-
ward in proportion to the change in productivity arising

from agricultural research on that product. And finally,

l'/Tichenow, Phi11ip Y. and Vernon W. Ruttan, "Problems and
Issues in Resource Allocation for Agricultural Research,”
in Walter L. Fishel (ed,), Resource Allocation in Agri-
cultural Research, op. cit., pp. 3-22.

g/Ayer. Harry W., "The Cost, Returns, and Effects of Agri-
cultural Research in a Developing Country: The Case of
Cotton Seed Research in Sao Paulo, Brazil," Unpublished
Ph.D. thesis, Purdue University, 1970. :
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regression analysis has been used to determine the rela-
tionship between research and education in the agricultural
sector and the "residual" or unexplained agricultural out-
put. Ayer used the second approach in his research, but then
went on to evaluate who the beneficiaries of technical change
were.l/

The fact that the return to research has been found to
be high in previous studies does not preclude consideration
of the allocation of research resources among alternatives.
Schultzg/ analyzed the problem of the non-profit allocation
of research resources by casting the problem in a framework
of the supply and demand of technology. He stressed the
importance of consumers' surplus, which was omitted in his
analysis by virtue of the lack of information, and stated:
"Economic theory is not lacking, but empirical analysis is
wanted,"

Shumwayéf has recently made a selective survey of

methodological developments for the selection of research

l/For a report of these findings see Ayer, Harry W. and
G. Edward Schuh, "Social Rates of Return and Other Aspects
of Agricultural Research: The Case of Cotton Research in
Sao Paulo, Brazil," AJAE, 54(4): 557-569, November 1972,

g-/Schultz, T.W., "The Allocation of Resources to Research,"
in Walter L. Fishel (ed.), Resource Allocation in Agri-
cultural Research, op. cit., pp. 90-120.

é-/Shumwa,y. C. Richard, "Allocation of Scarce Resources to
Agricultural Research: Review of Methodology," AJAE,

55(4): 557-566, November 1973, ,
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projects and resource allocation. What hg describes for the
most part are ranking and optimization methods. However, he
stated that no optimization models have yet been developed
for the allocation of agricultural research resources.

Finally, two additional references are important, not
so much because of their relation to the present study, but
because they fllustrate other classes of approaches to hand-
1ing the decisions associated with agricultural research.
Havlicek and Seagravesl/ elaborated a model by means of
which they could evaluate the cost of not having greater
precision in fertilizer research, The basis of their analysis
was a response equation, and their goal was to provide
decision-makers with guides as to the value of certain types
of knowledge. They extended the model in order to compute
the value of more precise estimates of single factors that
affect production such as prices, weather, and the production
function. However, they recognized that to estimate gains
from research to farmers and society the elasticity of de-
mand should be taken into account.

Anderson and D1110n2/ worked along somewhat similar

lines, and also at the micro level. They developed a model

l/Hachek. Jr., Joseph and James A. Seagraves, "The 'Cost
of the Wrong Decision' as a Guide in Production Research,"
JFE 44(1): 157-168, February 1962.

g/Anderson, J.R. and John L. Dillon, “Economic Considera-
tions in Response Research," AJAE 50(1): 130-142, February

T0nco



22

to evaluate investments in response research by using
eséentia]]y a Bayesian decision model. The analysis was con-
ducted in a framework in which the knowledge of a process is
viewed in terms of the expected value and the variance of
profits.,

The above review of literature is by no means exhaus-
tive. However, it does draw out some of the major premises
on which the present study is predicated, and thereby shows
how the research reported herein is related to the ideas of
previous author's in the field. The conceptual model of
the present study is an attempt to delineate the economic
factors that might be considered in establishing research
priorities, given that with the existing state of knowledge
it is not likely that a formal decision model could be ef-
fectively implemented, especially at the macro level. This
model streses the gross flow of benefits from technical
change, while at the same time recognizing the importance of
knowing more about the role of factor endowments and other
economic considerations in determining the kind of technical
change that a society should foment, And the importance of
considering income distribution consequences when establish-
ing research priorities. The empirical results which are
reported attempt to respond to earlier appeals for more
empirical work, and are evaluated in such a way as to recog-
nize the importance of particular goals or sets of goals that

policy-makers may have.
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Organization of the Remainder of the Thesis

Chapter Il contains an analytical framework that will
serve as the basfs for the empirical work and the economic
analysis which is to follow. In Chapter 111 empirical models
are specified which provide the means by which data can be
brought to bear on the problem. The empirical results are
reported in Chapter IV, and the economic and policy implica-
tions of these results are discussed in Chapter V. Chapter
VI contains a sumhary. a review of principal conclusions,
and suggestions for future research. Supplemental material
and the basic data used for the empirical work are presented

in Appendices..
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CHAPTER 11
ANALYTICAL FRAMEWORK

The primary goal of this chapter is to specify an
analytical framework for the present study. It is divided
into five parts. The first part contains the basic defini-
tions that will be used throughout the study. These include
the concepts of mechanical and biological and chemical inno-
vations, Hick's concept of neutral technical change, and the
concept of factor biases. The second, third, and fourth
parts, which are cast in a partial equilibrium framework,
contain most of the basic theory. The second part presents
a model of induced technical change, defines the basic
variables, and analyzes the way they interact to define the
socially optimum technological path. The third section
presents an analysis of factors determining how the benefits
of technical change will be divided among consumers and pro-
ducers, given the product market conditions, and is based
on the concepts of consumers' and producers' surplus. In
the fourth section the focus 1s on the benefits accruing to
agriculture, and the functional distribution of income as
well as the expected changes in employment will be analyzed
by use of the neoclassical theory of technical change ‘and

distribution. 1In the fifth and final section a two-sector
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general equilibrium model is specified to provide an analyti-
cal framework for considering the linkages between the farm
and nonfarm sectors.

In the interest of brevity only the basic elements of
the theory will be presented here. Derivations and support-

ing material are presented in the Appendices.

Some Definitions

Definitions of Technologies

Headyl/ has distinguished between "mechanical" and
"biological" technical advancements. The former is consid-
ered to be primarily labor-saving (cost-reducing), with a
negligible output-increasiﬁg effect, while the latter is
basfcally yield-increasing and land-saving. Hayami and
Ruttang/ have also distinguished between "mechanical” .and
"biological and chemical" technologies. The former {includes
such innovations as tractors, harvesters, and water pumps,
while the latter includes hybrid seeds and other improved
plant materials, new breeds of cattle, and fertilizers, in-
secticides, and pesticides. Although they stress that not
all "mechanical” innovations are motivated by incentives to

save labor, nor all "biological and chemical" innovations

l/Heady. Ear] 0;. "Basic Economic and Welfare Aspects of
sgzg Technological Advance,” J.F.E. 31(2): 293-316, May

g’Hayami and Ruttan, op. cit., pp. 43-53.
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are necessarily motiva;ed by incentives to save land, they
note that, whatever the motivations, the historical experi-
ence is that mechanization has displaced ]abor.without sig-
nificant impact on yields and that biological innovations
have had a land-saving impact.

Recently, De Janvryl/ classified technologies into
- four categories: mechanical, biological, chemical, and
agronomic. These technologies can be characterized in terms
of their impacts on the marginal rates of technical substi-
tution between capital, labor, and management, and on yield
levels. The first three are consistent with earlier defini-
tions, while an agronomic technology refers to cultural
practices such as plant spacing and systems of tillage.

De Janvry (following Seckler)g/ made a distinction be-
tween “on line" management and "staff" management. The form-
er consists of the actual direction of farm activities, while
the latter deals with decision-making.gs a choice of ac-
tivities and of techniques such as 1nve§tment decisions,
financial and fiscal administration, and éémmercia] activi-

ties.

l/De Janvry, Alain, "A Socioeconomic Model of Induced Innova-

tions for Argentine Agricultural Development," guarterlx
Journal of Economics, 87(3): 410-435, August 1973.

g-/Seck]e\". D., "Reflections on Management, Scale and Mechani-
zation of Agriculture," Proceedings of the Western Agri-
cultural Economics Association (Tucson, Arizona, July
1970).
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Mechanical innovations raise the productivity of labor
mainly through permitting increases in land per worker. By
reducing labor costs, they also will reduce bn-11ne manage-
ment requirements., Staff management requirements may in-
crease somewhat as the firm becomes more capftal intensive.

Biological innovations, according to De Janvry, are
fairly neutral with respect to labor and management require-
ments. They are slightly capital-using and moderately
yield-increasing when used outside of complete packages 6f
techniques.

Chemical innovations aim at increasing yield. They
are fundamentally land-saving in permitting the substitution
of capital and labor for land. But they are capital- and
labor-deepening, however, since they require both more on-
1ine and staff management per unit of land.

Finally, agroncmic innovations are labor and on-line
management-using and land-saving. Like chemicals, they are
strongly yield-increasing.

Packages of biological, chemical, and agronomic tech-
nologies combine the factor biases of their components and
tend to be labor- and on-1ine management-using and very
strongly yield-increasing. On the other hand, mechanical
innovations are labor- and on-line management-saving and

staff management-using.
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Definition of Hicks' Neutrality and Biasesl/
Assuming only two factors of production, the neo-
classfical theory of production says that the marginal rate
of technical substitution is equal to the ratio of the margin-
al physical products of the two factors which, in equilibrium,
is equal 1in turn to their price ratio. Let us assume a pro-

duction function which 1s continuous and twice differentiable:
Y = F(K, L)

where Y 1s output, K is capical, and L represents labor.
The marginal rate of technical substitution is defined

as:

| dK = -

where FL and FK represent the first order partial deriva-
tives with respect to labor and capital, respectively- PL
and PK are the prices of labor and capital,

The technical progress is neutral if the ratio of mar-
ginal physical products remain unchanged as the technology
ts introduced. If the marginal physfcal product of labor
increases relative to the marginal physical product of capi-

tal (f.e., the MRTS increases), it ifs a capital-saving

|
l/The Hicksian definftion of technological change wl]] be
used in this study. For a review of this approach see
Ferguson, C.E., The Neoclassical Theory of Production_and
Distribution. Cambridge, The University Press, 1?71ﬁ
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(1abor-using) technical change. It 1is labor-saving (capital-
using) if the marginal physical product of capital increases
relative to the marginal physical product of labor. (See
Figures 1 through 3, where I represents the unit isoquant.)
The above definition can be transformed into a defini-
tion in terms of factor shares at constant factor prices.
New production technology will be capital-using, neutral,
or lavor-using according as the relative share of capital
increases, remains unchanged, or declines as the technology
is 1ntroduced.' This definition generalizes easily to the
many-factor case, and will lead to a unique measure of the -
biases for each factor. If a definition in terms.of factor
ratios were used, on the other hand, it would be necessary
to consider n-1 factor ratios for each factor in order to
determine biases.

The rate of factor-1 bias fis measured aslfz

s j{-Saving
V1 = F% § 0 -+ Hicks {-Neutral
{-Using

where 1;1.2.....n, v ﬁeasures the bias given the relative
factor prices, Py fs the share of factor i, and P, = dP{/dt.

where t refers to time.

l/A dot over a variable denotes a rate of change in that
variable. [
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0 L
Figure 1. Representation of a Neutral Technological Change.
L
Figure 2. Representation of a Capital-Using (Labor-Saving)
Technological Change.
K
(£) "
[
|
0 L
Figure 3. Representation of a Labor-Using (Capita)-Saving)
Technological Change.
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One disadvantage of this approach, however, is that it
assumes the relative factor prices to be fixed. Therefore,
to estimate biases it is generally not possible to simply
look at historic changes in factor shares. The observed
changes in shares may have come about through biased tech-
nical change and/or through ordinary factor substitution
arising from changes in the prices of the factor. The basfic
problem, therefore, is to sort out to what extent the changes
in factor shares have been due to biased technical change
and to what extent to price changes. To do this the substi-
tution parameters of the production process have to be esti-
mated before any biases can be measured.

Another point to be noted is that if the elasticity
of substitution among factors is unity the factor share will

be constant over time.

A Model of Induced Technical Change

The basic idea of the induced innovation theory is that
innovatfons and their resource-saving directions are not de-
termined outside of the economic system, but depend on the
conditions prevailing within each economy. In the Hicks-
Ahmadl/ versions the innovation and its resource-saving -

direction depend on relative factor prices and/or their

l/Ahmad, Syed, "The Theory of Induced Invention,“ Economic
Journal, 76(302): 344-357, June 1966. |
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change over time, given the stock of knowledge. In the
1/

Kennedy-Samuelson=’' version the emphasis is placed on factor
shares,

Ahmad uses the concept of an historic Innovation Possi-
bility vurve (IPC). It is assumed that at a given time there
exists a set of potential production process which could be
developed. This set might be thought of as determined by
the state of the basic sciences. Each process in the set
is characterized by an isoquant. The IPC is the envelope
of all alternative isoquants representing a given output on
various production functions.

An important assumption of the Ahmad model is that the
cost and time required for moving from one {soquant to an-
other belonging to the IPC of the same period is equal to
that required for moving to the IPC of the next period,
which is assumed to be nearer to the origin than the IPC of
the current period. Another important assumption is that
the IPC is not the result of any economic choice. Rather,
it is a purely technological or laboratory question.

Figure 4, taken from Ahmad's paper, illustrates the
model. " For time t the process It has been developed. The
IPC corresponding to it is IPCt. Given the relative factor
prices of the line Ptpt’ the process It is the cost minimiz-

ing one.

l/Samue]son, P.A., " Theory of Induced Innovation Along
Kennedy-Weisacker Lines," Review of Ec. Stat., 47(4): .
343-356, November 1965; and Rejoinder, Review of Ec.-Stat.,
48(4): 444-448, November 1966.




Figure 4.

CAPITAL

Ahmad's Induced Innovation Hypothesis.
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Once It 1s developed the remainder of its IPC becomes
frrelevant because, for period t + 1, the IPC is assumed to
have shifted inwards to IPCt+]. If factor prices remafn the
same, entrepeneurs will develop the process It+1 for the next
perfod.,

If the IPC has shifted neutrally, the technical change
will be neutral. However, Ahmad recognizes that {t {s
possible that the IPC might shift non-neutrally, which would
result in biases even at constant factor prices.

If, on the other hand, factor prices change to Pt+lpt+1’
then it 1s no longer optimal to develop It+1’ but rather the
process corresponding to I£+] becomes optimal. In the figure,
Pt+lpt+1 corresponds to a rise in the relative price of labor.
It should be noted that even 1f the IPC has shifted neutral-
ly, I£+] will be relatively labor-saving in comparison to It
under these circumstances.

Ahmad's hypothesis was developed within the context of
a market-oriented production or research structure and at a
high level of aggregation, since the IPC includes the tota)
stock of scientific knowledge within the economy. Withi{n
this context it should be noted that his model does not con-
sider the possibility of spending resources to {nfluence the
shift of the IPC. Another point to be noted in Ahmad's mode)
{s that {t does not account for the determinants of the

neutrality and/or non-neutrality of the shift of the IPC.
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De Janvryl/ has extended Ahmad's model for purposes
of analyzing technological stagnation in the -agricultural
sector of Argentina. He explicitly introduces the product
market by defining the unit cost line as PtT + PxX = 1,
where Pt and Px are factor prices relat1§e to product prices
and T and X are input levels. By this means he can define
a range where a socially optimum equilibrium can be reached
according to the ratios between product and factor prices,
given conditions of perfect cﬁmpet1t1on. The equilibrium

point gives what De Janvry calls the ]atent demand for in-

novation. He then points out that market imperfections,
government interventions such as tariffs, and risk can shift
the latent demand for innovation away from the socifally
optimum path.

An important assumption of De Janvry's model fis the
costless generation of technological innovations. He notes,
however, that this assumption can be relaxed and {t assumed
instead that research costs are internalized in product
prices. In this case the optimum latent demand will shift
toward traditfonal technologies.

The Hayam{ and Ruttang/ model of {induced technica{

change 1s also developed at a lower level of aggregation

Vpe Janvry, op. ¢it., Section I,

Ruttan, op. cit., p. 57.
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than that used by Ahmad. Moreover, they hypothesfze that
the generatfon and adoption of technology in agriculture
comes about through dialetic interactions between entrepre-
neurs and the public researcn institutions. This hypothesis
is an extension of Ahmad's model, since the latter defines
the induced innovation in a pure market-oriented production
economy, while Hayami and Ruttan bring the public sector
into the model.

The concept of a metaproduction function, which is a
central element in the Hayam{ and Ruttan mode]l/, is similar
to the Innovation Possibility Curve of Ahmad. Hayami and
Ruttan characterize the metaproduction function as follows:

...we do not claim that the metproduction function

is inherent in nature or that it remains completely

stable over time. The metaproduction function may

shift with the accumulation of general scientific
knowledge. We do consider,however, that it is
operationally feasible to assume a reasonable de-

gree of stability for a technical "epoch," the time

range relevant for many empirical analyses. Shifts

in the metaproduction function are much slower than

adjustments along the surface, or to the surface from

below, of the metaproduction function.

The differentiating characteristic of the metaproduc-
tion function, therefore, is its stability, which means that
changes within a technical "epoch" will be along 1ts surface.
In contrast to this, Ahmad assumes that the IPC is shifting
constantly, and that the new equilibrium will occur on & new
surface. However, both models agree in assuming that the

shift {s exogenously determined.

l/Hayami and Ruttan, op. cit., Pp. 83-84;
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To summarize, Ahmad's model does not consider the
possibility of spending resources to influence the shift of
the IPC, nor does it define the determinants of the neutral-
ity or non-neutrality of the shift in this curve, nor does
it recognize that there may be an economic choice in the
definition of the IPC. With the analysis limited to a con-
‘ sideration of the agricultural {industry only, we, on the
other hand, will hypothesize that the neutrality of the
shift of the IPC occurs only by chance, that there exists
a process of resource expenditure to influence its shift,
and that there exists an economic choice in determining it.

Let's begin by redefining the IPC. We will call it
a "technical epoch innovation possibility curve“l/ (TEPC
for short). At a given technical epoch (time), assume 1n
the same way as above that there exists a set of potential
processes to be developed. This set might be thought of as
determined by the state of agricultural sciences plus the
state of other sciences relevant to the agricultural sector
at that time, given the economic conditions prevailing in

the agricultural sector during the "epoch."g/ Following

l/The "technical epoch" is being used here as defined by
Brown, Murray, On the Theory and Measurement of Technologi-
g:l Chqgge. London, Cambridge University Press, 1960,
apter 5.

g/The kayami and Ruttan findings are consistent with this
definition, since the knowledge about chemical and mechani-
cal innovations were known before they were adopted, but
were not relevant to the respective TEPC's of the U.S. and
Japan during certain technical epochs. See Hayami and
Ruttan’ 220 it.o. ]32']35.



the classification of technologies given in an ear11er‘part
of this chapter, and d;viding capftal according to whether
it 1s land-saving or labor-saving, an aggregate production
function can be specified for the agricultural sector in
separable form, where the degree of substitutability among

inputs is high within, but quite low between, subfunctions:l/
Y s F[f(LnKL)o g(ToKT)]

where Y {s the aggregate agricultural output, T and L are
land and labor inputs, respectively, KL is laboresque
capital (mechanical), and K+ is landesque capital (b101691ca1.
chemical and agronomic). '

Consider, now, Figure 5, where the axes measure the
composite factors of each subfunction; {.e., W represents
the factors L and KL and Z represents the inputs T and KT.g/
Assume that the unit cost l1ne§/ is AB, Furthermore, since
the substitutability between subfunction production func-
tions 1s postulated to be low, we can assume that once the

process {s defined on the TEPC it 1s in fixed proportion,

f.e., the elasticity of substitution is zero. Moreover, let

l/See De Janvry, op. cit., and Sato, K., "A Two-Level Constant-
Elasticity-of Substitution Production Functfon," Rev. Econ.
Stud. 34(2): 201-218, April 1967 for the derfivation of a
two stage production function.

E/More specifically, W =L + K_and Z = T + Ky.

é/The unit cost 1ine is P W + P,Z = P ; where P_ 1s the product
price, and P, and P, arl the fomposPte factorPprices of each
sub-function.,



Figure 5. Shift in the TEPC when AZT/OZT >7,
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us assume that the relative factor price is constant ngr

P
= oW ._y.

time. If we measure W in terms of Z, i.e., AZ TP
' Z

T
then three cases are possible

For time period t the process It i1s assumed to have been
developed, given the relative factor prices of the 1ine AB.
The question now 1s, "What would be the direction of tech-
nological innovation given that the relative prices of the
factor are not expected to change?" 1If AZT/OZT > 1, this
means a relative scarcity of the composite factors, W.
Therefore, it can be expected that resources will be allo-
cated to research and development in order to economize on
the composite factors, W, given the level of Z, and that as
a result there will be a biased shift in the factor ratfos
from (Z/W), to (Z/W),,. |

Contrary results would obtain {f AZT/OZT <1. If,
howeve}. AZT/OZT = 1, there will be no inctentive to change
the dirgction of technical change, and resources will be
allocated to increase the aggregate efficiency.of the econ-
omy. Therefore, it is expected that some scientists will be
working in both directions, and the group which is able to
producg the first results will determine the bfas. As a
result, only by chance will we have neutral change. This

will occur if both groups are able to produce results at
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the same timp‘ahd with proportional changes in the combina-
tion which give; the same factor proportions used in time t.
\ Tﬁe ﬁssyﬁption of an elasticity of substitution equal
.io zefo can be'relaxed. But by the definition of the sepa-
rable product%on function ‘it will have to be less than 1,
Therefore, the direction of bias will be the same as postu-
lated above. We can conclude, then, that resources will be
a]iocated to research in order to increase technical efficiency,
und the change expected will be neutral only by chance,

~ The a6a1yses for the subfunctions can be carried out
in the same way. The changes within a sub-function will de-
pend on the g1ast1c1ty of substitution, which is assumed to
be greatér than one, and the relative factor prices.

The above hypothesis. suggests that in a less-developed
country or region the TEPC will be based mostly on knowledge
from agricultural sciences in other countries and/or from
other regions, plus the "outside" knowledge from other sci-
ences relevant to the technical epoch. This would be the case
for Brazil in the aggregate, and especially for a region such
as‘the Northeast of Brazil, where only 1imited new prdduc-
tion technology has been developed for the majority of pro-
ducts: and the availability of new technofogy for some p}o-
ducts representé efther imported technology, or has been

strongly based on imported techno1ogy.l/

lfﬁatrick, in referring to the Northeast, has observed that
'some new varieties and practices have been developed, but
‘often they do not consider the production economic condi-
tions commonly prevailing in the region." This statement
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Given that the investment in research planned by the
government tends to be exogenously determined, it can be
directed to shift the TEPC in such a way as to be consistent
with the factor endowment of the country and/or region and
the product market conditions. The question then becomes
"What should be the planned bias in the shift of the TEPC
from the planned investment in research in order that the
technological path followed be an efficient one?"

Distribution of Benefits from Technical Change
Between Producers and Consumers

The previous section was concerned with the varfables
that are expected to induce the technical change and deter-
mine its resource-saving direction. Given that technical
change has occurred, another question arises: "Who, among
producers and consumers, will get the benefit of 1t?" The
concept of economic surplus is a useful tool to answer this
question.

Originally defined by DuPuit and brought into the cur-
rent economic literature by Marshall, Hicks, Patinkin and

M1shanl/. the concepts of consumers' and producers' surplus

l/(continued) suggests that the dialectic interaction hy-
pothesized by Haymi and Ruttan was not occurring. It
also suggests that the agricultural scientists were working
outside of the relevant TEPC, or within an irrelevant
range of the curve. See Patrick, George F, Desenvuivimanto
Agricola do Mordeste, Rio de Janeiro, IPEA Research Report
NO. '] » po ZSE.

l/Currie. J.M., John A. Murphy and Andrew Schmitz, "The Con-
cept of Economic Surplus and Its Use in Economic Analysis,”
The Economic Journal, 81(324): 741-799, December 1971,
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have been dealt with extensively in the 1iterature. Consum-
ers' surplus has been defined as the area above the price
line and below the demand curve. Producers' surplus, in a
somewhat symmetric manner, has been defined as the area below
the price l1ine and above the supply curve. As efther the
supply and/or demand curves shift(s) there will be a change
- in producers' and/or consumers' surplus, with a possible
resulting gain or loss to specific groups in the society.

These concepts have been used to evaluate the welfare
effects of public and private investments in agricultural
research. The basic analytical model for a closed economy
is given in Figure 6.

Suppose that prior tb some technological innovation
the equilibrium price and quantity 1is Po and Qo‘ In addi-
tion suppose that the supply curve were perfectly elastic.
The gain to society from a technological change which lowered
the supply curve to Si would be the gain in consumers' sur-
plus, A + B + C, If the initial supply curve were perfectly
inelastic, on the other hand, a shift in the supply curve
from QOS2 to Q]Sé would result in both a change in producers’
surplus (F + G - (A + B)), and a change in consumers' surplus
(A+8+ C). However, if the supply curve is positively
sloped, the net gain will be B + C + E + F, since the change
in producers' surplus is (E + F) - A, while the gai? in con-

sumers' surplus is A + B + C,
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Effects of a Shift in the Supply Curve 3s a
Result of Technological Change in a Closed
Economy. !
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The two extreme cases'of a perfectly elastic and per-
fectly inelastic supply curve were used by Grilichesl/ to
estimate the social rate of return on investments in hybrid
corn research in the U.S. Petersongj and Ayer and Schuhgj.
on the other hand, have assumed a positively sloped supply
curve in estimating the social rate of return to investments
in poultry research in the U.S. and cotton research in Brazil,
respectively,

If the assumptions are changed to that of an open
economy, the distribution of benefits can be understood by
means of Figure- 7. In the open economy case.the export
multiplier becomes an additional mechanism through which
social gains are realized. These gains are derived from the
increaéed exportable surpluses made available by the new
technology. With a shift in the supply curve the elastic
demand curve implied by an open economyi/ will not allow for

gains in consumers' surplus if the product has traditionally

l/Griliches. Zvi, "Research Cost and Social Returns: Hybrid
Corn and Related Innovations," Journal of Political Economy,
66(5): 419-431, October 1958.

g/Peterson, W.L., "Return to Poultry Research in the United
?;ates." Journal of Farm Economics, 49(3): 656-669, August
67.

§/Ayer, H.W. and G.E. Schuh, "Social Rates of Return and Other
Aspects of Agricultural Research: The Case of Cotton Re-
search in Sao Paulo, Brazil," American Journal of Agricul-
tural Economics, 54(4): 557-569, November 1972.

i/The “small" country assumption is implied, or that the
country is relatively unimportant in world markets so that
its exports will not affect world prices.
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Figure 7. Effects of a Shift in The Supply Curve as a
Result of Technologfcal Change in an Open Economy.
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been exported. If the product was not exported prior to the
technical change, there may be some gain in consumers' sur-
plus as a result of the initial shift of the supply curve.
This would occur, for example, if prior to the technical
innovation the domestic price were above the world price and
“protected" efther by transportation costs or trade policy.

It can be seen from Figure 7 that all economic surpluses
will accrue to the producers if the product has been tradi-
tionally exported. If not (i.e., 1f it is the first time
the product is exported and the internal price was previously
above the world market), the producers will share some econo-
mic surplus with the consumers for the initial shift in the
supply curve, Both the closed and open economy models de-
scribed above suggest that the proportion of the gain accru-
ing in the form of producers' and consumers' surplus will de-
pend on the elasticities of demand and supply.

These concepts are useful tools for analyzing the re-
turn to investments in research, as illustrated by Griliches,
Peterson, and Ayer and Schuh. Hence, the basic framework
provides a means of selecting the products to which research-
ers should give priority in their research efforts. In addi-
tion, it provides a means of establishing priorities in terms
of more specific goals established by policy-makers. Know-
ledge of the demand and supply elasticities will provide a
basis for determining whether the flow of benefits from a

given technical change will bu realized as a producer surplus
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or as a consumer surplus. Then, depending on whether the
policy-makers prefer to favor the producer or consumer, re-

search resources can be allocated according]y.l/

Technological Change and the Neoclassical
Theory of Distribution

In the previous section a model was discussed which
showed how the benefits from agricultural research are dis-
tributed among consumers and producers. Since an fmportant
aspect of the present study i1s also to determine how the
benefits of technical change are distributed among the fac-
tors of production, we now turn to an analytical framework
that provides the basis for such an analysis and whigh also
provides a means of hypothesizing what the expected effects
on the levels of émployment will be.

The neoclassical theory of distribution, which {s de-
rived from the theory of production, provides the analytical
tools for analyzing the problem at hand. However, it is
important to be aware of the 1imitations imposed by the
assumptions usually made in using this theory, Friedman'sg/
comments clarify in some respects one m1sle?d1ng conception

of the problem:

l/For an analytical discussion of the problem of defining
priorities in agricultural research programs see Schuh,
G.E., "Some Economic Considerations for Establishing Prior-
fties in Agricultural Research,” Ford Foundation Seminar
of Program Advisors in Agriculture, Mexico City, November
1972 (mimeographed]).

Q/Friedman. Milton, Price Theory, A Provisional Text, Aldine
Publishing Company, 1962, p. [72.
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The 'theory of marginal productivity' is some-
times described as a 'theory of distribution.’
This is a misleading statement. The theory of
marginal productivity at most analyzes the fac-
tors affecting the demand for a factor of pro-
ductfon. The price of the factor depends also
on conditions of supply. The tendency to speak
of a 'marginal productivity theory of Jdistribu-
tion' arises because in many problems and contexts
it is useful to think of the supply of factors of
production as given quantities, as perfectly in-
elastic. This is particularly relevant if the
problem concerns both market and non-market uses
of factors of production. In such cases there
is a sense in which supply conditions determine
only the quantity of the factors, while demand
conditions (summarized in the phrase 'marginal
productivity') determine price. But note that
even in this case a change in supply -- in the
fixed amount of a factor -- will change the
price of the factor, unless demand is perfectly
elastic. So it will be better in all cases to
regard the theory of marginal productivity as

a theory solely of the demand for factors of
production. A complete theory requires a theory
of both the demand for and supply of factors of
production.

The implications of technical change with respect to
the functional distribution of income when marginalist allo-
cation rules apply are determined in a partial equilibrium
framework. Technical change will affect the distribution
of income through the incentive {t provides for the reallo-
cation of factors over production alternatives. The theory
of the functional distribution of income gives us an expla-
nation of the distribution of income among factors of pro-
duction, and information about changes in factor employment
in response to changing price relations., At the macroecono-
mic level, the distributional question of perhaps gfeatest
interest concerns the behavior of aggregate re1at1v? shares.

Hence, the analysis will focus on this {ssue.
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Let us assume that the production function is given
by Y = F(K, L) where F is homogeneous of degree one in K and
L (capital and labor, respectively), and the function {s
twice differentiable in all arguments. Assume further that
the first-order derivatives, Fy, F > 0 and the second order
derfvatives, Fy,, FLL < 0, and that r = FK and W = FL. where
r and w denote the real rate of interest and the wage rate,
respectively.

By doing the necessary derivation it can be shown

thatl/
P--0-9B+0-HE
where
S = L?L/F. the labor share,
(1-S) = KFe/F, the capital share,
S/S = the rate of change in the labor share,
B = the technological bias according to Hicks'
definition,
K = K/L, the capital-labor ratio,
k/k = the rate of change in the capital-labor ratio,
and
F = total product.

,l/The derivation can be found in Ferguson, C.E., The Neo-

classical Theory of Production and Distribution (London:
Tambridge University Press, 19/1) Chapters V11 and. 12,
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If B = 0, the technological progress {s neutral and
the magnitude of the elasticity of substitution and the
direction of change in relative input supplies are the only
factors governing the behavior of relative shares. The
labor share will be augmented or diminished according as
8 : 0; that is, according as techno1ogicaf change is labor-
using or capital-using. This offers one customary way of
defining technological bias; namely, to say that technological
change 1s labor-using, neutral or capital-using according as
the relative share of labor increases, remains unchanged,
or declines. However, this 1s strictly correct only {1f the
elasticity of substitution is unity, or if the rate of
change in the capital-labor ratio is zero.

The problem in using the pure neoclassical theory is
that the analysis {s restricted to two factors. BaJukl/.
however, has extended the analysis to the n-input case, al-
though he discusses an explicit solution only for the two
factor case,

One possible way to proceed is to define an aggregate
production function for the agricultural sector in separable
form (as was done earlier in this chapter), where the degree

of substitutabflity among inputs {is assumed to be greater

l/BaJuk. A., "A Model of the Distribution of Gains from Agri-
culture Development," Ph.D. research essay, Department of
Agricultural Economics, University of California, Berkeley,
1971 (mimeographed).
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than one within the postulated subfunctions, but is less

than one between subfunctions. In other words, assume that

Y = FLOF(L*,KY), g(T*,K$)] (2.1)

where (*) indicates that the factor in question is measured
~in "effective" units, e.g., L* = t L, where t 1is an index
of non-neutral technological change which increases the qual-
fty, or “effective unfits,” of the nominal input L (labor).
The further assumptions of fixed input prices, homogeneity,
and weak separabi]ityl/ allow us to define subfunction price
indexes for the subfunctions on the basis of which the opti-
mization process can be performed in two separable stages.
By doing the necessary derivation it 1s possible to
arrive at elasticities which give the effect of non-neutral
technological change on the income to individual factors,
the functional distribution of income, and the employment of

factors of production.g/ This can be done on the basis of

l/Heak separability implies that change (infinftesimal) in
the quantity of an input employed in one group of inputs
(or subfunction) does not affect the marginal rate of
substitution between inputs in any other group. See
Leontief, "A Note on the Interrelation of Subsets of Inde-
pendent Variables of a Continuous Function with Continuous
First Derivatives," Bulletin of the American Mathematical
Society, 53(4): 343-350.

g/The elasticities are derived basfcally from Equations (20),
(33), (36), (37), and (39) through (54) of Appendix A,
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the aggregate {inputs, which represent an aggregation of the
fnputs in an 1nd1v1ddal subfunction, or on the basis of the
elementary inputs which enter a particular subfunction. In
order to keep the exposition from becoming burdensome, for
the most part only the equations which describe the effects
of changes in the labor subfunctionl/ and at the elementary
. fnput level will be presented here. Equations describing
the effects at the aggregate input level as well as factor
share analysis at the elementary input level are presented
in Appendix B.

In order to proceed let us define the following terms:

- f(L*.Kt).

Z; = g(T*,K8),

o ® the price index of ZL’

ar * the price index of ZT’

SL and ST = the factor share of the aggregate {inputs
ZL and ZT’ respectively,

CL and CK = the factor shares of L and KL in the labor
L subfunction,

cT and cK = the factor shares of T and KT {n the land
T subfunction, and

o §s the elasticity of substitution between the two
subfunctions.

The analysis will focus on the income to individual

factors of production and factor employment, Consider first

|
l/The effects of changes in the land subfunction are the same,
the1og}y difference being in the definition of the {nput
variables.
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the effect of a technical change on the total income to an
individual factor. Within the labor subfunction the two
cases of labor-augmenting and capital-augmenting technical

change can be considered. For labor-augmenting technical

change,
SN,
(L'p,)
o = (OL - ]) + CL(SLn + STU - OL)’
t
(x,p, !
L KL
t
y (K P, )

A 2 - SLCL(O’ - n)o
t t |

o is the elasticity of substitution in the labor subfunc-
tion, and is assumed to be greater than one, and PL’ PT'

Py » P

are the prices of L, T, KL and KT’ respectively.
L

K
Ithhou]d be noted that the price elasticity of demand,

n, 1s an important parameter in determining the direction of
change in the return to the elementary input. In order to
guarantee an increase in the returns to all factors, nshould
be large enough to make SLn + STo >0 given the assumption
of 0 <1 and o > 1. However, if n is not large enough,

the elasticities indicate that the return to the “laboresque"

capital will decrease. On the other hand, the return to

l/The dot notation will henceforth be utilized to represepnt
the relative change in a given variable. For example, Y =
dY/Y. When both the numerator and denominator are expressed
in dot notation, the ratio is interpreted 2s an elasticity.
for example, By dy/dx « X/Y
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labor can increase, decrease, or remain constant. (It
should be noted'iq passing that the returns to elementary
inputs of the other subfunction (1.e., land) will increase
as long as n >o0.)

For laboresque capital-augmenting technological change

.L'PL
- o CKL(SLn + STo - oL),
tK *
L
K PKL
. a (oL - 1) + CKL(SLn + Sq0 - °L)’ and
"
L
TP, TP
Ta T . .5 (0-n).
. ; Lo«
" ty L
L L

The role of the price elasticity of demand in the
case of laboresque capital technological change is symmetric
to that for labor-augmenting technological change discussed
above. Moreover, the effects on factor returns to elementary
inputs of the land subfunction are similar to those described
for the labor-augmenting technical change.

The effect of technological change on the employment
of factors will depend on the assumption made about factor
prices. If the factor prices are assumed to be fixed, the

effect of teqhnologica] change on factor employment will be
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the same as those for factor returns, since changes in the
fncome to a factor can only occur through a change in the
quantity of an input used. However, another set of equations
can be derived from the model which indicate the affect of
exogenous changes in factor prices.

Focusing at the elementary irput level again, the ef-
fects of an exogenous change in the price of labor (PL) on
the income to the factors are given by
EiL = —L +1=(1-9)+C(agq -Sn-Sso0), for labor

. L LYL L TV ’

K, P
L KL
= CL(°L - §n- ST°)’ for laboresque capital, and
PL
LS 'S
- = CLSL(° - n) for land and landesque capital.
PL P

The effects of an exogenous change in the price of

landesque capital on the income to factors is given by:

K P
L K
L. L . CK ST(o - n), for labor and laboresque capftal,
T

P

L°P

p
Ky Ky

- CKT(oT - ST" - SLo). for land, and
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K: P
T Ky

: = (1-04) ¢ CKT(oT - S¢n - S, 0), for laboresque
PKT capital.

The price eﬁast1c1ty of product demand, n, is again
an important parameter in determining the direction which
. the income to factors takes. If n is sufficiently large
such that SL” + ST° > g then the result is that the income
to each of the factors will decrease as a result of an in-
crease in the price of labor, Different values of n would
give different results, of course.

The effect of an exogenous change in the price of labor

(P,) on the employment of factors is given by:
L

%_ = - C, o, - (S,n + S;0) C ., for labor,
P
L

L

N

— CL(oL - §n - ST°)’ for laboresque capital, and

%— u 51 " SLCL(o - n), for land and landesque capital.
LR

The response to changes in other factor prices will be
symmetrical, hence they are not reproduced here. The own
price elasticity always will be negative since the negative
substitution effect within the corresponding supfunction {s
reinforced by the negative output effect and the substftutton

effect between subfunctions.
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The cross price-elasticity within a subfunction can
be either positive or negative, however. This is due to the
fact that in this case the substitution effect within the
subfunctiocn is p651t1ve. It should be noted, however, that
there are two negative effects, the output effect and the
substitution effect, between subfunctions. The sum of these
two may or may not offset the positive substitution effect.

The cross price-elasticities between inputs in dif-
ferent subfunctions will depend on the relative magnitude of
the negative output effect and the positive substitution ef-

fect between subfunctions.

A Two-Sector General Equilibrium Model

In order to provide a general view of the effects of
technological change in one sector of the economy on employ-
ment and the returns to factors, a two-sector general
equilibrium model will be specified.l/ Assume the economy
to be divided into two sectors, A and B. The former is as-
sumed to be labor-intensive, while the latter is captifal-
intensive. Furthermore, it is assumed that the elasticity
of demand for sector A's product is less than unity.

The first step in the analysis 1s to introduce a neu-

tral technfical change into the A sector, holding the factor

l/All basic assumptions of the neo-classic theory are assumed
here. For a detailed view of the model see Johnson, Harry.
G., The Two Sector Model of General Equilibrium, Aldine
Atherton, Inc., 1371,
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prices constant and letting the product prices change. As
shown in Figure 8, the introduction of a neutral technical
change causes an increase in the output of the A sector.
Since the technology is neutral, the (K/L) ratio is not af-
fected in the A sector. Thus, there is no change in the
allocation of factors between the two sectors,and therefore
there is no change in the output of the B sector. On the
other hand, the production of A industry has been increased
proportional to the technical progress measured in terms of
the decrease in the per unit cost of production.

In order for the factor shares to remain in the same
proportion as prevailed prior to the technical change, the
elasticity of demand in the A sector would have to be equal
to unity. Since it was assumed that the elasticity of de-
mand for the A industry is less than unity, however, a fall
in that industry's profits is expected. Therefore, since
the industry is labor-intensive, the share of income going
to labor has to fall vis-a-vis the capital share of income.

If a labor-using technology is introduced, as shown
in Figure 9, the outcome is different. The decrease in the
capital-labor ratio associated with the innovation requires
a redeployment of both capital and labor out of the A sector
into the B sector in order to maintain the full employment

of the factors.l/ This 1s shown in Figure 9 by twg movement

l/The reason for tnis {s that capital is released from the A
sector with the decrease in the capital-labor ratio, and
by assumption the capital-labor ratio in the B sector does
not change. Then some labor his to be released from the A
sector in order to maintain full employment.
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Figure 8., A Neutral Technological Chanae with Factor
Prices Constant.
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Figure 9.

A Labor-Using Technological Change with Factor
Prices Constant.
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from Py to Pg and from Pp to PA.

The output of the B sector must rise, while that of
the A industry may fall or rise, depending on whether the
resource exodus is or is not great enough to offset the im-
provement in productivity due to the fnnovation. 1In any
case, the critical value of the Hicksian elasticity of de-

' mand for A, which determines the movement of relative shares
and of absolute shares, is something less than unity.

It 1s also possible to examine the introduction of a
labor-intensive technology in the A sector with an alterna-
tive model which holds product prices constant but allows
factor prices tv change. The labor-intensive technological
change in the already labor-intensive sector lowers the K/L
ratio as shown in Figure 10. In order for the product price
to remain constant the factor price must change. The tangency
points between the old A-sector isoquant and the new A-sector
fsoquant and the (W/r) line indicates that the K/L ratio
_rises in the B sector and the (W/r) rises also. The ra-
tionale of this {s that as the marginal productivity of labor
fncreases in the A sector, with the product prices constant,
the price of labor is bid up. At the same time capital is
released from this sector. These two features induce the B
sector to substitute capital for labor, thereby increasing
the (K/L) ratio and bringing the (W/r) ratio into equilibrium.

Holding product'prices constant and assuming full em-

ployment of both factors of production, the share going to
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CAPITAL

A Labor-Using Technological Change with Product
Prices Constant.
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labor increases, However, to keep the A prices constant will
depend on the adjustment in the factor market between the

two sectors, as well as the increase or decrease of output

in both sectors,and the elasticity of demand for their out-
put. Two outcomes are possible. First, there may be an in-
crease in the output of the B sector and a decrease in the A
sector. In this case, with elasticity of demand greater
than one for the B sector and less than one for the A sector,
it 1s expected that the labor share will increase vis-a-vis
capital.

The second outcome 1s to decrease the output {in the
B sector and increase it 1n the A industry. W.th the elas-
ticities of demand described above it is expected that the
capital share will {increase vis-a-vis labor.

So far, perfect competition in both markets and full
employment of the factors has been assumed. If the assump-
tion of full employment of labor in the A sector is relaxed,
with a labor-using technological change no redeployment of
factors is needed and the expected outcome §s to increase
output in the A sector. Since 1t is assumed that ‘the elas-
ticity of demand is less than one, it 1s expected that the
share of labor will decrease vis-a-vis capital.

If at the same time we assume that some subsidy {s
given to capital in the A sector, some substitution;of capi-

tal for labor 1s expected. To the extent that the ;ubsidy
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fs enough to bring the (K/L) to the initial point despite
the labor-using technology, the expected outcome will be
similar to the case in which the technological innovations
were of a neutral type. As a consequence, the share of in-

come going to labor has to fall vis-a-vis capital,
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CHAPTER I11I
THE EMPIRICAL MODEL

In this chapter an empirical model is developed from
which 1t 1s possible to obtain the relevant parameters for
the present study. The chapter {is concerned with expressing
the theoretical models of the previous chapter in more
specific empirical form, and with describing estimation and
other empirical procedures.

Basically two sets of problems are involved. The
first 1s to develop a means of estimating the consumer, pro-
ducer and total surpluses in order that inferecnces can be
made about choices among products to which agricultural re-
search should be directed. The second problem {s to estimate
the underlying production function in such a way that in-
duced finnovation can be analyzed and priorities for research

in the resource-saving dimensfon can be establ{shed,

Consumers', Producers' and Total Surpiuses

Gri]ichesl/ has derived equations which describes the

upper and lower 1imits of the total gain from a technological

change that 1s expressed as a shift in the supply f?nction.

Vgritiches, 2., op. cit.
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He made two extreme assumptions about the nature of the
supply curve: (1) that it was perfectly elastic, which pro-
vides an estimate of the lower limit of the gains, and (2)
that 1t was perfectly inelastic, which provides an estimate
of the upper 1imit of the gains. The functional forms for

these upper and lower limits are:l/

upper limit = ksPOQO(l + % ke n)

k
S
Tower 1imft = kP Q (1 - 2)

~ where ks is a shift parameter which represents the magnitude
of technical change, Po and Qo refer to the price and quant-
ity at the initial equilibrium, and n 1s the price elasticity
of demand for the product.

Peterson= 2/ developed an equation to measure the total
surplus (consumers' plus producers' surpluses) on the assump-
tion that the supply function generally has some (positive)
slope. From that equation he demonstrated that Griliches'
equations are in fact the upper and lower limit. Then, in
order to have a conservative estimate of the rate of return,
he used Griliches' lower 1imit to calculate the return to

poultry research in the United States.

Vthe functional forms differ from those presented by Griliches
since he was interested in an ex-post problem and we are
interested in an ex- -ante problem. ,

—/Peterson. W.L., op. cit.
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Ayer and Schuhl/, on the other hand, derived the con-
sumers' and producers' surpluses ahd the total gain through
i{ntegration of the relevant parts of the curves. They did
this because they had point estimates of the parameters in
both the demand and supply equations.

For purposes of the present study it would be useful
"to have simple equations which could be used to calculate
separately the consumers' and producers' surpluses and the
total gain, given only the shift pﬁrameter of the supply
equation, observations on price and quantity at the initial
equilibrium, and estimates of the demand and supply elas-
ticities. Such equations were derivedg/, with the following

results:

k
Consumer Surplus = ﬁﬂ PoQp(1 + % kq).

1 k
Producer Surplus = POQO(I ty kq)(ks - ﬁﬂ). and the
= ]
Totaj gain kSPOQO(l + 7 kq),

E
where kq = nks(g;—;éﬁ-. Es is the elasticity of supply, and

the other parameters are defined as above.

1/pyer, H.W. and G.E. Schuh, op. cit.

g/The formal derivation 1s presented in Appendix C.
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A comparison of the expression for the consumers'
surplus with that for the producers' surplu; 1nd1cateskthat
consumers will gain more than producers 1f 59 > (ks - 59).

and vice-versa, Substituting k

f .

q'by fts expression we have:

1 1
ks(rs) > (ks - ks T3

Simplifying this express we obtain:

1 > (1 - ] )
1 + n/E I + n/t’"

Therefore, given the supply elasticity, consumers will gain
more than producers the smaller is the demand elasticity.

On the other hand; given the demand elasticity, consumers
will gain more than producers the larger is the supp]y'elas-
ticity. Both propositions are consistent with generally
accepted economic theory.

To compute the producers' and consumers' surplus as
well as total gains, the Griliches Jpper and lower bounds
will be used,since they permit the full range in varfation
of the total gain. To proportion the gain between producefs
and.consumers. however, the above formulas will be used.

The shift parameter, ks’ will be set arbitrarily at 10

percentl/. which 1s considered to be a conservative, viable

l/The shift parameter is assumed to be the result of a com-
binatfon of the potential capacity to shift the supply
curve from a hypocthetical technical change and the extent
of adoption of the new technology. For a discussion of
this problem, see Griliches, Z., op. cit., and Ayer and
Schuh, up. cit.
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shift in the supply curve from a concerted research effort.
Estimates of the elasticities of demand, Nys will be taken
from previous studies when available, and in those cases
where estimates are not available, some realistic range will
be assumed. Similarly, estimates of the supply elasticities
will be taken from previous studies when available, with a
. realistic range assumed for the elasticities when such esti-

mates are not available.

The Production Function

As a basis for determining in what direction the re-
search should be focused in the factor-factor dimension and
how the producers' surplus will be distributed among the
factors of production, some knowledge is needed of the elas-
ticities of substitution among resource categories and the
price indices for the subfunctions of the aggregate produc-
tion function. These in turn require estimates of the under-
lying production function, with the production function
specified in a particular form. It is to the specifications
of this production function and the derivation of the appropri-
ate parameters that we now turn.

Even though some attention has been given to extending

the classical model of distribution to the n-factor casel/,

l/For useful references, see Bajuk, A., op. cit.; Ferguson,
C.E., "Production, Prices, and the Theory of Jointly De-
rived Input Demand Functions," Economica, 33(132):454-
461, November 1966; and Hertford, R., "Determinants of the
Distribution of Agricultural Incomes: A Structural Approach,”
Research Workshop on Problems of Agricultural Development in
Catin America, Caracas, venezuela, June 13/1 (mimeographed).
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an informative analytical solution 1s still lacking for the
case of more than two factors, since problems of aggrega-
tion arise. One possible way of by-passing some of these
problems is the introduction of separability into the aggre-
gate production function. However, restrictive assumptions
such as perfect competition and fixed input prices are still
required in order to derive the relevant parameters.

Assume that tﬁé aggregate.production function is
strongly separablel/ into two subfunctions that are homogen-
eous nf degree one and which belong to the CES class of pro-

duction functions.g/ Their functional forms are:g/

-p -py71/P
Yoo [y 27P + vi2g ] (3.1)

YL’ YT>0’ "])p :ll-—-;-i.

where Y 1s output and ZL and ZT are the subfunctions which

have the following functional forms:

l/Strong separability means that the marginal rate of tech-
nical substitution between two inputs in a set is not af-
gected by the quantity of other inputs not in that set,
oeo.

aY/aL
(3 aKL)/a‘l‘ = 0 L,K eZ and TéZ,

g/Sato, K., "A Two-Level Constant Elasticity of Substitution
Production Function, Review of Economic Studies, 34(2):
201-218, April 1967.

E/By asserting that gross output is a function of only Z
and 2,, we are assuming that the other factors are fixbd.
For oIher ways to define output as function of oq]y ZL and

ZT’ see Sato, K., op. cit., pp. 204-205. l
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oLyt e 1

oL
By +82>0,-1¢p =

-pL
ZL s f(L.KL) = [B]L + BZKL

oL
(3.2)

“Pr “]/DT 1 - Oy
] B3)B4>0)"] <pT = OT

-pT
ZT = f(T.KT) ] [33T + 34KT
(303)

Equation (3.1) is a two-factor CES production func-
tion, provided that the factors of production can be parti-
tioned into separate bundles, ZL and ZT‘ We justify the
aggregation by the fact that aggregated factors are similar
in techno-economic characteristics. One such similarity is
obviously the ease of substitution. Therefore, we assume
that o<1, where g is the elasticity of substitution between
the subfunctions, and °L’°T>]’ where o, and o are the elas-
ticities of substitution between factors within each sub-
function. L and T are labor and land, i1espectively, and KL
and KT are the so called "laboresque" and "landesque" capital,
respectively.

What is needed now 1s to derive a form which facilitates
empirical estimation. From the assumption of strong separa-
bility, which implies that allocation of factors within each
class {s determined exclusively by relative factor prices of
that class only, the choice of the cost-minim{zing factor-

¢ombination {s effectively separated into two stages.
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Therefore, statistical estimation may also be carried out in
two stages. In the first stage, the functions ZL and ZT are
estimated, and in the second stage the {interfunction elas-
ticity of substitution 1s estimated.

In the first stage, on the assﬁmptions of perfect compe-
tition, instantaneous adjustment, and differentiability of

the functions, we have:

2z -p -p, _=(1/p 1) -(p +1)

L L L L L

L U Ui B2KL (3.4)
aZ -p -p .=(1/p,+1) -(p, +1)

e N U e (3.5)

From the first-order condition of cost minimization, tne

following relationship holds

- p
53.4; .2 K (o *1) 5
' ) L Pl

Since P ® 1 - °L/°L' then -(pL+1) » -llaL

Therefore,
-i{c P
B2 (L LK
B T Pl

Taking the value of KL/PL' we have

K
- & ) | (3.6)
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Adding a random term, eYl, to Equation (3.6) in view
of the stochastic nature of observations, and transforming
the equation into logarithmic form, we obtain the convenient

estimational form:

K B2 K,
log T ° 9 109(5;) - oL 109(51—) tu (3.7)
By the same procedures,
P
K B K
=£) = by _ o T
log(3=) = oy 109(83) T 'Iog(PT ) +up . (3.8)

So far we have the means of estimating the "intra-class"
elasticities of substitution. The next step is to estimate
the "inter-class" elasticity of substitution, the convenient
form of which can be derived from the first-order condition

of profit maximization. Define
"-PY-QL ZL -QT ZT .

Therefore,

-p -p_~1/p

where a and ar are the price indices which correspond to
the quantity indices ZL and ZT’ respectively, and Plis the

product price.
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Taking the derivative of 7 with respect to ZL’ we have

. 0 -p_=(1/p+1) ~(p*1)

a " Pz * vl ) v (Z)) o

From the first-order condition we have

-p -p_~(1/p+1) -(p*1)
P[YLZL + YTZT ] YL(ZL) a UL

Multiplying both sides by ZL/Py,

-p “p =1 -p a ZL
winz  +twvip 11 -y

Since the term between brackets on the left-hand side 1s

equal to YP, then:

a Z) Z_°
"T)Y- = Y'L[Y—] .

u

Adding a random term, e, in view of the stochastic

.
nature o7 the observations, and substituting -p = ] 5 we
have the relation

-(1-0/0)
a, Z
S ! (3.9)

The left-hand side {s the relative expenditure share ov the
labor subfunction. Transforming Equation (3.9) into }og-

arithmic form, we obtain
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a Z . Z
log —%YL = 1ogyL -1 5 2 log Y£-+ U (3.10)
By the same procedures,

arl - /4
log ;YT a iogyT . 5 g log Yl + UT (3.11)

To estimate Equations (3.10) and (3.11), estimates of
ZL’ ZT’ a and ay are needed. Assuming that aL is the im-

puted minimum cost of “"producing" a unit of ZL’ we have:l/

o
+8, b Pk L (3.12)

L

Assuming @ = 1, then from Equation (3.12) we obtain

1/1-0
1 =[5 +g,7L )L

Since ‘l/]-cL is different from zero, then

By L+, L = (3.13)

o
L
Dividing both sides of Equation (3.13) by B we ob-

tain

9
8 .
1 4+ (53) S L (3.14)
1 8 o !

—

Veor the derfvation of this expression, see Sato, k..'gé;
cit., pp. 216-217 and Uzawa, H., "Production Function with
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Since we have estimates of 82/8] and ¢ from the estimation
of Equation (3.7), we can estimate | and ,. Therefore we
can compute Z from Equation (3.2).

Following the same procedure we have

VgD ) (3.15)

To estimate the labor subfunction's price index, aps We make

use of the following relation:

Therefore:

PLL + PKLKL
a = ZL . (3.16)

which, of course, should coincide with the value computed from
Equation (3.12), except for a random element.
Following the same procedures we can obtain ZT from
Equation (3.3) and ay from (3.17) below.
PT + P KT

Ky
QT d zTr (3.]7)

oL and ay are the basis for making inferences about
the direction research should take in the factor-factor di-
mensfon. 1n other words, if ;%91, this suggests that agri-
cultural research should be directed to the labor subfunction.

In the Hicksian framgwork the relation between o and dT

l/(continued) Constant Elasticities of Substitution," Review
of Economic Studfes, 29(4): 291-299, October 1962,
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indicates the relative scarcity of the composite factors

ZL and Z

T°

In summary, the estimating Equations are (3.7), (3.8),
(3.15), (3.16), (3.2), (3.3), (3.16), (3.17), (3.10) and/or
(3.11). They will be estimated in that order.

The parameters of the equations that are estimated
directly (Equations (3.7), (3.8), (3.10) and/or (3.11)) will
be estimated with two sets of data. One set is derived from
a survey carried out in 7 Brazilian states by the Fundacao
Getulio Vargas.l/ Two of the states (Ceara and Pernambuco)
are located in the Northeast, two (Minas Gerais and Espirfto
Santo) in the East region, one is Sao Paulo, and the final
two (Rio Grande do Sul and Santa Catarina) are located in
the South region. These states represent a wide range of
economic conditions and permit the estimation of both
regfonal and national models.

The models will also be estimated with time series
data for a recent period. These data refer only to national
aggregates, and hence do not lend themselves to a regional
analysis.

Given the independence between Equations.(3.7) and

(3.8), which follows from the basic assumptfon of separability,

l/For a description of the survey and its revision, see
Appendix A, of Alves, E.R., "An Econ%metric Study of Agri-
cultural Labor Market in Brazil: A Test of Subsistence
and Commercial Family Farm Models,” Unpublished Ph.D.
Thesis, Purdue University, 1972.



79

the parameters can be estimated by ordinary least squares.

The fact that the estimated equations are reduced forms of

a general structural model implies that the parameters are

fully identified.

The
K

variables are defined in the following way:

the service of some proxy of mechanical devices
considered as a substitute of labor;

the amount of labor used by a unit of observa-
tion, which is a year for the time series
data and a farm for the cross-section data;

the price of the proxy, KL. used;

the prevailing wage rate for each unit of
observation;

the quantity of fertilizer used by each unit
of observation;

the amount of land devoted to production by
each unit of observation;

the price of fertilizer;

the price of land for each unit of observation;

the output observed;

the price of the output; and

and U = stochastic terms with the usual

properties.
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CHAPTER IV
EMPIRICAL RESULTS

This chapter 1s divided into three parts. In the first
part the potential gains from a specified technologically-
induced shift in th; supply curve for selected crops is
estimated, together with estimates of the distribution of these
gains between producers and consumers. In the second part
the estimates of the elasticities of substitution for the
production function are presented. And in the third part
the price indices for the subfunctions are presented, to-
gether with supplemental information on prices and factor
shares.

Tctal Gains from Assumed Technological Changes
and their Distribution between Consumers and Producers

This part is divided into three sections. In the first
section the selection of the crops which serve as the basis
for the estimation of potential gains from assumed technologi-
cal changes is discussed. The second section contains a dis-
cussion of the selection of the elasticities of demand and
supply for those crops. And finally, the empirical results

are presented.
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Selection of the Crops

Allocation decisfons with respect to agriucltural re-
search are generally made on a crop basis, with the decision
concerned about whether and in what proportions resources
should be allocated to specific crops. The following
analysis {is designed to provide information which will help
" 1in making that decision, on the assumption that the total
flow of benefits expected from a given technological change
is {mportant, and that policy makers or research managers
have some notfon with respect to what extent they desire
to benefit producers and consumers.

Two criteria were considered in selecting crops for
further ana]ys1s.l/ The first was their relative economic
importance, as measured by value of total output, total area
planted to the crop, and the geogrdphic spread of the crop
over the country.

| The second criteria was the magnitude of the price
elasticity of demand. This parameter was considered because
it was shown in the conceptual chapter that the relative
share of benefits going to consumers and producers depends
on the size of this elasticity. An important determinant
of the magnitude of this elasticity 1s whether the product
has export potentfal. If it does, then the demand elasticity

l/The livestock sector was not considered in the analysis
because of data limitations and the fact that sc 1ittle
ls known about demand and supply parameters for this sec-
or.
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will be relatively highl/ and a major share of the benefits
from technical change will go to the producers.g/ There-
fore, it was decided to choose some products that have only

a domestfc market, and others which have either been ex-
ported i1n the past, or which havé the potential to be ex-
ported. By this means 1t was possible to conduct the analysis
under a rather wide range of values for the structural
parameters,

The crops that met these criteria, and yet which kept
the problem manageable, were: cotton, sugar-cane, corn,
rice, edible beans and maniac (cassava).gf During the
perfiod 1966/1970 these crops accounted for 46 percent of
the total output from créps and 74 percent of the total acre-
age (Tables 2 and 3). Moreover, each of them was grown
rather extensively in Brazil,

Cotton and sugar-cane are two of the traditional ex-

port products from Brazil. Rice and corn nave been exported

l/This statement implies that the small-county hypothesis
applies, or that the country is so unimportant in world
trade for the given crop that it is unable to influence
price.

g/lndirect effects through the export multiplier, which could
benefit the consumer, are ignored in the present study.

2-’Cof‘f‘ee would have been a candidate for inclusion on tae
basis of its relative economic importance. However, the
prevalence of sizable government fnterventions in this
sector and the relative importance of Brazil in world
markets complicate the analysis and caused us to drop {1t
from consideration. ,



Table 2.

Output from Six Selected Crops,
Crops Represent Al1l Crops,

Output'of Al
Brazil, 1966/1970.

a$rops. and Proportfon Selected

Average
1966 1967 1958 1969 1970 66/70
Cotton 512,287 601,128 915,360 1,048,688 1,343,567 884,206
Sugar-cane - 656,886 812,898 1,041,565 1,241,678 1,578,945 1,066,394
Rice 865, 365 1,402,133 1,666,473 1,690,889 2,254,806 1,575,933
-corn 810,608 1,186,430 1,352,310 1,730,110 2,198,940 1,455,680
Edible beans 577,659 660,436 725,833 1,060,196 1,412,026 887,230
Manfoc 473,033 706,339 936,757 1,136,210 1,397,138 929,895
Total 3,895,838 5,369,364 €,638,298 7,907,771 10,185,422 6,799,339
All Crops 8,890,113 11,038,676 14,534,842 17,480,047 22,719,766 14,932,689
Percent 43.82 48.64

E/Output measured in Cr$1,000.

Source: Fundacao IBGE. Anuario Estatistico do Brasii (varfous fssues).

€8



Table 3.

Acreage Harvested of Six Selected Crops, of All
Crops Represent of A1l Crops, Brazil 1966/1970.=

a9rops.and Proportion Selected

Average
1966 1967 1968 1969 1970 66/70
Cotton 3,897,709 3,719,805 3,902,238 4,194,676 4,298,573 4,002,600
Sugar-cane 1,635,503 1,680,763 1,686,727 1,672,101 1,725,121 1,680,043
Rice 4,004,850 4,291,147 4,458,952 4,620,699 4,479,165 4,376,963
Corn 8,703,169 9,256,321 9,584,754 9,653,757 9,858,108 9,411,222
Edible beans 3,324,592 3,650,568 3,663,301 3,633,264 3,484,778 3,551,301
Manioc 1,779,806 1,914,439 1,998,197 2,029,373 2,024,557 1,949,274
Total 23,345,629 24,513,043 25,294,169 25,803,870 25,870,302 24,965,403
A1l Crops 31,449,754 32,752,963 33,564,057 34,579,533 35,891,677 33,647,597
Percent 74.23 74.84 75.36 74 .62 72.08 74.20

3/Area measured in hectares.

‘Source:r--Fundacao IBGE - Anuarjo Estatistico do Brasil (various issues).

14
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occasionally, but not on nearly as large a scale as cotton

and sugar-cane., They are produced primarily for the domestic
market. Edible beans and manfoc are traditional staple foods,
and for the most part have not been exported. Hence, the
analysis focuses on two crops that have been traditionally
exported, two that have export potential, and two that are

' produced primarily for domestic consumption.

Definition of the Elasticities
The first step fn defining the elasticities was to

survey previous research on individual commocdities that had
been conducted efther at the national level or for indfvidual
states. The results are presented in Tables 4 and 5. It
turned out that there has been more work on the supply side
than on the demand side, and that on the supply side there
were more estimates avaflable for the state of Sao Paulo
than for efther Brazil as a whole or for other states.l/

. Given the range in the estimates of the parameters,
it was decided to select three alternative estimates for
the supply side -- a low, medfum, and high -- so that some
notivn could be obtained of the sensitivity of the results
to the value of the elasticity. On the demand sfde only two

alternative estimates of the elasticities were selected --

l/The parameter estimates for the national economy tend to
be more consistent than those for the State of Sao Paulo,
which vary substantially from one study to another.




Table 4. Selected Supply Elasticities for 8razil, State of Sao Paulo, and State of Goias from Varjous

Authors.
Brazai] 380 Paulo
Toyama § Ayer & Golas
Products Pastore Paniago Thompson Pastore Pescarin Brandt Schuh as
sk 1% s (R sk (R ’ LR SR LR SR (LR LR SR LR
Cottoa .19 63 ecee oo cecn oo 1.22 2.03 37 ---- .69 1.57 948 e e
Sugar-cane .16 16 ccee cece ccee ee.. .t .12 27 .39 eee aeeo ceee ecce ecee
Rice .31 1.12 <31 1,78 cevce o... .61 1.96 .42 .69 .62 4,10 ---- .30 2.34
Cora .15 +57 eccec ceee 15 .58 eccee aaao .83 3.32 .45 2.55 ccce  ccen caa-
€dible beans .14 18 ccee eced maee aae. .37 .37 .31 .43 .10 .
Manioc AV 196 ccce eeen ceal ceen 26 .87 -cce ccee cee aea-m

ﬁ/Short-run elasticity as implicd by a Nerlove-type distributed lag model.

!/long-run elasticity as implied by a Nerlove-type distributed lag model.

Source: Pastore, A.C., ®"A Oferta de Produtos Agricolas ns Brazil,® Pescuisa e Plane

jazento 1(2):171-234,

December 1971. Paniago, E., "An Evaluaticn of Agricultural Prices for Selected rood Products:
Brazil,® Unpublished Ph.D. Thesis, Purcue Uriversity, 1565. Thompson, R.L., “The lzpact of
Eachange Rate Policy and Other Restricted Policies on Corn Exparts in Brazil,* Unpudblished N.S.
in, “Projecces da O‘erta
Septemper/October,
¢ac no Estado de
Ayer, H.W. and
6.E. Schuh, ¥Social Rates of Return and Other Aspects of Agricultural Research:

Thes§s, Purdue University, 1965. Tovara, N.K., 2rnd R.M.C. Pescar

Agricola ¢o Estaco cde Sao Pailo," hAgriciltira en Sao Paulo, 17(9/10):1-57,
1970. Brandt, S. and M. Barros ang J.0. teto, "rRelacoes Area-Preco de Algo
Sao0 Paulo,® Agricultura er Sao Paulo, 12(1/2):31-38, January/February 1665,

Cotton Research in Sao Paulo, Brazil," AJAE, 54(4):557-569, Novemder, 1972.
“Estimativas de Funcoes ce Oferta de Arroz para o Estado de Gofas e, suas Ilmp
Periodo 1948-1969," Unpublished M.S. Thesis, Federal Universfity of Vicosa, Brazil,

The Case of

Vilas A.T.,

licacoes Economicas,

1972,
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Table 5. Selected Elasticities of Demand
Various Authors.

for Brazfl and the State

of Sao Paulo,

Products Ayer & Schuhij Hartinig/ Panfago Mandell Thompson
Cotton _ -5.3 cee- ——— P ce—-
Sugar-cane ———- -.56 com- coe- ———-
Rice | =——-- c——- -.10 . =.16 ————
Corn ———— ———- ———— ———— -.66
Edible beans —— ——- -.32 —— ————
Manfoc ---- . e——- ——— v e———- ————

...........

gjilasticity for the State of Sao Paulo.

Q/Demand elasticity for sugar.

Source: Ayer and Schuh, op. cit. Paniago, E., op. cit.
Producao

Martini, E., “Acucar no Brazil:

Expansao da Moderna Rizicultura:

Dinamica,” Revista Brasileira de Economia,

1972.

Thompson, R.L., op. cit.
, Procura e Preco,” Unpu
M.S. Thesis, Federal University of Vicosa, Brazil, 1964.

ished

Mandell, P.I., "A
Crescimento da Oferta Numa Economia

26(3):169-236, July/September,

(8



88

an upper and a lower. In both cases arbitrary values were
chosen {in some cases in order to have a desired range in
the parameters. For sugar-cane and rice a relatively elas-
tic response to price on the demand side was assumed since
both have considerable potential tn world markets.l/ In the
case of manfoc, for which there were no demand elasticities
available, ft was assumed from a prior{ knowledge that {t
fs an inferior goou and that it therefore would be expected
to have a low elasticity of demand.
The elasticities chosen are presented in Table 6.
The Gains from Technical Change and their
Distribution between Consumers and Producers
The results are presented and discussed on a crop by
crop basis. In order to facilitate the comparison and an-
alysis, the gains are expressed as a percent of the total
value of output in the base period. An estimate of the
absolute value of the benefits will be presented in the text

however.

Cotton. The results for cotton are presented in
Table 7. Since the demand for cotton {is relatively elastic
with respect to price, the producers recefve the largest
share of the gains. However, as the supply elasticity in-

creases for a given demand elasticity, the producers' share

[
l/The avafiable estimate for sugar-cane is based solely on
the domestic market.



Table 6. Elasticies of Supply and Demand Chosen

for Analysis, Brazil.

Supply Demand
Product Lower Medium Higher Lower Higher
Cotton 193/ .943/ 1.572/ -2.00%/ -5.30¢/
Sugar-cane .10/ .60/ -- - .56</ -2.50%/
Rice ./ 1.7/ 2.38%/ - a6 -1.50%/
Corn .15/ .58/ 3.322/ - .30% - .66/
Edible beans .15/ .Y .43/ - .32¢/ - .50/
Manfoc Y .47%/ .96%/ - a0 3

QISelected from Table 4.
QIArbitrarily chosen on the
EISelected from Table 5.

basis of avaftlable estizmates.
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Tabl> 7. Consumers’, Producers®’ and Total Gain from Fostulated Technological Change, Expressed as a Perceat
of Total Qutput, Cotton, Brazil (1966/70 base).
Supply Elasticities
Demand Benefi- .19 .94 1.57 Griliches’
Elasticittes clary Con- Pro- Total (Con- Pro- Total (on- Pro- Total Limits
sumer ducer sumer ducer suner ducer Upper Cower
Consumer .88 3.30 4.29
2.00 Producer 9.21 7.02 5.85
Total 10.09 10.32 10.44 11.00 9.75
Consuaer 35 1.57 2.43
5.30 Prodvcer 9.74 8.83 8.1
Total 10.09 10.40 10.61 12.65 9.9

06



9

decreases and the consumers' share increases. Simflarly,

for a given supply elasticity the producers' share increases
as the demand elasticity increases. The estimates of the
total gains always 11e between the upper and lower Griliches'
limits, and approach the upper 1imit as the elasticity of
supply 1ncreases.l/

In summary, 1f the demand for cotton is in fact rela-
tively price elastic, the results suggest that producers
will tend to gain more than the domestic consumers from
technical changes. More specifically, they will gain more
than 90 percent of the total gain {f the demand elasticity
fs no less than 2.00. The total gain to both producers and
consumers {s estimated to be more than 10 percent of the
total annual output when the supply shifts, or an expected
flow of over Cr$88 million per year {f the supply shift is
maintained and the value of output corresponds to that ob-

tained in the 1966/70 period.?/

Sugar-Cane. The results for sugar-cane are simflar

to those for cotton (Table 8). However, they do present a

l/Est1ma1:es of these 1imits are presented in order to indi-
cate what the conservative and "optimistic" magnitudes would
be, as contrast to the basic estimates presented in the
Tables, which are based on positively sloped supply curves.

3/It should be noted throughout this analysis that the flow
of benefits is calculated in gross terms, since nefther
the cost of obta‘ning the technical change nor the value
of complementary inputs such as fertilizer is considered.



Table 8.

Consumers', Producers' and Total Gain from Postulated Technological Chan?e,

Expressed as a Percent of Total Output, Sugar-cane, Brazil (1966/70 base

Supply Elasticities

Demand Benefi- .10 .60 Griliches'
Elasticities <ciary Con- Pro- Total Con- Pro- Total Limits
sumer ducer sumer ducer Upper Lower
Consumer 1.65 5.24
.56 Producer 8.40 4.90
Total 10.05 10.15 10.28 9.11
Consumer .38 1.99
2.5 Producer 9.66 8.26
Total 10.05 10.24 11.25 9.80

4
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new aspect. When the supply elasticity is very émall. .10
1n'this case, the producers' share fs larger than the con-
sumers' share, even though the demand is i1nelastic. The
sftuation 1s reversed, however, when the supply elasticity
"1s larger. Therefore, if the supply elasticity for sugar-
cane 1s greater than .5 and there are restrictions on the

' exports of sugar, any shift of the supply curve to the right
tends to benefit relatively more the consumers. If, on the
other hand, the supply response is relatively low and free
trade prevails, the producers will tend to receive the
larger share of the benefits.

The total gain is equal to slightly more than 10 per-
cent of the total value of output 1f supply shifts as hy-
pothesized. This corresponds to an annual flow of (gross)
benefits of over Cr$106 mi11ion at the 1966/70 base leve) of
output.

Rice. As expected the results for rice (Table 9) are

similar to those for the crops described above. The total
§a1n to society 1z equal to more than 10 percent of the value
of output 1f the supply curve shifts as hypothesized, which
corresponds to a flow of (gross) benefits of over Cr$157
.million at the 1966/70 level for value of output.

The results for rice show in a marked way, however,
the role of the supply elasticity in determining how the
benefits are distributed. When the supply elasticity was

small, the producer received the major share of the benefits,



Tadble 9.

Consumers’, Producers®
of Total Output, Rice,

and Total Gain from Postulated Technologfical Change, Expressed as a Perceat
Brazfl (1966/70 base).

-

Demand

Benefd

Supply Elasticities
.17

.37 Z.38 Griliches’
Elasticities clary ton-  Pro-  Total Con- Pro- Total Ton- Pro- Total Limits
sumer ducer sumer ducer suaer ducer pper Lower
Consumer 1.99 8.86 9.43
.16 Producer 8.06 1.21 .64
Total 10.05 10.07 10.07 10.25 9.00
"Consumer 1.73 TTTTas T 6.37
1.50 Producer 8.39 .80 4.08
Total 10.13 10.33 10.46 10.75 9.67

b6
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indepandently of whether the upper or lower estimate of the
dehand elasticity was used. When the supply elasticity was
large, however (greater than one), the consumer tended to
receive the larger share of the benefits, the exception being
when the demand elasticity was larger than the supply elas-

Corn. (Table 10) The results for corn also present
a pattern similar to that for the other crops. The gain to
society 1s slightly greater than 10 percent of total value
of output in the base period, which amounts to a total
annual flow of (gross) benefits of over Cr$145 million.

The results for corn again show the importance of the
relative magnitude of the elasticities. When the supply
elasticity is small relative to the demand elasticity,the
producer tends to receive relatively more of the benefits,
even though the absolute value of tpe elasticities 1s less
than one in both cases. When the supply elasticity is
larger than the demand elasticity, the consumer receives the
larger share of the benefits.

Given that corn is produced primarily for domestic
consumption (with a relatively low demand elasticity implied),
the producers would tend to gain a larger share of the bene-
. fits of technological change only as long as the ;upply
alasticity were relatively Iow.' Therefore, it is expected
that the consumers will be the main beneficiary from the

development of new technology for corn productfon, unless



Table 10. Consumers®, Producers® and Total Gain from Postulated Technologfcal Change, Expressed as a
Percent of Total Output, Corn, Brazil (1966/70 base). .
Supply Elasticities
Demand Beneff- .15 .98 3.32 Griliches*
Elasticitifes cfary Con- Pro- Total CTon-  Pro- Total Con- Pro- Total Limits
sumer ducer sumer ducer sumer ducer L.per Lower
. Consumer 3.35 6.66 9.30
.30 Producer 6.70 3.44 .84
Total 10.05 10.10 10.14 10.15 8.33
Consumer 1.86 4.73 - 8.56
.66 Producer 8.20 5.42 1.7
Total 10.06 10.15 10.28 10.33 9.25

96
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~Brazil should become strongly competitive in world markets

,and'export a re]ativeiy large share of its outbht.

Edible Beans. Edible beans are produced exclusively

for the domestic market and, with an income elasticity of
demand close to zero or negativel/, it is expected that the
elasticity of dgmand'wou1d also be quite low. It is ex-
pected, therefore, that consumers wou]d be the major bene-
ficiaries of technical change in this crop. The results in
Table 11, however, indicate that the size of the supply elas-
ticity is important. For low values of the supply elastici-
ties the producers tend to receive the larger share. In
fact, within the range of parameters examinéd, only when the
demand elasticity is .32 and the supply elasticity .43 do
the consumers receive the larger share of the benefits.

The total gain to society-ié again approximately 10
percent of the value of output in the base period, with the
estimated lower 1imit being about 8.percent.of the value of
output. This annual flow of (gross) benefits would amount
to about Cr$88 million per year, if the shift of the supply
curve was as‘postulated. It should be noted that even though
the productibn of edible beans is primarily for dome;tic
consumption,'the total gain is not greatly different from

the other products described above.

l/For estimates of income or expenditure elasticities for
the principal Brasilian food items, the reader is referred
to Projections of Supply and Demand for Agricultural Pro-
ducts of Brazil Through {975, The Getulio Vargas Foundation,
USDA, 1968.




Table 11. Consumers', Producers' and Total Gain from Postul

of Total Output, Edible Beans, Brazil (1966779 basq).

ated Technological Change, Expressed as a Percent

Suoply Elasticities
3)

Demand 8enefi- .19 . .43 6riliches*
Elasticities cfary Con- Pro- Total Con- Pro- Total Con- Pro- Total Limits
sumer ducer sumer ducer . .sumer ducer Upper Lower
Consumer 3.21 4.96 5.78
.32 Producer 6.84 i 5.12 4.3 .
Total 10.05 10.08 10.09 10.16 8.44
) Consumer 2.32 .87 T 4.67
.50 Producer v .74 6.23 5.44
Total 10.06 10.10 10.12 10.25 $.00
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Manioc. Manioc {is basically a food for the lower in-
coﬁe groups in Brazil, Estimates of its income elasticity
tend to indicate a negative relationshipl/. and its price
elasticity {s expected to be the lowest among the six pro--
ducts considered in this study. Therefore, the presumption
is that the consumer wil1 tend to benefit more ffom a techno-
' logically-induced shift in the supply curve for this crop.

The results presented in Table 12 tend to support this
presumption. It is only when the supply elasticity is quite
low, and lower than the demand elasticity, that the producer
receives a larger share of the benefits.

Two points should be noted about the case of manioc,
however. First,1t has potential as a 1ivestock feed, especi-
ally for swine. Development of this potential in Brazil
could raise the demand elaéticity. In addition, there may
be considerable export potential, especially 1n light of
what appears to be a growing world short-fall in feed grains.

The total gain from the postulated shift in the supply
curve s estimated to be about 10 percent of the value of
output. However, the Griliches' lower 1imit, 5 percent, is
the lowest among the six products considered. A gain of 10
percent represents an annual flow of benefits of approximately

Cr$92 mi1lion per year at the 1966/70 level of value of output.

l/See Projections of Supply and Demand for Aqricultural Pro-
ducts of Braz through 1 » the Getulio Vargas Founda-

on, ’ .




Table 12. Consumers', Producers’ and Total Gain from Postulated Technological Change, Expressed as a Percent
of Total Output, Manfoc, Brazil (1966/70).
Supply Elasticities
Demand Benefi- R .47 .95 Griliches*
Elasticities cfary on- Pro- Total Con- Pro- Total Con- Pro- Total Limits
sumer ducer sumer ducer sumer ducer Upper Lower
Consumer §5.25 8.28 9.10
.10 Producer 4.77 1.76 .95
Total 10.03 10.04 10.05 10.05 5.00
Consumer 2.69 E.l;- 7.n
.30 Producer 7.35 3.93 2.4
Total 10.04 10.09 10.1 10.05 9.06

00!
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To the extent that the supply response {s technologically
determined, the research effort might be directed at least
in part to this end. In this way both consumers and pro-

ducers might benefit from a technological thrust.

Estimates of the Elasticities of Substitution

This part is d{vided into three sections. The first
section presents the results for the labor subfunction, the
second the results for the land subfunction, and the third

section the results for the total function.

The Labor Subfunction

The model was first tested with the cross-sectional
data, Estimates of the parameters were made for each of the
selected statesl/, plus a "national" model in which the
state data were pooled.

A 1imitation of the statistical analysis from the very
beginning was that the estimating equation could not be used
in the form specified in Chapter III. Rather, an alternative
formulation had to be used in which only the price of labor

could be treated as an independent variab]e:g/

l/The states are: Sao Paulo (S.P.), Minas Gerafs (M.G.),
?Erga?buco (P.E.), Rio Grande do Sul (R.G.S.) and Ceara

g/The original specification of .the model was

P
K B K, -
log EL = g log F% -9 log F:L
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>x

log fL = oL(log g% - log PKL) + 0, log P

The reason for this was the need to aggregate capital, and
a lack of confidence in the degree to which reported prices
for such capital 1teqs as tractors might in fact represent
. true pieces of the services rendered by these goods.

The results of estimating this equation were disappoint-
ing. The coefficients were not significantly different from
zero at usually accepted levels for any of the states, or
the pool, and the coefficients of determination were close
to zero.

Various experiments were made with the model in order
to test alternative specifications of the variables. In one
experiment capital was defined as motorized and motor-related
equipment plus animal-drawn 1mp]ements.l/ In a second ex-
periment hand tools were added to the capital stock as de-
fined above. And finally, tractors alone were used as a proxy
for the laboresque capita].g/ This latter experiment could

be carried out only for the state of Sao Paulo, since the

,l/The form in which the data were published does not permit
a separation of motorized and non-motorized equipment.

g/Tractor's were basically the only choice avajlable for a
single measure of laboresque capital, since other kinds of
motorized equipment such as combines and threshing machines
were fairly 1imited on the farms covered by the sample.
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number of tractors in the other.states was fairly limited.

' For all experiments labor was aggregated by standard-
izing to that of the datly worker paid in cash. The price
of labor was specified as the daily wage for the cash,
daily-paid worker,

The only model which resulted in a significant coef-
ficient for the price variable was when tractors were used
as the proxy for the laboresque capital, with the analysis
restricted to Sao Paulo. The results for this equation were:

. (
log T = --367 -.837 log PL
The t-value on the coefficient of price was 2.12, which
indicates that the coefficient is stgnificantly different
from zero at the 5 percent level. However, the coefficient
of determination was only .05, and the coefficient of the
price varfiable was contrary to a prior{ expectations.

The results with time series data were more encourag-
ing, and in the end provided important insights about the
stage and character of modernization in Brazilian agricul-
gure. Two time series of data for Brazil as a whole were
available to further test the model. One data series refer-
red to tractors on farms and covered the period from 1950
to 1971, This was used as a proxy for laboresque capital,

with the price of a "typical" tractor unit used as 1ts



105

price.l/ The flow of tractor services was estimated as the
combination of an opportunity-cost rate of interest and
depreciation.g/

Estimates of the labor input were made from data on
the total agricultural labor force and an assumption that
on the average each laborer worked 150 days a year. The
" dafly wage rate for the cash, daily-paid worker of Sao Paulo
was used as the price of labor.

The second time series provides estimates of the stock
of horsepower on farms and is avajlable for the period from
1962 to 1971. This data series provides an alternative mea-
sure of laboresque capital. It was also possible to estimate
an average price per unit of horsepower. In this case the
"stock" of horsepower also represents the flow, and hence
the problem of estimating the flow of services is reduced.
The price of the "flow" 0f horsepower was again estimated
assuming a 20-year l1ife for the tractor. The labor input
and price of labor were defined in the same way when this

data series was used.

l/The basis for the price series was the Fordson 42 horse-
power tractor for the 1950 decade, spliced to the Massey-
Ferguson 50X, which has a 44.5 horsepower motor. A descrip-
tion of the data is presented in Appendix E, and the data
series are presented in Appendix F. The price of the flow
of services from the tractor was estimated as 5 percent of
the tractor price, which assumes a 20-year 1{fe for the
tractor. This is essentially a "rental" price.

4

g/The opportunity cost on capital was assumed to be 10 per-
cent, and the depreciation charge was 5 percent. This
latter assumes strafght-line depreciation and an expected
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The basic model as described in Chapter III was used
for estimating.purposes and the results are presented in
Table 13. The statistical results for both periods (and
both specifications of the capital Qariable) are reasonably
good. The coefficients of determination afe relatively high,
and the coefficients for the price variable are statistically
" 'different from zero at the 1 percent level. However, the
sign of the price coefficients had opposite signs in the two
equations.l/ The sign for the 1950/1971 period was consistent
with the limited findipgs obtained with the cross-sectional
data, and contrary to a priori expectations. The sign for
the 1962/1971 period, on the other hand, was consistent with
that hypothesized a priori.

These results suggest that there was what might be
called a technological turning point sometime around or short-
ly after—1960. Alternatively, however, the difference in
results may be due to the difference in definition of the
laboresqué capital and its price, since the horsepower defini-

tion involves an implicit qualitative adjustment for the
capital variable.g/ )

3/(cont1nued) 1ife of 20 years. Sensitivity analysis indi-
cated that the results were quite stable under alternative
measures of the flow of services.

l/lt should be noted that the R2 in the horsepower specifica-
g:on :s substantially higher than in the "tractor" speci-
cation.

g/If tractors are used primarily for the power they use, esti-
mating the "stock" of tractor services by the number of
horsepower they represent may be a more accurate measure of
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Table 13. Regression Results for the Labor Subfunction with
Time Series Data, National Model, Brazil.

Coefficients Proxies
Tractor {T1950/77) Horsepower (1962/77)
Constant term -12.588 -2.174
* RN whwh

Price Variable . 3.740 a/ -.605

(4.231)< (-10.681)
RZ .46 .92
D.F. 20 8

i/‘l'he numbers in parentheses are t-values.
***Significant at the 1 percent level

To test this hypothesis the 1950/1971 series was dis-
aggregated‘into two periods, one extending from 1950 to 1961
and the other from 1962 to 1971. The statistical results
for the two periods are presented in Table 14. They support
the hypothesis of the existence of a turning point. The
coefficients of determination are again reasonably large and
the coefficients for the price variables are significantly
different from zero at the 1 percent level, and again have

opposing signs for the two periods.

g-/(cont:inued) tractor services than the flow of services
estimated from the value of the stock of tractors. Esti-
mating the services of tractors by their monetary value
may introduce factors which could lead to measuremeqt
error, :
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Table 14. Regression Results for the Labor Subfunction
with 1950/1971 Time Series Disaggregated into
Two Components, Nationa[ Model,-Brazil.

1950/1961 1962/1971
Constant term -10.500 5.570
L 2 2] *hw
Price Varfable 2.754 a/ -2.311
(12.510)= (-2.902)
R? .93 48
D.F. 10 8

e»/The numbers in parentheses are t-values.
***Significant at the 1 percent level.

The evidence for a technological turning point is thus
rather strong. The negative coefficient for the latter
period is obtained with both concepts of the laboresque
capital.

However, a problem still remains. When the capital
variable is measured as the value of tractor services, the
coefficient of the price variable is larger than one, and
hence consistent with a priori expectations. When the flow
of horsepower services is used, the coefficient is less than
one (although negative), and hence not entirely consistent
with expectations. _

It was decided to use the horsepower measureiin fur-

ther analyses for basically two reasons. In the fﬂrst.place.



109

it would seem to represent a conceptually "cleaner" measure
of the services provided by laboresque capital. In addi-
tion (and perhaps because it is a beitter measure), it results
in a larger coefficient of determination for the estimation
equation (.92 as contrast to .48).

Both the notion-of a turning point and the relatively
sma]] coefficient on the price variable are reasonably
plausible results. The point is that up until 1960 the leve)
of mechanization was indeed low in Braz1].l/ Moreover, the
most important use of tractors was for the power-demanding
land preparation operation, which is believed by most
authorities on the subject to increase the demand for labor
rather than to be labor displacing. The increased demand
for labor comes about by increasing the crop area and by
increasing yie]ds.g/

During the decade of the 1960's there was considerable
mechanization in Brazil. Moreover, a start was made towards
mechanizing the harvesting operation, especially for crops

1ike wheat, soybeans, and cotton, and to a lesser extent

l/The 1960 Agricultural Census indicates that 76 percent of
the Brazilian farms were using only human power, while less
than one percent were using some mechanical power. See
Schuh, G. Edward, The Agricultural Development of Brazil.
(New York: Praeger Publishers, 1970), p. 154.

g/These points were suggested by Sanders, J.H. in "Mechaniza-
tion and Employment in Brazilian “Agriculture, 1950-1971,"
Unpublished Ph.D. Thesis, University of Minnesota, 1973,
p. 14 and Appendix F. l
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sugar-cane. The mechanization of the harvesting operation
1s generally believed to be strongly labor displacing.

This difference in both the extent and kind of mechani-
zation would appear to be a plausible explanation of the
turning point. The fact that even as late as 1971 tﬁe level
of mechanization was fairly limited, and not yet generalized
in the harvesting operation, is the probable explanation
for the coefficient not being greater than one. It should
be'noted, however, that as mechanization becomes more ex-
tensive, and as it is extended to the harvesting operation
through greater use of combines and harvesters, it may be
that the substitutability of capital for labor will increase.
This'has important implications in terms of establishing re-

search priorities.

Land Subfunction

From the states originally selected, equations were
estimated only for Sao Paulo (S.P.), Minas Gerais (M.G.),
Pernambuco (P.E.), Rio Grande do Sul (R.G.S.), and a pool
among these four states. Ceara was eliminated because in
that state only a liﬁited number of the farms included in
the survey used fertilizer. Varfous experiments were again
made with the mbde] in order to test alternative specifica-
tions of the varfables as well as alternative formu)ations
of the model. ' :\

Experiments 1, k; 3 and 5 jnvo]ved the origina] formu-

lation as spec1f1gd in Chapter III, with the factor proportion
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between land and fertilizer regressed on the price ratio of
these two inputs. In Experiment 1 land was defined to in-
clude the total area in the farm (the sampling unit), with
the different "qua]ities"l/ of land standardized to the base
of ‘flat land for crops. Chemical fertilizer was used as a
proxy for landesque capital. Observations from all farms

" were included in the regression, with a value close to zero
used for the observation on fertilizer when the farm did not
use any of this 1nput.g/ The prices of land and fertilizer
were as reported by the individual farms. When a farm did
not use fertilizer it was assumed that it was available to
him at the average price of the sample.

In Experiment 2 only observations from farms that had
used fertilizer entered the regression. The variables were
measured in the same way as in Experiment 1.

Experiments 3 and 5 also utilized only data from farms
. that had used fertilizer. In .Experiment 3 it was assumed
that the farms fertilized only crop land, and the land vari-
able was therefore defined accordingly. In Experiment 5 the
definition was even more restrictive, and land was defined

as only the flat land used for crops. This assumption is

l/Land quality was assumed to be characterized by the topo-
graphy and the use of the land.

g/The regression equations were estimatad in logarithmic
form. Values which are very close to zero do not affect
the slope.
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not as heroic as it might seem, since fertilizer use in
Brézi] at the time of the survey was still at a Very Tow
level.l/

In Experiments 4 and 6 the following variant of the
model was used: | '

. Ky By o :

log T = oT(log E;‘+ log PT) - dy log PKT (4.1)
When using this Specificat1on it 1s‘assumed that)the prjce
of land does not vary s&stematica]]y with the price of.
fertilizer.2/ fherefore, the'fertilizér-land ratio was re-
gressed only on the price of fertilizer.

The statistical results are presented in Table 15. The
resu]ts.from Experiment 1 provfde strong support for the
model. The coefficients of determination are relatively
high, given that cro%s-sectional data.are being used to test
the model. The coefficients of the price variables for the
~four states and the poo!l had the expected sign,and the size

of the coefficient was relatively large, as hypothesized. In

l-/To test the underlying theory one would ideally like to
have observations on the land that was in fact fertilized
and the corresponding quantity of fertilizer that was used,
with their respective factor prices. Unfortunately, the
basic data did not permit this degree of refinement. It
was for this reason that various specifications of the
variables were tried. :

' g/This variant was tried because the price of land obtained
in the survey may not represent a true market price,
or it may be poorly measured.



Table 15,

Regression Results for the Land Subfunction,

Selected States, Brazil

(1962/64).
Experi- Sao Paulo Minas Gerais
ments Constant Price R2 Degrees Constant Price R2 Degrees
Term Variable of Term Variable of
Freedom - Freedom
.1 -14.889 -3.213*; .73 452 -13.735 -3.372*** 56 191
(-34.608)= e (-15.533)
2 .343 .018 .00 151 - 1.450 - J705%** 14 38
T (.146) . (-2.500)
3 - .595 -.537**% 12 161 -1.055 = J749*** 20 38
(-4.657)
4 .677 -.480*** 06 161 .666 =1.071*** 16 38
(-3.088) (-2.671)
5 .316 ~.456%** .04 129 -1.062 -1.467*** 36 26
(-2.268) ’ (-3.861)
6 1.437 -.614%%x 04 129 2.197 -2.001*** 36 26
(-2.343) ' (-3.809)

gL



Table 15. Continued.

Pernambuco Rio _Grande do Sul
Experi- 3 >
ments Constant Price R Degrees Constant Price R Degrees
Term Variable of Term Variable of
Freedom Freedom
1 -13.036 -2.840*** g7 240 -14.660 ~4.041***x 47 234
. (-40.381) L. (-14.454)
2 .613 .263 .01 28 .668 .666*** 15 46
o (.633) S (2.881)
3 .653 .075 - .00 28 - . =.320 -.399*** 09 46
(.272) T (-2.107)
4 .634 -.475 .05 28 .368 -1.917**%x 25 46
(-1.166) (-3.915)
5 2.831 .224 .00 23 1.029 - .415 .02 32
(.119) (-.845)
6 3.394 -4.344* .11 23 2.005 -5.488*** 3] 32

(-1.673) i (-3.836)

bLL



Table 15. Continued.

Pool
Experi- 2
ments Constant Price R Degrees
Term Variable of
Freedom
1 -13.462 -2.954**% g5 1123
(-46.101)
2 - .393 - J272*%**x (04 273
(-3.518)
3 - .43 - .468%** 15 279
( 6.992)
4 .593 -..592**x (07 279
(-4.561)
5 1.391 - .059 .00 216
' (- .428)
6 1.698 - .958***x  (Qf 216
(-3.834)

glNumbers in parentheses refer to t-values.
**%* -.-Significant at 1 percent level.
“**"__Significant at 5 percent level.

* --Significant at 10 percent level.

SLlL
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addition, all coefficients were significantly different from
zero at the 1 percent level.

The results with Experiment 2 were rather weak, how-
ever. The coefficients of determination were quite low,
and the coefficients for the price variable were significant-
ly different from zero at usually accepted levels only for
" Minas Gerais, Rio Grande do Sul, and the pool. The coef-
ficient for Rio Grande do Sul had the wrong signl/, however,
and in all cases the size of the coefficient was smaller
than what was hypothesized.

The statistical results from Experiment 3 were slightly
improved over Experiment 2. The coefficients of determina-
tion were still low, howeyer. al}hough in three of the five
cases they were larger than in Experiment 2. Four of the
coefficients of the price variable -- for Sao Pauio. Minas
Gerais, Rio Grande do Sul and the pool -- were significantly
different from zero aﬂd had the expected sign. (Only in the
case of Pernambuco did the coefficient have the wrong sign.)
The size of the coefficients were still relatively small,
however.

The results from Experiment 4 were similar to those

from Experiment 3, with some further improvement noted. The

l/The coefficients for Sao Paulo and Pernambuco also have
signs that are contrary to expectations, but they are not
ﬁign{ficantly different from zero at usually accepted
evels. '
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coefficients of the price variable for Mi;as Gerais and Rio
Grande do Sul had the expected size, and the coefficient for
Pernambuco had the expected sign, even though it was not
significantly different from zero. The coefficients of de-
termination were still relatively small, however.

The results from Experiment 5 were rather weak. In
overall terms this experiment showed the lowest coefficients
of determination, with a reasonable fraction of the variance
being explained only in the case of Minas Gerais. In addi-
tion, the coefficients of the price variable were signifi-
cantly different from zero at usually accepted levels only
in the cases of Sao Paulo and Minas Gerais. Al1 states but
Pernambuco and the pool had the expected sign on the coef-
ficient. However, only Minas Gerais had a coefficient whose
size was consistent with the a priori hypothesis.

The statistical results from éxperiment 6 were improved
in relation to Expériment 5. The coefficient of determina-
tion were still relatively low, but in the cases of Minas
Gerais and Rio Grande do Sul a reasonable portion of the
variance was explained. The coefficients on the price vari-
ables all had the expected sign and were significantly dif-
ferent from zero at usually accepted levels. Three of them
-- for Minas Gerais, Pernambuco and Rio Grande do Sul -- had
a sfze of coefficient'that was consistent wi;h the a priori
hypothesis, and the size of the coefficient from the pool

was close to being of the expected magnitude.



118

The overall statistical results froﬁ the cross-
sectional data provide 1imited support for the underlying
model. When all the farms in the sample are included (Ex-
periment 1), the statistical results were reasonably good
and the size and sign of the coefficients were consistent
with the a priori hypotheses. However, when only farms that
"use fertilizer were considered, the statistical results were
somewhat disappointing. Even though the coefficient of the
price variable was significantly different from zero at
usually acceptable levels a fairly large portion of the time,
the coefficient of determination tended to be low, the size
of the coefficient was not always as large as hypothesized
from a priori considerations, and there were occasional wrong
signs.

For this reason it was decided to turn to time series
data.l/ Data were available which provide estimates of the
aggregate quantity consumed and the respective prices for
each nutrient (nitrogen, phosphorus, and potassium), plus

the area in crops in Brazi].g/ Unfortunately, it was not

l/Ihe]g;Ba which were readily available cover the period 1950
0 .

g/In fitting the models it was assumed that all fertilizers
were used for crop production. This is a plausible assump-
tion, given that fertilizer is seldom used on pastures in
Brazil. Knight has noted that even in Rio Grande do Sul,
which has a fairly advanced agriculture and one in which
modern beef production is important, fertilizer is used on
pasture only for experimental purposes. See Knight, Peter,
Brazilian Agriculturai Technology and Trade: A Study of
rive Commodities, New York, Praeger Publishers, 1977.
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possible to-obtain a long data series on either the price or
rental value of land, since this data 1s available only from
1966 to the present, Therefore,.we were restricted to the.
use of the alternative model referred to at the beginning of
this section.

Given that the results for the labor subfunction sug-
gest a turning point in the produ?tion technology at some
point in the early 1960's, the equations were estimated for
three different time perfods: (1) the whole period, 1950/
1970, (2) the period 1950/1960, and the period 1961/1970.

In addition, separate models were estimated for each nutrient
and for the aggregate of the three.

The statistical results (Table 16) were consistent
with those for the labor subfunction in the sense that they
also indicate the existence of a technological turning point
in the early 1960's. When the equations were fitted with
data from the 1950/60 period, in no case were the coefficients
of the price variable significantly different from zero, and
the coefficients of determination were close to zero. These
results are consistent with the hypothesis that the elastic-
ity of substitution between fertilizer and land is zero, or
that they are complements in production.

When data were used from the period 1961-70, however,
the coefficients of the price variable were all significantly
different from zero at usually accepted levels, and the co-

efficients. of determihation were relatively high. The



Table 16.

Regression Result

s for the Land Subfunction, Time Series Data, 1950/1970-

Brazil.
N P,05
1950/70 1950760 1961770 1950770 1950/60 1961770
Copstant Term 2.957 2.004 2.994 1.722 1.060 2.395
Price of -1.089*;7 -.778 ~1.025%%* -;461** -.202 - 717%**
Fertilizer (-2.862)< . (-.860) (-7.328) (-1.739) (-.437) (-2.729)
" .29 .07 .85 13 .02 .45
Degrees of
Freedom 19 9 8 19 9 8
K20 Total
1950770 1950/60 1961770 1950770 1950760 19671/70
Constant Term 2.703 .462 3.587 2.389 .869 3.341
Price of -.939%%* -.079 =1.237%*% -.596%*%* -.010 ~.933%%*
Fertiljzer (-2.516) (-.105) (-3.424) (-1.859) (-.015) (-5.751)
R2 .24 .00 .56 .15 .00 .79
Degrees of 19 9 8 19 9 8

Freedom

ﬁlﬂumbers in parentheses are t-ratios.

***Significant at 1 percent level.
**Significant at 5 percent level.

*Significant at 10 percent level.

0et
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coefficients all have the expected signs, and for nitrogen
and potash the coefficients (elasticities of substitution)
are greater than one.

In conclusion, the time series data provide evidence
for a technological turning point in both components of the
production function. The explanation for these turning
points seems to be that during the decade of the 1950's the
modern inputs of fertilizer and machinery were still used
at relatively low levels. In the case of machinery, both
the level and kind of mechanization were such that it was
highly complementary with labor, and in effect increased the
demand for the latter. In the case of fertilizer, the comple-
mentarity with land was not quite so high. In fact, ferti-
lizer application may have been doing 1ittle more than re-
placing nutrients removed by crops.

During the decade of the 1960's, however, the use of
both fertilizer and mechanization appear to have reached the
point where they were land- and labor-substituting, respec-
tively. This chqnge in structure has very important impli-
cations for research policy and the establishment of research

priorities.

The Inter-Subfunction Elasticity of Substitution

In the previous section the results obtained for the
land and labor subfunctions were presented. The present
section reports the results of estimating the elast{city of

substitution between the two subfunctions. For this purpose
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the results using the time series data for the period
1962/71 will be used (Table 13).

It will be recalled that the estimating equations for
this purpose are:l/

o2 1 - Z,
“) 'log—P-;Yn'logyL--—-o—q'log-Y—-i-UL

“ and/or

arl - B/
(2) og —%7% = log yy - l—;—ﬁ log YI + Up

The estimates of o can be obtained from either equation,
However, in principle the parameters of both equations should
be estimated in order to have a cﬁeck.on the parameter esti-
mates. It was not possible to follow this procedure, however,

2/

since the parameters of the land subfunction® were esti-
mated with the alternative model which considered only vari-
ations in the price of fertilizer. Because of this, a key
parameter, the B's, cannot be estimated from the constant
term.Q/ Therefore, the estimate of o will be made only from

Equation (1).

YThe variables are defined in Chapter III.

g/11: was desired to use the land subfunction that was esti-
mated with the time series data in order to provide con-
sistency with the labor subfunction.

Q/The reader {is referred to Chapter III and below for the
procedures used in estimating the B's.
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To estimate the inter-function elasticity of substi-
tution and the subfunction quantity index, ZL; as well as
the subfunction expenses, QLZL, must first be calcvlated.

The equations for this purpose are:

(3) GLZL = LPL K PK

L
and
-p -p .~1/p
(4) 'z, = (8L "+ gk -1
wﬁere
]
8 o
e 0 (2 °L)‘/°L
B
B2
By = (=) 8
2 By 1
and
1 -0
L
p =
L a9,

The ratio B8,/8; and the estimate of o are derived from
the estimated parameters in Table 13. (Log By/By = -3.593
and pL *® .653.) The magnitude of these parameters indicates
that B] apprpaches one and Bo approaches zero, since

log 52/51 is negative and its characteristic is three.
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Given that the estimated value of By approaches one
and :) approafhes zero, and that PL is greater than zero,
the term BZKL oL in Equation 4 approaches zerd.l/' There-
fore, ZL was taken to be equal to the total labor used, with
capital ignored. ,

Two alternative means of estimating °LZL were tried,

" with the result that two alternative estimates of the inter-
subfunction elasticity of substitution were obtained. In

one formulation only the value of the labor services was
considered (Experiment 1). In the second case the value of
the flow of tractor services (measured in horsepower) was
added to the value of the labor services. For this purpose
the "rental" value of the horsepower unit (5 percent of the
price.of a horsepower) was multiplied by the number of horse-
power, -

The statistical results (Table 17) can be considered
reasonably good. The coefficients of determination a.e
relatively high, and the coefficients of the input/output
ratio,(ZL/Y) have the expected sign and are significant at
the 1 percent level,

The size of the elasticity of substitution as esti-
mated from the input/output ratio was consistent with a

priori expectations (less than 1), and was almost fnvariant

J--/Thi,s is consistent with the argument made earlier that

mechanization is fairly 1imited in Brazilian agriculture
in the aggregate, :
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Table 17. Regression Results for the Inter-Subfunction
Elasticity of Substitution, Nationa] Model, Time
Series Data, 1962/71 Brazil '

Experiments Constant Input/ R2 D.F. E]asticityb/
Term Output of
-Variable . . Substitution
v %k
1 3.144 -.110 .73 8 901
(-4, 927)-/
2 3.154 .74 8 .900

-.111
(-5.127)

Q/The number in parentheses are t-values.
E/Estimated from the coefficient on the input/output variable.
***significant at the 1 percent level.

to the alternative assumptions. However, the elasticity was
larger than the elasticity of substitution in the labor sub-
function (.605). The elasticity of substitution in the land
subfunction was .933.l/f_This is larger than the inter-
subfunction e]asticity;‘bgt in neither case were the elastic-
fty, but in neither case were the elasticities of substitu-

tion in the subfunctions greater than one, as postulated.

The Price Indices for the Subfunctions

Price indices for the aggregate input represented by

a subfunction can be calculated from knowledge of the

]/The elasticity for the aggregate ferti]izer varfable is
used,
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parameters of the production function. In the context of
the basic analytical model which was postulated in Chapter
IT, these indices are important parameters in their own
right, since their ratio should give an indication of the
direction that research should take. That is, the ratio
should indicate whether emphasis.should be given to the la-
bor or theiland subfunction in the research program, since
it should indicate the relative factor scarcity in the
Hicksian sense.

' Unfortunately, it was not possible to estimate the
ratio of the price indices, since the price ratio for the
land subfunction cannot be calculated. The reason for this
is that the alternative méde] in which only the price of
fertifizer was used was the basic estimation equation. This
precludes the estimation of the ‘g's. ‘

Given the inability to estimate the aggregate price
indices, the alternative is td examine the trends in prices
for the individual inputs. The recent trends in the prices
of l1and and labor, the two principal inputs in Brazilian ag-
riéu]ture, are graphed in Figure 11. The Figure indicates
that between 1966 and 1973 the pr{ce of land services has
been increasing faster than the price of labor.l/ These
data suggest that in recent years land has become 1ncreasing[y

scarce in relation to labor. Therefore, a tentative

l-/The input prices are measured in real terms, with the
original data deflated by the cost of 1iving index.
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conclusion 1s that the agricultural research program should
give special attention to the development and adoption of
land substitutes.

However, this conclusion should be drawn with a certain
degree of caution, because Brazil is not basically a land-
scarce country. It still has large areas of unsettled land,
- and the government 1is making sizable investments to open up
new areas, especially in the vast Amazon region. Hence, 1t
is possible that the relative scarcity of land and labor can
change, especially {if the recent rapid rates of industrializa-
tion continue into the future.

The trends in the prices of the close substitutes of
labor and land -- tractors and fertilizers, respectively --
provide additional insights with respect to what direction
research should take. Figures 12 and 13 indicate that in
general the weighted price of fertilizer has been declining -
relatively more than the price of tractors. The real price
of fertilizers in the aggregate declined some 35 percent from
1966 to 1970, while the price of tractors declined on the
order of 25 percent. Among the plant nutrients, nitrogen
has declined the most, followed by potassium, with the price
of phosphorus (an important nutrient under Brazilian condi-
tions) declining the least.

A consideration of the recent trends in factor prices
alone, therefore, suggests that research on the land sub-

function -- the development of improved varieties, increased
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knowledge about pesticides and fertilizers, etc. -- should
receive high pridrity. It should be noted that recent ef-
forts of the Brazilian government to strengthen its agri-
cultural research arm are therefore in the right direction.
Moreover, the large road-building programs designed to open
up new areas are also consistent with the need to ease what
" appears to be a growing land constraint.

Another way to consider the factor-saving direction
which research should take is through the trends in the
shares of the factors. Attention will be focused only on
the shares of the factors accounted for in the subfunctions
-- labor and tractors in the labor subfunction, and land and
fertilizer in the land subfunction -- since those are the
primary factors and their respective substitutes that have
been of principal concern in this study.

The trends in the shares of the above factors in outpuf
(Table 18) between 1966/1970 suggest that the factor share
of labor has been decreasing. In 1966 it accounted for 75
percent of the share going to the four factors, and by 1970
it accounted for only 69 percent. Tractors, the proxy for
the close substitute of labor, showed virtually no trend
during the full period considered, although it also declined
from 1968 to 1970.

Land also showed no trend during the first four years,

However, 1t increased substantfally in the last year. On



Table 18. Factor Shares for Selected Inputs, quzi], 1966/1970.
Year Labord/ Tractorgl LandS/ Fertiiizerg/ (1)+(2) (3)+(4) (5)+(6)
(1) (2) (3) (4) - (5) (6) (7)
1966 .480 .007 .146 .007 .487 .153 .640
1967 - .460 .007 .141 .007 .467 .148 .615
1968 .450 .009 141 .010 .459 .151 .610
1969 .407 .007 . 141 .008 .414 .149 .563
1970 .41 .006 .163 .014 :417 177 .594
3/1t was assumed that each worker was employed 150 days a year. The price was for
hired Yabor, taken from: Conjuntura Economica, Julho, 1971.

QjThe tractor service was defined as § perc

SjThe price is the rental price taken from Conjunt

g/Total expenditure in nutrients.

ent of the total stock value.

ura Economica, Julho, 1971.

261
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the other hand, fertilizer showed a tendency to increase as
a proportion of total output.

The aggregate share for these four input groups (column
7, Table 18) showed a tendency to decrease. This indicates
that the decrease in labor's share has tended to be of such
a magnitude as to override the increase in fertilizer's
share, The rather large increase in the share to both ferti-
1izer and land 1n 1970 caused a rise in the share going to
all four inputs.

One disadvaﬁtage of simply looking at historic changes
ifn factor shares is that the relative factor prices are
assumed fixed. Therefore, a consideration of the movements
in both product and factor prices will help to understand
the observed changes in factor shares (Table 19).

The index of crop prices has recently increased quite
substantially, and has been increasing more than the pr1ces.
of fertilizers, tractors and labor. On the other hand, the
price of land has been increasing more than the price of
crops and the other factors of production here considered.
This finding suggests that changes in the relative prices
account for some part of the decrease in the aggregate share
going to the farm {nputs.

In the particular case of fertilizer the data indicate
that the use of fertilizer has been growing at a rate suf-
ficient to compensate for the shift in price relative, and

for the share of fertilizer in the total to increase. On
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Table 19. Price Indices for Crops, Labor, Tractors,
Fertilizera9nd Land, in Real Term, Brazil,

1966/1973.

Year Crops Labor Tractor Fertilizer Land
1966 100 100 100 100 100
1967 95 103 97 n 100
1968 94 99 95 69 98
1969 101 97 93 67 103
1970 92 97 76 65 116
1971 116 101 69 c/ 131
1972 119 106 c/ c/ 150
1973 ¢/ nmyY g ¢/ 174/

E/Deflated by the cost of 1iving index.,
E/Refers only to the first semester of 1973.
EjNot available.

Source: Conjuntura Economica, various {ssues and
Appendix TIT,
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the other hand, the decline in the share of labor was due
at least in part to a decline In the real wage. '

The same behavior as was indicated for the share in
output {s observed when we consider the share that each of
the four factors makes up of their combined total cost
(Table 20). When we consider the share of the cost of each'
subfunction in the total cost, we observe that the labor
subfunction's share had a tendency to decline,while the land
subfunction's share increased, 'his finding again suggests
that land has become a relatively more scarce factor.l/

Finally, the factor proportions within each subfunc-
fion indicate a tendency for the use of the modern inputs,
tractors and fertilizers, to increase (Table 21). Further-
more, their use has increased sufficiently to compensate for
the decline in their respective prices as related to their
counterpart {n each subfunction, since their relative fn-
crease in price has been less.

To conclude, at least three points should be emphas{zed
from this analysis of factor prices and factor shares, First,
the evidence 1s rather strong that Brazil {s moving against
a land constraint to further output expansion in 1its agri-

cultural sector. The decrease in fertilizer prices which

l/The land scarcity, of course, is in a relative sense in the
case of Brazil, given the huge amount of land not in pro-
duction. Moreover, the increase in land values may reflect
location values associated with the recent, rather sustained
economic boom. It should be noted, however, that the source
of the increase in the price of land services is rather be-
side the point in the present context.



Table 20. Factors' Sg’re on Total Cost of Labor, Land, Tractor and Fertilizer, Brazil,

1966/1970.
Year Labor . Tractor Land Fertilizer (1)+(2) (3)+(4)
| (1) (2) (3) . (4) . (5) . ... (6)
1966 .750 .01 .228 .01 .761 .239
1967 .748 .0N .230 .012 .759 .242
1968 .738 .014 .232 .016 .752 .248
1969 .723 .012 .251 .o1e .735 © .265
1970 .692 . o .25 . 023 703 .298

3/Sane definitions as Table 18.

9¢ |
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Table 21. Factor Proportions, Brazil, 1966/1970.3/

Year Labor/Tractor Land/Fertilizer
1966 68.93 21.02
1967 67.91 19.41
1968 52,52 14,75
1969 61.80 18,21
1970 64.75 12,06

8/ same definitions as in Table 18,
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has occurred in recent years, i1f maintained, makes the de-
velopment of fertilizer-responsive varieties an agtractive
means of easing that constraint,

Second, there {is also a growing scarcity of labor, a!-
though not to the extent implied for land. If the current
economic boom continues into the future, however, the mech-
anization of agriculture may become an increasingly impor-

tant aspect of the development process.

Finally, the use of modern inputs has increased f&irly
rapidly in recent years. This increased use appears to be
the result of changing factor prices, which provides support
for the model of induced technical change that 1s the basis

of the analytical model developed for the present study.
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CHAPTER V
ECONOMIC AND POLICY IMPLICATIONS

The primary objective of this chapter is to discuss
the economic and policy implications suggested by the analyt-
ical framework and the empirical results. The results are
‘not .such as to provide conclusive recommendations on re-
search priorities, since considerations such a; the expected
costs of making a given technological advance are not con-
sidered. However, théy are suggestive of emphases that
might be considered in defining priorities for the alloca-
tion of a given reseaich budget among alternatives in such
a way that goals established by the policy makers can be
met,

Primary guidance for the analysis is provided by two
basic assumptions. The first is that, as pointed out by
Ka]dor—/, the demand for new knowledge is derived from the
contribution it is expected to make to the achievement of
individual and collective goals, or to the solution of private
and public problems. The second assumption 1s that the rate

of return to investment in agricultural research {s -expected

Uxatdor, op. ¢it., p. 64.



to be high.lj
Therefore, new production technology is treated as if
it were an input in the development process, and not as an
end in itself. This implies that the relative emphasis on
_ rprqducfs‘as well as the direction that research should take
in the factor?savfng direction should change with the set
' offgoa]s specified for both the agricultural and non-
a§r1cu1tura1 sectors. An important problem with this cri-
terion is tﬁe instability that these goals tend to have,
since.research in general, and agricultural research in
particular, takes time in order to obtain resulfsf
Four a]terngtive sets of.goals may be specified for the
agricultural sector according to the stage of development of
the ééonomy. the particular development que] theigovernment

is implementing, and the specific economic policies it uses

: l.-/Even though the number of empirical studies dealing with
this subject is stil fairly limited, to the best of our
knowledge all have found a relatively high rate of return.
Ayer and Schuh report approximately an 80 percent social
rate of return in real terms to investments in cotton re-
search in Sao Paulo, Brasil, op. cit. For rates of return
on investments in research in other countries see Griliches,
op. cit., Griliches, Zvi, "Research Ex enditures, Education
and the Aggregate Production Function," AER, 54(6): 961-974,
December, 1964; Evenson, Robert, "The Contribution of Agri-
cultural Research to Production," JFE, 401(5): 1415-1425,
December 1967; Barletta, Nicholas Ardito, “Cost and Social
Returns of Agricultural Research in Mexico." Ph.D. Thesis,
University of Chicago, 1970 (University Microfiims, Ann
Arbor, Michigan; and Tang, Anthony M., "Research and Edu-
cation in Japanese Agricultural Development," Economic
ggudies Quarterly, 13, February-May 1963, 27-4T and 971-
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to implement this model.l/ These sets of goals include:

(1) to increase aggregate income to the agricultural sector,
(2) to increase income and employment of agricultural labor,
(3) to enlarge agriculture's contribution to general economic
development, and (4) to increase consumers' welfare.

These goals are not mutually exclusive, nor are they
" exhaustive. However, they do represent relatively distinct
policy emphases that a government might have,and represent
distinctive shifts which policy makers might m;ke over time
as they respond to changing economic conditions,

With the above guidelines as a basis the following
analysis will be carried out 1ﬁ four parts. First the
d1regt1on of research in the factor-factor dimension and its
income distribdt1on fmplications will be analyzed. Then
the dir-.ctfon of research in the product-product direction
will be evaluated. This will be followed by a consideration
of the potentfal for technological change in the crops con-
sidered. And finally, some considerations from the two-

sector general equilibrium framework will be discussed.

The Direction of Research in the Factor-Factor
Dimension and I1ts Distributive Implications

Hayami and Ruttang/ have argued that if a country fails

to follow the correct technological path in its pursuit of

l/For a discussion of these points in the context of estab-
1ishing priorities for agricultural research, see Schuh,
6. Edward, "Some Economic Considerations for Establishing
Priorities in Agricultural Research," Ford Foundation Seminar
of Program Advisors in Agriculture," Mexico City, November

1972,
g/Hayami and Ruttan, op. cit., p. 54,
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output growth its society will bear a high cost and {ts
development will be retarded., In the context of their in-
duced innovation model the correct technological path is
that which eases the particular factor scarcity that 1s
constraining output expan§1on. In their framework the factor
scarcities which may be 1imiting are primarily land and
labor, which they define as the primary inputs. They provide
no role for a capital limitation in their model.l/’g/

If we assume that the adoption of new production tech-
nology at the farm level 1nvolves basfcally the investment
of capital in land and/or labor substitutes, the movement
along the correct path involves the substitution of such {ne
puts for the primary factors, and the goal of the research
effort should be to facilitate this substitution. The cri-

teria for this substitution would be the trends in relative

l/The explanation for this particular emphasis may be the
(implicit) assumption that over time capital has been
generated through the combination of the traditional fac-
tors. This implicitly involves in addition a more basic
a?sum?tion that the supply curve for capital fis relatively
elastic.

Q/In the case of the Brazilian economy at least superfici-
811y labor and land would appear to be relatively
sbundant, with capital appearing to be the scarce or
1imiting factor to further nutput expansion. The relative
scarcity of factors has to be understood in the context
of the supply price at which additional quantities of the
fndividual factors can be supplied to the economy, how-
ever,
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factor prices and resource endowments.l/ Data on these were
presented in the previous chapter and provide strong clues
with respect to the direction that research should take.

These data show that in the aggregate there tended to
be an increase in the price of land relative to the price
of labor in the perfod 1966/1973. Furthermore, land was the
" factor which had the largest absolute increase in price of
the farm inputs considered (Table 20). This suggests that
relatively more emphasis should be given in research efforts
to the land subfunction and, more specifically, to research
which helps bring more land into production (soil research,
for example) or which facilitates the substitution of land
substitutes for land. This latter could be soil research,
fncluding more work on such problem sofls as the cerradosgl,
or the development of varieties that are highly responsive
to fertilizer.

Other factors are of course important, however. For

example, the ultimate beneficifary of the development process

ljwithin the Hayami-Ruttan framework the correct choice of
production technology would be that which eases the con-
straint imposed by the resource that is most inelastic in
supply. It should be noted in passing that an alternative
framework could be postulated in which an ex ante rate of
return was the decision variable. Hayami and Ruttan im-
plicitly assume that technology which eases the relatively
more elastic factor supply would be the high pay-off in-
vestment.

g/The cerrado soils are for the most part highly leached out
latosols with a high degree of acidity, low nutrient
levels, and apparently some problems of toxicity. They
cgver large areas of Brazil and very 1ittle is known about
them.



is without doubt man or the human agent. Therefore, the
output per man should be an important consideration in de-
vising an appropriate research strategy.l/

Consider the following relationship:
Y/L = (Y/T)(T/L)

'where Y 1s gross output, L 1s labor, and T is land. In-
creases in labor productivity (Y/L) can be achieved either
by raising land ﬁroduct1v1ty (Y/T), by increasing the land-
worker ratfo (T/L), or by some combination of the two. The
tentative conclusion reached above, which was to focus re-
search efforts on the land subfunction, will concentrate
primarily on increasing the productivity of land. However,
it should be noted that by virtue of the above equation, in-
creasing the productivity of land is one way of increasing
the productivity of labor. This may have special relevance
in the case of the Brasilian Northeast, where the land
frontier is almost closed and where, according to the 1970
Census, 63 percent of the population economically active was
in the agricultural sector.g/ (For Brazil as a whole this
percentage was 44 percent, and in the Southeast it was about

27 percent.)

l/ln other word%, since labor 1s a major input in the Brazil-
fan agricultural sector, and since increased labor produc-
tivity leads to a higher per capita income and standard of
1iving, policy makers may want to give it major consideration.

g/The Northeast, also has approximately one-third of the Bra-
zilian population.
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These large regional disparities also suggest that in
a country as large as Brazil {t would be difficult to arrive
at a single policy recommendation that fits the needs of
the country as a whole. The case of the Central-West fron-
tier in Brazil further stresses this point. In that region
labor is in relatively short supply, which in turn provides
incentives for the use of tractors and mechanical equipment.

Sandersl/

argued that there were two principal reasons for
mechanization on the Mato Grosso and Gofas frontiers. One
was the cost of obtaining and controlling seasonal labor,
and the other was the difficulty (due to hardness) of work-
ing the soil,

In addition to factors such as these, the effect on the
demand for land in the old regions due to the government's
highway construction program in the Central-West and Amazon
regions should also be considered. These investments facili-
tate labor mobility and the colonization of those regions.
Hence, the single conclusion to work on the land subfunc-
tion may not be as obvious as it at first appears, at least
for Brazil as a whole.

Figures 14 and 15 show recent trends in the prices of
land and labor in selected regions. The data presented in
these figures indicate that in the old regions (Northeast,
East and South) the land prices have been increasing at a

faster rate than in the more recently opened region, the

l/Sanders. op. cit., pp. 98-102.
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Central West. Trends in the price of labor tend to be more
uniform due to its greater mobility, But even despite this
tendency, wages in the Central West have been 1ncréasing
more sharply in the last couple of years than in the other
regions, which supports the hypothesis of a growing shortage
of labor in the new regions.

Another interesting finding is that the price of labor
in the East region has been above the price of labor in
the other regions during most of the period since 1966. The
explanation for this tendency is that the states which com-
prise this region (Minas Gerais, Espirito Santo and Rio de
Janeiro) are all located close to the industrial complexes
of Guanabara and Belo Horfzonte. Both of these are important,
rapidly growing urban-industrial complexes, and migration
out of agriculture in the surrounding regions has been fairly
extensive in recent years.

To summarize, the above discussion suggests two basic
conclusions {if output growth is the primary goal of tech-
nology policy. First, in the aggregate primary attention
should be directed to the land subfunction in order to ease
what appears to be a growing land constraint to output ex-
pansion. However, given the rather wide regfonal disparities
in resource endowments within Brazil, a case can be made for
differéﬁl;;i regional emphases in research policy. More

specifically, less emphasis should be giQen to raising Iand
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productivity in the Central Hestl/. and more attention
should be given to raising labor productivity in that region
by means of mechanization. In the other three regions major
attention should be given to raising land productivity, al-
though 1f the economy continues to expand as rapidly as 1t
has in the past, mechanization may become increasingly im-

" portant, especially in the East.

Finally, the estimated elasticities of substitution
for the subfunctions suggest additional factors that might
be considered 1in establishing research priorities. In both
cases the estimated elasticities of substitution are less
than one. This implies in the case of the land subfunction
that particular attention might be given to developing
varifeties that are more responsive to fertilizer in order
to facilitate the substitution of fertilizer for land. In
the labor subfunction it suggests that more research might
be directed to developing mechanization under Brazilian con-
ditions,

So far the factor-saving direction of research has been
discussed only in a growth or development context, without
considering its effects on the functional distribution of

income. However, the analytical framework of Chapter 11

l/This conclusion is also consistent with the notion that'new
lands tend to have relatively high natural fertility, at
least for a period of time. :
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provides a means of analyzing the distributional effects of
a technical change under the assumption that the elasticities
of substitution within the subfunctions are greater than one,
and that the elast1c1fy of substitution for the inter-sub-
function 1s less than one. The empirical results for the
Brazilian agricultural sector in the'aggregate suggest that
" the latter assumption was valid (o = .9), while the former
was not (oT = .933 and ¢ = .605) (Tables 13-16). Further-
more, they suggest the existence of a change in the techni-
cal epoch (in Brown's/ sense). This change in the techni-
cal epoch leads us to believe that there may be a further
change in the intre-function elasticities of substitution
over time as the TEPC shifts in response to changing econo-
mic conditions and/or the relative prices change.

Even though part of the a priori hypothesis did not
prove to be valid, the analytical framework is still appropri-
ate since the price elasticity of demand is the key parameter.
In additfon, at the aggregate input levelg/ it is the elas-
ticity of substitution of the inter-subfunction which enters
the equatiéps in addition to the demand elasticity, and the

l/Brown, op. cit., Chapter V. -

3/The aggregate input level refers to the combination of
inputs within a subfunction.
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estimate of Lhis parameter was consistent with a priori
expectations.

When interest focuses on the elementary input level,
however, the third parameter, the intra-subfunction elastici-
ties of substitution enters the equations. In this case
the demand elasticity has to be of such a magnitude as to
compensate the low elasticities of substitution within the
subfunctions. Therefore, the selection of products, which
will be considered in the next section, is crucial in de-
termining the distributional effects of technical change.
For example, 1f the policy-maker's goal is to increase the
return to labor, even though the technological path chosen
in terms of the growth objective {is to ease the scarcity of
land, the products chosen to receive expanded research ef-
forts should be those with a price elasticity of demand
greater than .9. Among the six products considered in this
study, two crops that are likely to have such high demand
elasticities are cotton and sugar-cane.

The finding that the elasticity of substitution in the
labor subfunction 1s less than one (.605), plus the conclu-
sfon that one way to increase output per unit of labor is
to fncrease the land/labor ratio, suggest that there is a
place for research on the labor subfunction, {f the goal is
to raise labor produgtivity and {ncome. In this case, how=
ever, particular attention should be given to research on

mechanization for land preparation, which is not expected to
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greatly affect the displacement of agricultural labor. This
consideration is important, since with the exception of the
Central West (and possibly the East), labor is nof the
constraint to output expansion,

A word with respect to the movements in factor price§
is also 1n order. The earlier analytical framework shows
" that changes in factor prices affect the distribution of in-
come and the level of employment. If, for example, the
government establishes a policy to increase the consumption
of fertilizer through reductions in {ts price, the effect
on labor returns when the fertilizer is applied to crops 1ike
corn, rice, edible beans and manioc is likely to be regressive,
due to the low price elasticity of demand for these crops. On
the other hand, given the low substitutability between labor
and tractors, and given the relatively large elasticity of
substitution botween the subfunctions (.9), a decrease {in
theprice of tractors may have a positive effect on labor iﬁ-
come, even though the price elasticity of demand for indi=
vidual crops 1s low. This analysis mékes clear the impor-
tance of knowledge about both the parameters which character}ze
the underlying production function and the price é]as¥1c1ty

of demand.
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The Product-Product Dimensionl/

The price elasticity of demand 1§ an important paramefer
in determining the gains to society at large from techno]ogi- 
cal éhange, as well as in determining 1fs effects on the func-
tional distribution of income. Therefore, the relative
priority in research that is given to the individual products
plays an important role in the attainment of the goals
established by the policy makers with respect to the agri-
cultural sector.. The four alternative sets of goals referred
to at the beginning of this chapter will serve as the basis
for the present discussion,

If policy makers choose to increase the income to the

agricultural sector as the primary goal, the analytical mode]

and the empirical results suggest that the products that
should be considered are those with a large price elasticity
of demand. Among the six products considered in this study,
cotton and sugar-cane would be the first candidates, since
they have been traditionally produced for the world market.
The second candidates would be corn and rice, especially if
the research results would be of such a nature and magnitude
as to make érazil more competitive in the world markets for

these crops.

J--/The analysis will be carried out for the country as a whole. .
However, the reader should keep in mind that regional con-
siderations could change the conclusions. :
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The annual flow of gross benefits to be expected from
the first two crops would be approximately Cr$195 million
on the 1966/1970 base of value of output, while the second
" two crops would give a gross flow of benefits of approxi-
mately Cr$300 millions. The differential in the expected
flow of gross benefits is large. If in addition to this
' finding it is also recognized that corn and rice are produced
more widely over the country, which implies a more ample
distribution of benefits from such research, the decision
to increase the investment in cotton and sugar-cane research
is.not so obvious. Apparently, a key factor that should be
considered in making the decision is how close the present
Brazilian technology is to making corn and rice competitive
in world markets.

A third product that might be ‘considered is manioc.
It presently is for the most part a staple food, and i{s con-
sumed largely by low income groups. However, it has the
potential to become an export product, given the growing
feed grain shortage in world markets. And again, manioc is
produced rather widely in the country, which suggests that
1t also should be considered as a potential candidate for
expanded research efforts {1f the goal is to distribute the
benefits of the production technology over as wide a geo-
graphic area as possible. ;

The same set of.conclusions would apply {f th? goal

were to increase the income and .employment of qgrfcu]tu;al
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labor, If the technological change 1s {n the land subfunc-
tion (e.g., a technological package that 1nvo]§es varifeties
that are more responsive to fertilizer), then it {s suf-
ficient that the price elasticity of demand (n) be greater
than .9 1n order for the specified goal to be attafned.
However, it should be noted that n must be large for any

" kind of technological change to attain this goal.

To attain the goal of 1ncreasing consumers’ welfare,

the policy to be implemented has a quite different perspec-
tive. The products to be selected are those with a 1ow

price elasticity of demand and those that are consumed by

low income groups. Corn and rice, given their large flow

of gross benefits, would be candidates for high priority,
under the condition that the technological change does not
alter their current competitive position in the world market.
If the latter were the case, then producers might benefit
relatively more thap consumers. However, the consumers st{1)
might benefit Indirectiy as a result of the higher rate of
économic growth which the fncrease 1n exports would help
finance.

Edible beans angd manioc, the second {n 1ine of priority,
given this goal, present a different picture, since both are
staple foods with an fncome elasticity of demand close to
zero or negative. However, manioc has the potential to
eventually become an export product, Therefore, edible beans

s the crop for which technical change will tend to benefit
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more the consumers, while manfoc may or may not, according
to the realization or not of 1ts export potential., The gross
flow of benefits from these two crops is the smallest (Cr$186
millions) among the three groups here considered.

The attainment of the goal of enlarging agriculture’s
contribution to general econumic development 4s a bit more
- complicated,since 1t depends on easing the constraints which
prevent the economy from realizing its potential. Five sub-
sets of this goal can be considered: (1) to keep the price
of food relatively low so that nominal wages can be kept
low without depressiny recl wages, or possibly while permit-

]/ (2) to fincrease the

ting an increase 1n the real wage-—
supply of exchange earnings, (3) to supply capital to the
economy, especially for expansion of the non-farm sector,

(4) to provide a market for the products of the non-farm
sector, and (5) to supply labor for the expansion of the
non-farm sec;or.

The recommendations for attaining the first subset that
are suggested by the results of this study are the same as
those for the goal to benefit the consumers, which was speci-
fied above. Emphasis would be given to corn, rice, edible
beans, and manfoc. Even though corn is not a direct food
except on a 1imfted scale, 1ts contribution would come tn-
directly through the livestock sector. '
{

V1This should provide added fncentive to the expansion of
the industrial sector.
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The recommendatioc. < suggested for attaining the goals
of increasing agricultural income and/or to increase the
income and employment of agricultural labor can be applied
to meet the subsets of goals (2), (3) and (4). However,
different emphases should be given according to the respec-
tive weights that are given to each of these subset of goals.l/

Finally, the last subset of goals -- to supply labor
for the expansion of the non-farm sector -- has to be
analyzed in both the short- and long-run. In the short-run
the empirical results suggest that labor has not been a
scarce factor in the agricultural sector. Therefore, these
results implicitly imply that the demand for labor from other
sectors {is not increasing rapid]y.g/

In the long-run, as the non-agricultural sector expands

and requires the release of labor from the agricultural

J--/It should be noted in passing that economic policies in
Latin America in general,and in Brazil in particular,have
discriminated against the agricultural sector, which in
turn has kept it from making its maximum contribution to
¢ 1eral economic development. See Schuh, G. Edward,
“"Patterns of Equity under Agricultural Development in Latin
America," Chapter 12 of Heady, E.0., and Ball, A.G. (eds.),
Externalities in_the Transformation of Agriculture: The

Distribution of Benefits and Costs from Development,
Ames: Towa State University Press, forthcoming.

g-/Mhi'caker', Morris D., in "Labor Absorption in Brazil: An
Analysis of the Industrial Sector," Unpublished Ph.D. .
Thesis, Purdue University, 1970, has argued that the non-
agricultural sector of the Brazilian economy has not been
able to absorb the labor released from the agricultural
sector,
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sector, two quite different strategies might be pursued.
First, research could be focused on the labor subfunction,
and second, the research could be directed to those crops
with a low price elasticity of démand. These two actions
together would release labor from agriculture rather rapidly.
However, the second strategy would tend to depress the in-
" come of those individuals employed in the agricultural sec-
tor, which in turn would bring negative effects to the de-
velopment process. Therefore, the specific set of goals

in terms of what is expected from agriculture for the
economy as a whole are crucial in defining research priori-

ties in the product dimension.

The Potential for Technical Change

So far the analysis has for the most part been made
under the implicit assumption that comparable investments 1in
research directed to each of the crops would produce compar-
able results. However, to obtain the same yield increase
for each crop would likely require different amounts of
expenditure, Therefore, ex ante knowledge of the rate of
return to such investments would be useful information 1in
deciding how many resources should be allocated among the
various crops.

In the absence of such knowledge other kinds of in-
formation may be consfdered. One such type of information
is the potentfal for:tmprovements in yteld, which can lye

evaluated at least in part by means of a comparison'of
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Brazil's yields with international standards. Another cri-
terion would be the availability of, or the case with which,
fnternational technology can be adapted to Brazilian condi-
tions. And finally, an evaluation could be made of the re-
search under way in Brazil in order to determine how close
researchers currently are to obtaining a breakthrough.

A comparison of average yields in Brazil with those from
selected other countries for each of the six crops here con-
sidered (Tables 22 through 27) bring out some interesting
points. In general, yields in Brazil are low for crops such
as rice when compared with the other countries, and have not
been increasing over time, while yields in other countries
have experienced sfzable increases. These data suggest that
the potential of a 10 percent shift in the supply curve hy-
pothesfized in this study 1s probably conservative.

Considering only the proximity of Brazilian yields to
international standards, the priority for rescarch should
probably be, in order, corn, rice, cotton, sugar-cane, edible
beans and manfoc. By proceeding in this sequence resources
would be allocated where the grcatest technological gap
exists, and where presumably the yfeld increases would be the
easfest to obtain,

With respect to the transfer of technology, the most
promising potential would appear to be with those crops that
have recefved attention from the so-called International
Centers. For example, the International Rice Research

Institute in the Philippines has generated an improved germ
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Table 22. Yields of Corn in Selected Countries, 1948/1952,
1961/1965, 1970/1971, Kg/Hectare.

Country 1948/1952 1961/1965 197071971
Italy 1840 3280 4705
France 1360 3020 5170
U.S.A. 2490 4160 4975
Argentina 1630 1760 2385
Brazil 1260 1290 1450
Japan 1430 2550 2875
New Zcaland 3610 4930 7070

Source: F.A.0., Production Year Book, 1971.

Table 23. VYields of Rice in Selected Countries, 1948/1952,
1961/1965, 1970/1971, Kg/Hectare.

Country 1948/1952 1961/1965 19707197
Italy 4850 5080 4915
France 3610 3920 4235
U.S.A. 2560 4370 5160
Argentina 2990 3540 3935
Brazil 1580 1610 1960
Japan 4250 5020 5445

Source: F.A.0., Production Year Book, 1971.
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Table 24. Yields of Sugar-cane in Selected Countries,
1948/1952, 1961/1965, 1970/1971, Kg/Hectare.

Country 194871952 196171965 1970719
Costa Rica 39,100 46,100 49,750
E1 Salvador 58,700 61,100 69,550
U.S.A. 78,100 89,700 93,400
Argentina 33,900 49,600 52,650
Brazil 38,700 43,300 45,600
Japan 25,400 59,500 60,550
Philippines 46,400 53,500 52,450

Source: F.A.0., Production Year Book, 1971,

Table 25. Yields of Cotton in Selected Countries, 1948/1952,
1961/1965, 1970/1971, Kg of Lint/Hectare.

Country 1948/1952 1961/1965 197071971
Italy 160 270 230
U.S.A. 360 550 490
Argentina 240 230 28°a/
Brazil 150 170 150~

Q/Refers to 1970,

Source: F.A.0., Production Year Book, 1971
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Table 26. Yields of Edible Beans in Selected Countries
1948/1952, 1961/1965, 1970/1971, Kg/Hectare.

Country 1948/1952 1961/1965 1970/1971
Italy 290 570 965
France 750 1050 1345
U.S.A. 1180 1430 1370
Argentina 960 1050 965
Brazil 680 660 640
Kalam 1030 1140 1225

Source: F,A.0., Production Year Book, 1971,

Table 27. VYields of Manfoc (Cassava) in Selected Countries,
1948/1952, 1961/1965, 1970/1971, Kg/Hectare.

Country 1948/1952 1961/1965 1970/1971
Costa Rica 4,500 2,800 2,750
E1 Salvador 2,800 7,600 7,950
Barbados 10,100 30,100 26,700
Argentina 14,800 11,900 11,600
Brazil 13,000 13,800 14,700
Philippines 5,900 6,200 5,600

Source: F.A.0., Production Year Book, 1971.




163

plasm for rice which appears to be rather easily adaptable

to Brazilian conditions. However, to the best of our know-
ledge 11ttle has been done to adapt this source oé improved
plant material to Brazilian production areas.

At least one example of such adaption and further
development of plant material has occurred in Brazil. The
cotton research in the State of Sao Paulo started out basfce
ally with imported varieties, and proceeded to adapt and
develop them to suit local conditions. The socia)l rate of

return to this program was quite high.l/

The Expected Returns from Investments in Research

The discussion to this point has concentrated on re-
search priorities, without raising the question of whether
expanded research efforts would be a desirable decisfon. In
this section an attempt is made to obtain a crude estimate
of the magnitude of the expected return to fnvestments 1in
research.

Since data on the expendftures on agricultural research
in Brazil are not avaflable, ft was necessary to use an
alternative means of estimating research costs. One way of
doing this is on the basis of the salary costs of profession-

als with a B.S. or higher who are working in the

-]-/Ayér and Schuh, op. cit.
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agricultural sector.l/ The 1970 census reports that there
were 11,507 such workers., If a salary of Cr$6,000.00 per
monthg/ fs imputed to each worker, and 1t 1s assumed that
all professionals were to work on the six crops considered
in this study, the total annual personnel expense would be
on the order of Cr$828 million. In addition 1f it {s

" assumed that an amount equal to 40 percent of personnel ex-
penses {s required to cover other expenses associated with
research, then the total annual expenses would be ¢n the
order of Cr$1,160 millifon. This provides an upward-piased
estimrte of the total current expenditure in agricultural
research and development in Brazil.

A crude estimate of the flow of benefits can be ob-
tained in the same way. Since the flow of gross benefits
calculated in Chapter IV was never less than 10 percent of
the value of total output, this percentage can be used to
multiply the average value of output for the six crops in
the 1966/1970 perfiod. The result is an annual flow of gross
benefits on the order of Cr$680 mill1ion. The estimated flow
of benefits in this case 1s a 1ittle more than halfe the mag-
nitude of the flow of research costs. Whether this would im-

pPly a high rate of social return would depend on other

l/The implicit assumption is that all technicians with a B.S.
or better are engaged in scientific-technological activities.
This obviously over-states the case, but in the present
context this is desirable since it will provide an upper
estimate of costs.

g/This is a high level for 1970, since the federal university
system in Brazil is paying this amount for a Ph.D, at the
presert time. ' '

]
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considerations. For example, 1f six years of concentrated ef-
fort could produce a 10 percent increase in yields that could
be sustained with a relatively small maintenance research ef-
fort, so that the flow of benefits would continue into the
future with a much smaller annual cost, the rates of returns
could be relatively high.

In any case, it should be noted that the estimates are
relatively conservative in nature. A1l technicians trained
at the B.S. level or better are assumed to work on the six
crops, and the flow of benefits 1s 1imited to these six crops.
Moreover, a relatively modest increase of only 10 percent in
ylelds 1s assumed. The object of the exercise was to provide
some dimensions to the expected flow of benefits compared to
the possible costs of the research effort.

General Equilibrium Considerations

A final word is in order. The above analyses have beehn
cast in a partial equilibrium framework. A shift of re-
sources from one crop to the other, as well as between sec-
tors, should be expected when a technological breakthruugh
Is obtained. Therefore, considerations from a two-sector
general equilfbrium framework may be useful in making any
final decisfon with respect to allocating research resources.

The two sector general equilibrium model described in
the analytical chapter not only examined the output and

factor reallocatifon effects of technical chanﬁe. but by
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i{ncorporating the elasticity of product demand, provided

the means by which conclusions could be deduced as to the
changes in the distribution of income that could be expected
between the two factors of production, labor and capital.
By combining this model with the analytical framework derived
from a separable production function, some effects in the
two-sector general equilibrium can be drawn.

The discussion will be conducted in two step. First,:
the agricultural sector will be analyzed in relation to the
non-agricultural sector. And second, groups of crops, de-
fined on the basis of their price elasticity of demand, will
be considered in relation to the rest of the economy,

Let us assume, first of all, that the economy is in
equilibrium. Then assume a technical change in the agri-
cultural sector as a whole with, for example, a land-saving-
technology. The empirical results of Chapter IV show a
relatively large elasticity of substitution between the
subfunctions (.9) and a relatively low elasticity of substi-
tution (.625) and (.933) for the labor and land subfunctions.
respectively. In a closed economy the price elasticity of
demand for the agricultural sector in the aggregate 1s ex-
pected to be low. As a result of these conditions a decrease

in labor 1ncones-/ 1s expected from the technical change.

-/See the discussion above about the effects of a technologi-
cal change on factor returns. -
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Therefore, 1t is expected that labor will be forced to
lTeav: the sector to seek better opportunities elsewhere.
Depending on the output effect of the new technology, agri-
cultural output could even decrease.

The above reasoning suggests that even a technical
change which apparently 1s not labor displacing will cause
the displacement of labor, given the negative effect of out-
put on the (sectoral) distribution of income to agriculture.
This finding has important policy implications. It indi-
cates that investments in research will eventually displace
labor no matter what kind of technological path is chosen,
if the demand for the product is 1ne1ast1c.l/ Therefore,
policy measures designed to facilitate this process of ad-
Justment should be considered by policy-makers. These
measures should be directed to increase the labor absorp-
tive capacity of the non-farm sector, as well as to 1ncreas€
the mobility of labor. )

If the assumption of a closed economy is relaxed, the
weight of exports in the total output of the product and in
the use of labor could alter these conclusions. However,
this would require that the technological change be concen-
trated on those products for which exports are relatively
more {important.

Similar conclusions follow if the analysis fis conducte&

at a more disaggregated level. Conisider the group of.products

l/This will tend to be the casé unless exports arelimportant.
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“Which are;produéed pfimari]y for the domestic sector, such
Tashrice. corn, edible beans, and manioc, and which tend to
have relatively small price elasticities of demand. For
the same reason described above, a technological chanée for
any one or‘all of these crops will release labor when the
technical éban%e takes place. Therefore, there will be an
jindrease 1;}fhé‘§upb1y of labor to the rest of the agricul-
..t&ral sector and to the non-agricultural sector, and adjust-
ments wi]lfﬂyﬂrequired(ﬂf a new equilibrium 1s to be ob-

tained. ~J/

On tééiqther hand, if the products selected are cotton
and éugar—caﬁ%c which have high price elasticities of demand,
then the expected outcome is to increase the return to la-
bor, which'xn turn sh?u]d attract labor from the other ac-
tivities. Alﬁew equilibrium will Qe established in which
the labor share will 1ikely have increased.

To conc]ude;'%he analysis of this section stresses an
additional point that should be considered when decisions are
made with respect to the allocation of resources to agricul-
tural research. This new aspect is the problem of employ-
ment and the associated adjustment problems that are associ-
ated with technological change. Because of the importance
of these problems, specific policies shonld ba implemented

to facilitate the adjustment process in order that labor

does pot have to bear the ful) burden of the adjustment
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process, and so that both the benefits and costs of techni-

cai change will be more equitably distributed,
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CHAPTER VI
SUMMARY, CONCLUSIONS, AND SUGGESTIONS
FOR ADDITIONAL RESEARCH

summary
On the assumptions that agricultural research is indeed

an economic activity to be organized,and that priorities in
research have to be defined by extra-market means when the
pricing system operates imperfectly, the present study was
directed to the development and testing of a model.which
would provide a basis for establishing priorities for agri-
cultural research. The model was tested with data from the-
Brazilian economy., |

The model developed can be divided into three parts.
In the first part, the share of benefits going to consumers
and producers as well as the total benefits from a techno-
logical change are analyzed in a partial equilibrium frame-
work using the concepts of consumers' and producers' sur-
pluses. The relevant parameters for this analysis are the
price elasticity of demand, the elasticity of supply with
respect to product price, and a shift parameter for the sup-
ply curve. The price glast1c1t1es of.supply and demand were
selected from previous studies made by various authérs. and

the shift parameter was set arb{trarily at 10 percent. Six
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crops were selected for evaluating the share of benefits
that would accrue to consumers and producers from a given
technological change. These crops were cotton, sugar-cane,
corn, rice, edible beans and manioc. One criterion used to
select them was their relative economic importance in terms
of total output and area planted. The six crops accounted
for 46 percent of total crop output in the period 1966-1970,
and for 74 percent of the total crop acreage. A second
criterion was that some crops should be considered that have
been produced for the world market, and some should be con-
sidered that have been produced exclusively or almost ex-
clusively for the domestic market.

Under the assumption of linear supply and demand equa-
tions, the consumers' and producers' gain from a shift in
the supply curve due to a technological change was evaluated
under different assumptions with respect to the demand and
supply elasticities. The results showed that consumers
tend to gain more than producers if the price elasticity of
demand is low and the supply elasticity is high, and vice-
versa. The total gain increases as the respective demand
and supply elasticities increase, and the size of the flow
of gross benefits is equal to more than 10 percent of the
value of output during a recent base period.

_ The second part of the model was concerned with changes”’
in the functional distribution of income thét might arise

from a technological change. The neoclassic theory of
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distribution provided the basis for this analysis. However,
to have an analytical system for more than two factors of
production, a two-stage, separable, constant e]asficity of
substitution (CES) production function was assumed where
the maximization {s performed in two steps. The first steb
is a profit maximization problem,and the second step is a
" cost minimization problem.

The factors of production were separated into two groups.
One gro.p was composed of labor and that part of capital
which 1s a close substitute for labor (laboresque capital).
The second group was composed of land and that capital which
can be considered to be a c]bse substitute for land (landes-
que capital). The relevant parameters for the analysis are
the price elasticity of demand, the intra-group elasticities
of factor substitution within the production function, which
were hypothesized to be greater than one, and the inter-
group elasticity of factor substitution, which was hypothe-
sized to be less than one. '

The elasticities were estimated with two sets of data.
One was a set of cross-sectional data from a survey carried
out in seven states of Brazil between 1962 and 1964. The
results obtain;d with this set of data were not particularly
goad.,

The second set of data consisted of time series for
the national economy. The statistical results with these

data were reasonably good. However, the a priori{ hypothesis
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about the magnitude of the intra-group elasticities of
substitution did not prove to be valid, Point estimates of
these parameters were found to be .605 for the labor sub-
function and .933 for the land subfunction. The point
estimates of the inter-group elasticity of substitution was
found to be .9, An interesting and significant finding was
the apparent existence of a turning point in the technologi-
cal path in the early 1960's, with apparent complementary
relationships between capital and each of the primary in-
puts in the earlier period turning to substitute relation-
ships at this time.

One decision 1n.the research priority problem is the
extent to which research should be directed to easing the
constraints implied by the land subfunction or by the labor
subfunction. The criterion for this decision in the analyti-
cal framework postulated would be the implicit price rela- |
tion implied by the two-stage production function. However,
it was not possible to estimate this nrice index for the land
subfunction,since it was necessary to use an alternative
mode]l for estimation due to a lack of data on land prices.
Trends in the prices of labor and land as well as in factor
shares in the recent period were therefore used as alterna-
tive criteria., These data showed that between 1966-1970
the price and share of land was increasing faster than the
pricg and share of labor. This finding suggests that the

land subfunction should recefve more attention from research
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efforts than the labor subfunction. However, the low
elasticity of substitution found for the labor subfunctiqn
suggests that there is room for research on this subfunction
without depressing the employment and income of labor.lf

The third part of the analysis was a two-sector general
equilibrium model. The aim of this model was to analyze
" the adjustment problem between sectors, given a technologi-
cal change in one sector. The relevant parameters are the
price elasticity of demand and the bias in the technologi-
cal change. The results obtained in applying this mode]
suggest that 1f research were directed to rice, corn, edible
beans and manioc, the expected consequence would be the re-
ieqse of labor from the agricultural sector. Therefore,
government action might be necessary in order to avoid the
full burden of the adjustment problem falling on the labor

force.,

Priacipal Conclusions

1. The choice of products which should have priority
in the research effort will depend upon the goal or goals
of the government:

a. If the goal is to increase income to the agri-

cultural sector, the products to be selected are

o] - ‘

-/Behind this statement is an implicit assumption that labor
absorption problems continue to be severe in the Brazilian-
economy, and that as a result labor should not be released
from agriculture in "excessive" amounts for the moment.
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those with a high price elasticity of demand.
An important class of such products are those
with a comparative advantage in world markets,
such as cotton and sugar-cane.

b. If the goal is to increase the income and em-
ployment of agricultural labor, the choice
would be the same products.

c. If the goal 1s to increase consumer welfare,
the products to be considered must be those
with a low price elasticity of demand, such as
corn, rice, edible beans and manioc.

d. If the goal is to enlarge agriculture's contri-
bution to general economic development, the
choice will depend upon the prevailing constraint
at the particular point in time. If, for ex-
ample, the constraint is capital, the products
to be selected are those which give the greater
flow of gross benefits, which are corn and rice.
On the other hand, if the constraint is exchange
earnings, cotton and sugar-cane would be higher
on the priority list,

2. The results suggest that the bulk of research should
go to increase land productivity. However, there is room for
research on the labor subfunction if the research is directed
to activities which are not strongly labor displacing (for

example, research with tractors to improve land preparation).
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3. The results obtained in estimating the parameters
of'the production function with time series data suggest a
basic change in the production technology in the early 1960's.
Modern inputs such as fertilizer and machinery, which appear
to have been complementary to their corresponding primary
inputs in an earlier period, became substitutes of the primary
' inputs in the more recent period.

4. An exogenous change in factor prices will affect
the distribution of income and the level of employment dif-
ferently, according to the crops which use the factors the
most. For example:

a. If the price of fertilizer is lowered and it is
uged for crops with a low price elasticity of
demand, such as rice, corn, edible beans and
manfoc, the effect on labor income will be re-
gressive.

b. A decrease in the price of tractors for land
preparation may have a positive effect on labor
income, however, even if it is used for those
same crops. This is due to the low substitut-
ability among tractors and labor (.605), and
the.relat1ve1y larger elasticity of substitu-
tion (.9) between the two subfunctions of land
and labor.

5. Finally, the adjustment problem in the 1ab§r market

between the agricultural and non-agricultural sectors is
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expected to be large if research 1s directed to the crops
with a low price elasticity of demand, such as corn, rice,
edible beans, and manioc, even though the research is de-
signed basfically to improve land productivity. On the other
hand, 1f research Were directed more to those crops such as
cotton and sugar-cane which are produced for the world mar-
' ket, the demand for labor will be expected to increase 1f
the research is focused on the land subfunction, and/or on
the labor subfunction, if the technical change that results

1s not strongly labor displacing.

Suggestions for Additional Research

One of the more serious problems encountered in this
study was the lack of data on the price or rental value of
land. This deficiency limited the testing of the model as
a whole, and precluded the calculation of the implicit pricé
index of the land subfunction, which could have been an im-
portant decision variable for indicating the direction of
research between the two subfunctions.

This problem could be solved as more information becomes
available, since a data series does exist for the period from
1966 to the present. However, major - priority should be
given to synthesizing a longer time series from available
primary sources. ‘

Another problem is the definition and measurement of the
service and rental price of the substitute capital for labor.

A more precise measurement should improve the statistical
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results. Similarly, improved estimates of the level of
employment and better data on wage rates would alsp improve
the results.

It would be useful to test the madel with cross- _
sectional data from more recent years., This might strengthen
the finding of a change in the "technical epoch" during the
' early 1960's.

A 1imitation of the results as a guide for establishing
research priority is the level of aggregation at which the
research was conducted. Further research with the data
disaggregated by regfon and by enterprise would improve the
precisfon of the model and increase the specificity with
which research recommendations could be made.

The availability of studies on the demand for agricul-
tural products also places some limitations on the scope and
range of the analysis. The price elasticity of demand plays
an important role in various parts of the model. Therefore,
more research in this area should receive high priority,
and will determine the extent to which disaggregated analysis
can be made.

More studies were available on the supply side, although
more work is needed here also. Of special importance is
knowledge on regional supply functions and the nature of the.
supply response as modernization proceeds,

The present study ignored the benefits in terms of a

higher growth rate that might result from a technologically
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Induced increase in exports. Research which considered ex-
port multipliers and the benefits from this source could

well provide an additional dimension to the problem of estab-
T1ishing research priorities.

Finally, to strengthen the validity of and to search for
improvements in the model, it should be tested in more ad-
vanced economies and in other less-developed countries. This
would provide a wider range of data and, hopefully, provide

additional insights into the research priority problem.
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Appendix A. Derivation of Analytical Equations from
- the Scparable Production Function

An important part of the empirical work reported in this
thesis assumes a two-stage separable production function.
The purpose of this appendix is to provide the basic deriva-
tions which serve as a basis for the analytical equations
used in the rescarch, since this particular specification of
the production function is not widely used. The material
presented here is basec in large part on Baiuk.l/ although
some aspects of the derivatfons are made exp icit here that
are not available in the original source.

The production function is specified in separable form
whicn means that the output is postulated to be a function

of two subfunctions:
Y = FLE(L*KE), g(T*,K$)) (A.1)

where
Y s output;
L* = tLL. labor measured in “effective” units;

Kt - tK KL. "Jaboresque" capital measured in
L "effective" units;

T* = tTT. 1and measured in "effective" units;

K? . tK KT. "landesque" capital measured in "effective"
T ' units; .

t1 = {s an index of non-neutral techdolog1ca1 change

which increases the quality, or "effective"
units, of the nominal {input.

1/aa€uk. A.. "A Model of the Distribution of Gains from Agri-
cultural Development," Ph.D. Research Essay, Department of
Aaricultural Economics, University of California, Berkeley,

1T (mimeo).
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The basic characteristic of the production function (1)
is that capital 1s divided into two types, cne of which is
labor-saving and the other of which is land-saving. The de-
gree of substitutability between inputs within a subfunction {s
assumed to be high (greater than one), while the degree of
substitutability between the aqgregate inputs represented
by the subfunctions is assumed to be low (less than one).

Let us define

ZL . f(L*.Kt) (A.2)
and
Zp = 9(T*,K8) . (A.3)

Then equation (A.1) becomes
Y = F(ZL.ZT) . (A.4)

Fixed input prices and weak separability are assumed.

According to Leonticfl/

weak separability means that the
marginal rate of substitution between inputs in one subfunc-
tion 1s a function of the quantities of inputs in that sub-
function alone, given the input prices, and hence independent
of the value of any variable outside the subfunction. In

the present context this requires that, say, a capital aug-
menting technological change in the land subfunction does

not affect the marginal rate of substitution between iabor

171. Leontief, "A Note on the Interrelation of Subsets of
Independent Variables of a Continuous Function with Con-
Continuous First Derivatives,” Bulletin of the American
Mathematical Society, 53(4): 343 -350, April 1947,




188

and laboresque capital. Homogeneity within the subfunction
fs also assumed, which permits the definition of group price
fndexes on the basis of which the optimization process can

be consistently performed in two separable stages. The opti-
mization 1s as follows:

First Stage

s.t.
Y = h(P) (A.6)

where equation (A.6) {is the demand function, a » ap are the
price fndexes for the subfunctions, and P is the product
price. In this stage the exogenous variables are ap and ars

and the endogenous varfables are P, Y, ZL' ZT.

Second Stage

K*

*

Min t— P, + t—L— Pe + A2, - F(L*KE)] (A.7)
L kR

nin 1% p_ 4 O, + A (2, - g(T*,K2)] (A.8)
t. ‘1*¢% K 1A S AR LS g
T Ky T

where P1(1-L.T.KL.KT) are nominal input prices. The exogen-
ous variables 1n'the labor subfunction are ZL' PL’ PKL, tL’
tKL. and the endogenous variables are L, K » and A+ In the
land subfunction the exogeneous variablaes are ZT’ PT' PKT.

trs tg s and the endogeneous variables are T, Ky and Ape
T
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The first stage is a profit maximization problem,while
the second stage is a cost minimization problem. In the

first stage the first-order conditions are:
a, = PF
L ZL
ar ® PFZT (A.9)
h(P) = F(ZLoZT)

By taking total differentials in the logarithmic form of the

set of equations (A.9) we obtain:l/

PFZLZLdZL PFZLZTdZT FZLdP
a, = + +
L PF, PF, P,
L L L
PF, , dZ, PF, ,dZ  F, dP
S ek S P (A.10)
TP, PF; PF, -
T T 1
F, dZ F. dZ
hpdP z, %% 2,%%7

By making the appropriate simplification and transformation
in equation (A.10) we obtain:

l/A dot above a variable denotes a rate of change for that
variable, {.e., daL/aL. and Fi’Fii are the first- and

second-order derivatives, respectively, 1-ZL.ZT.
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- F-]

[ -]
a F 2.2 + F2'F 2.2 + B
L Z,°2,2 "L°L A R S |

[ ] -] 2 -]
ar = Fo'F. 2,2, + F'F 2.2+ P (A.11)
T Z; 27°L0L I 2217

-nb =S 2+ sp L

where n is the negative of the elasticity of final demand,
and

2, 0L
LT R

Fa. by
17 RIS

(A.12)

are the subfunc£1on factor shares.
For functions that are linear homogeneous, the follow-

ing fdentities hold.)/

F T
.2 I 12

(A.13)
.
F g - F
21y T Iy L

Substituting identities (A.13) into (A.11) we have:

l/See Ferguson, C.E., The Neoclassical Theory of Production
and Distribution (London: Cambridge University Press,

’p. .
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& = F3'(- ;l £ 32,2, + F3VF, , 2.0, + B
BN i B R A 1 2

-1

z
. -1 L
ar = Fo'F 2, o+ F (- F V2.2, + B (A.14)
T Zp 2.2 °LOL A 3 A

0 = SL2L + STzT + nb

By manipulating equatfions (A.14) we obtain:

[ ] .] -] -] -] -] -]
a, = = Fo'Fo'YF 2.Y"'2 + Fo'FoYE 2.F, Y '2 + P
L 2,721, L 2,07 L 2 2 el T L T

ar = Fo'F2'YF Z.F, Y '2 - F2'FSYF Z.F, Y™ 'i. + B
T 2.2 2.2 0L L A A T
0 =5 2 + 52y +nb (A.15)

Since our functfon is assumed to be homogeneous of de-

gree one, the elasticity of substitution among factors can be

defined as:ll

F, F
2 Ly

g = YF—— (A.]ﬁ)
szT

Therefore, by using (A.12) and (A.16) equation (A.15) becomes:

l/Fm'guson. C.E., op. cit., p. 96.
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:  § - -l -l
% o 2L * o 2T + P
S S
~ -} —L- - —-l—-
ar o 2L ] 2T + P
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(A.17)

The representation of equations (A.17) 1n matrix vYorm

is:

the fnverse in (A.19) we obtain:
)
1

f

Q "_U) Q '_‘m

St

-SLn'STO
SL(O'n)

St

aj v aj w»
— -

S

T n |

ST(0~n)

St

(A.18)

(A.19)

: (A.20)
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The first-order conditions for the second stage for the

labor subfunction are:

PLom AL fLet,

ZL u f(L*.Kf)

(A.21

By taking total differentials in the logarithmic form

of (A.21) we obtain:

5o BALFLaadLt A f

= +

LA FLake

t, fLadh,

L ALfL*tL tLALﬁ.*

L Ky « L LK

tKLA f dL* ot A Frape dK

CLALTLw

t, f, .dax
KL Kf L

B
KL

L L

fLadL

b AR ¢ AR

Simplifying equations (A.22) we have:

1
pL

- -1
B, = £:] fKtL*dL* * fa ek

KL K

s =] -1
I = 2Mf AL+ 27 fodKf

" Fx E AT tKLALfKlf

- § = = ] 1 ’
Fla FLapwdl?® + flx fLagL»dK} + iL + 2

t, A\ T
KL L Kf

(A.22)

(A.23)

From the definition of the variables in equation (A.1)

we have:



FLoKD) = fle Lt KD

Therefore,

aF (L¥,K¥) a(tLL’tKLKL)

T 5L = fL
. af(L*\K¥) 41
L TR T

fL = flat,» since L* = tLL
1 general,

f,. = f where i = L,K

i 7 Tyxty L

And by the same procedure we have

2

f jrinty

i1 = f

and

diw = tody + 1dt
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(A.24)

(A.25)

(A.26)

By using the relations (A.24), (A.25) and (A.26), equa-

tion (A.23) becomes:

B, =t £ 1f (t dL+Ldt,) + thL‘

R R RRITR: fLKL

+ Y +.XL

dK, +K dtK )
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B = t, flele s (t dL+Ldt,) + t £=le 2@t dK
tKpdtg )+ tp + X (A.27)
L L .
. 7y -1,
ZL Z 't (t dL+Ldt ) + zL KL L(t LdKL+KLdtKL)

By simplifying and manipulating the equations (A.27) we ob-

tain:

= f ]f LLE o+ f -1¢ KR+ ff

p
L 'L L LK L L

foe £le K¢
LL L LKL L KL

+AL

-1
K, K K, K

B = f2lf, LL + £3'f KR+ e fy (LE, + -l¢ K b
K L KL KoKt KL KL KL LKL LKL

+ ¢, + 2 (A.28)

-1

zL =z f Ll + 2. f, K. k + zL fLLfL + L fKLKfoL

L KL

By making use of relations 1ike (A.13), we have:

= f"(- E— )l + £ “le KR, + f"( L )L£
L LK L L L LK

p
LKL KK

L

- .
+ 3 o+ ff + A
L LKL L KL L
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bow Ve Ll 4 f20(- e, KR+ f3le,  LE
k" Tk KL k kTR URRL T TRt
R CE-SX DL M S (A.29)
L KL K L L °
a -] ® -] -] -]
ZL Z ' L0+ 7] fKLKLkL + 7 f LiL + 2 fKLKLka

By using the relations 1ike (A.12) and (A.16), equation
(A.29) becomes:

C C C C
K K K K
pos oLtk Lt st +Li +X
L oL o L oL L L o KL L
C C (" C
n—l—- -—L-. -—L- --—l- X
ﬁKL 5, £ 3 R+ L £L 5, £KL + £KL + A (A.30)

j aclL+cC, K +Ct +¢, ¢
L L K "L LL K"Ky

where CL = Z']f L, the labor share within the labor subfunc-

L 'L

tion, ' :
¢, =27'f
KL L KL
the labor subfunction, and

KL’ the share of laboresque capital within

L the elasticity of substitution between L and KL.
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By representing equations (A.30) in matrix form we have:

[C c | [ ] (
KL CRL ¢ 1
9% oL
c c
I S Rl - o
9 oL
cL cKL & AL
\ J \ / L
Therefore:
[ L | c, ¢ c 1
- (o4
KL L KL L
XL | c, cKL 0
\ \

C ¢
K K
0 0 —t.. L
oL o
1 o0 - Y -1
°L. 9
0 1 -C -C
C ] W
o~ -C, o
-CLoL CLoL-l
-C -C

\

(A.32)

Cost minimization in the land subfunction, fol]owing the

same steps for the labor subfunction, will yield:
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+) [-¢c,o. Coor 1 C ol <Coor]| |8, |
KT T KT T KT T KT T T
p
K
iT
A C C 0 -C -C t
S r ! IS R O
(A.33)
where CKT and CT are factor shares of KT and T in total land

subfunction cost, {.e., “TZT’ and or s the elasticity of
substitution between KT and T within the land function.
Now, let us define the price indices for the subfunc-'

tions, a, and ay, referred to in equation (A.S).l/
L T

GLZL u LPL + KLPK

L
Therefore
a, = %P+ ;-L Py : (A.34)
L L L

By taking total differentials in the logarithmic fqrm of :
(A.34) and making the necessary simplification we have:

LP, P

a = rFI—-—KIF—- [ﬁ + L]+ *7-—-1(1y- [ﬁ + RL] - ZL
L

YThe reader is referred to Gorman M. "Separable Ut1lity
on Aggregatfon," Econometrica 27(3) :469-481 and Green. H.A.J.,
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or

a = C (B + L)+ cKL(ﬁKL +R) -2, (A.35)

Equation (A.35) is homogeneous of degree one in prices

since cL + cKL = ], Since L* = tLL and K*L = tKLKL. then

L* a [ + £L and K¥ = K+ £KL .

Therefore (A.35) can be written as

&L = cL(ﬁL + [* - £L) + cKL(#KL + Rt -t

By the same reasoning, the price index Gr is

ap = CT(PT T - b)) 4 cKT(;SKT + ke - tKT) - iT (A.37)

Given the equations derived above we can now derive the

two stage elasticities of the derived demands for elementary

inputs:
Lot L4 8
Pl Bl 2 o B

l/(continued) Aggregation in Economic Analysis (Princeton,
Princeton University Press), Ch. 4, pp. 25-32 for the
existence of the prices and input quantity indexes.
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The first term on the right hand side denotes the elas-

ticity of the demand for labor with respect to its own price

when ZL is held constant.

The second term measures the per-

centage change in the quantity of L demanded due to a first

stage reallocation of aggregate inputs induced by a change

in PL' Therefore, in equation (A.38), the total effect on

" L of a change in PL was decomposed into a sum of a within-

subfunction and a between-subfunction adjustment.

tion, we have:

From (A.20),

From (A.36),

L
-— a «C, 0
K, L

L. .
2
2

L
— a8 - S n - S_o
. L T
o

LB
;— CL .

L

Therefore, (A.38) can be written as:

L
p

8 - CKLOL - (SLn + Sfa) CL

In addi-

(A.39).
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Similarly%/

L .1L +L-Z-E—°L-=ca-(sn+so)c (A.40)
B B, lz, 1 oL P K 't L LA T

A 1 LI K,

N
-lp:—- s -12:—.:_[:. BI- " ST(q - n)cT (A.ql)
T L% *r

Y T S (A.42)
Pe. b ap By T Ky

T T

Due to the assumption of weak separability into two
subfunctions, the subfunction price indexes are functions of
L (

the subfunction prices alone. Therefore, = and =—— depends

K
only on the effects that a change in PT and}or PKT T have on
the corresponding group price index, ar (that is, on the ad-
Justments in elementary inputs due to a reallocation at the

first stage level).

The elasticities of the derived demand for elementary

inputs related to factor-augmenting changes are:

l.‘_.n.l..‘_.. +l..___i_l.__l__=c 9L 1 (s S-0)C (A 43)
. . ° K - + n + g .
b (7 e i L L 198

. y .
l:__ o t__ + L. ._L. L .. CK 9 + (SLn + STO)CK (A.44)
t to(z, & & t L L

KL KL L L "L KL

1 the derivations depend on equations (A.32). (A.33), (A.36)
and (A.37).
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0 ° L, O
.I:_.. 8 .l.i'—..__—l . - ST(O - n)CT (A.45)
ty L oty

R
L. L -.—L- —I- s - ST(o - n)CK (A.46)
t 2, ar t T
KT LT KT

FL = CLo - (Syn+ STa)CL (A.47)
L

R

p_- = - Co, (SL“ + ST°)CKL (A.48)
K
L

K

" Selo - n)cq (A.49)
T

K

B ST(" - n)cK (A.50)

PKT T

ZL = - CLo_ *+ (S\n + S;0)C, (A.51)
L

kL . [

== -Co -1 (SLn + S-l-cx)CK (A.52)

{K . . L :
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K
—+ = - S.(0 - n)C (A.53)
T T

i

:
L

—— = = S¢(o - n)Cy A.54)
¢ T
Ky

Since the (w0 subfunctions are similar the demand

elasticities for the elementary inputs in the land subfunc-

tion are analogous to those corresponding to the labor sub-

function.



204

Appendix B. Additional Effects of Technological Change on
the Income to Individual Factors, the Functiona)
Distribution of Income, and the Employment of Factors

In Chapter II of the text some analytical equations were
presented which describe the effect of particular kinds of
technological chaﬁge on factor income, factor shares, and
- factor employment. The purpose of this appendix is to cém-
plete that set of equations.l/ Although the relations pre-
sented herein were not used in the research reported in the
text, they may be useful to the reader who is interested in
other aspects of the analysis, and may be of use in further
evaluating the results that are reported,

The Appendix is divided into two parts. The first part
presents the equations relevant to understanding changes in
the pertinent variables at the aggregate input level. The
second part pregents some additional material on changes ex-
pected in factor shares at the elementary input 1eve1si

The same notation is used as in the text and Appendix
A, with the following terms defined:
f(L*,Kf)L

~N
]

~N
-
n

g(T*,K¥),
the price index of Z,,

the price index of ZT’

l/The eQuat{ons are derived basically from material preserted
- in Appendix A. ) .
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SL and ST = the factor share of the aggregate inputs

ZL and ZT’ respectively,
c

and C = the factor shares of L and KL in the labor

L subfunction,

KL

C, and C = the factor shares of T and KT in the land

T KT subfunction, and

o is the elasticity of substitution between the two
subfunctions,

Changes Expected at the Aggregate Input Level
The effects of particular kinds of technological changes
on the respective aggregate relative factor shares to the

labor subfunction are given by

“LZL
arly
- — = CL(o -1) for the effect of a labor-augmenting
tL technical change,
a2y
arly
= CK (o0 - 1) for the effect of a laboresque
t L capital-augmenting technical change,
KL
oz
arly
—— = - C;(o - 1) for the effect of a land-augmenting
tT technical change, and
aLZL
arZy
=-CK (0 - 1) for the effect of a landesque capital-
t, T augmenting technical change.,
T

|
Since o 1s assumed to be less than one, a decrease in

the relative income position of the aggregate input in which
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a factor-augmenting technical change has occurred is to be
expected. The effect will be greater, the greater is the
share of the augmented factor within the correspénding sub-
function.

Similarly, the effects on the income to the aggregaté

factors from particular kinds of technological changes are

" given by
GEZL . l/. G;ZT C
L L
aLZL . .a+ZT
K K
L L
a2z .
L°L . . arl
i = " SqCy(o - m)s L = ¢ (spn + S0 - 1)
tT $ T'°T L
T
a’ Z asl
L°L . . - . T°T . -
: STCK (0 = n); - Cx (STn SLo 1)
K T tK T
T T

The size of the elasticity of demand plays an important
role in this case. If 1 > n > o, then the aggregate returns
will decrease for the aggregate input in which the factor-
augmenting technical change took place. On the other hand,

if n is sufficient]y greater than one, the positive output

l/n refers to the absolute value of the price elasticity of
demand.
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effect, measured by SL“ and STn, will offset the negative
effect on the quantity demanded due to the increase in the

‘quality of the corresponding input.

Finally, the effects on the employment of the aggregate
inputs is given by: |

2 1
-f—- = CL(SLn + STO) ’ E"" 2 - SL(O - n)CL
4 '-

KL KL

) ;

E— = - ST(o -rOCT; E— z CL(STn + SLo)

T : T

Z 4

'£_"' 3 - ST(O n) CK H E— = CK (STn + SLO)
KT KT

The equations above suggest that employment of the ag-
gregate input in which factor-augmenting technological change
occurred will {ncrease. However, the employment of the other
aggregate input will increase if n > 0. This implies that
the expansion effect through increases 1in outpu; (e.g.,
SLCLn) will offset the negative substitution effect (-SLCLo{.

Equations which evaluate the effect of exogenous changes
in fhe prices of the factors of production can also be derived.

‘The effects on relative aggregate input éhares for changes in

’
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each of the (four) prices are given by

2y L1 +2 - ar-2)=¢(1-q)
pL(E?Z?) pL(aL L - O T L 0

1 GLZL
— = c ] -
RC U AU

The crucial parameter is the inter-subfunction elas-
ticity of substitution, o, which is by assumption less than
one. Therefore, an increase in the price of an e1ementg%”
1npu} will increase the relative income position of the
aggregate input to which it belongs. On the other hand, tf
g > 1, more substitution will take place“and the relatiye
fncome position will reverse. '

The effect of changes in the price of inputs on the {p-=
come to the aggregate inputs can also be derived. Thesea
will be presented only for changes 1in EL and RKL;since ghgnggg
in PT and PKT have similar effects. The effects of changes
in PL-are given by
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aLZL Z

p

oty

= CL(] - SLn - STO), and = cLSL(O = n)’

L

while the effects of changes 1in PK are given by
T

a, Z a2
L L = - _.r-_I. 3 - -
T— CKTST(O n) and CKT(] STn SLo) .
KT . KT

Once again the critical parameter s n, given the
assumption of ¢ < 1, Therefore, {f the decrease in total
output, measured by SLn, combined with the low possibility
of substitution, ST°’ is not enough to offset the decrease
in the quantity demanded of the aggregate input due to an
increase in its price, then the return to the aggregate in-
put of the labor subfunction will increase.

The effects of the changes in factor prices on the
employment of the aggregate inputs can also be analyzed,

Again, given the symmetry between the subfunctions, the rela-

tions will be specified only for changes in PL and PK . For
T

the change in PL’

: 2,

— 3 - CL(SLn + STo) and E— a CLSL(O -n) .

PL L

For the change in PKT.

ZL ZL

Ky Ky
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The crucial parameter is again n. The only unquestion-
able result is the decrease in the employment of the aggre-
gate input represented by the subfunction when an increase
in price occurs. The effects on employment in the other

subfunction depends on n being less or greater than g.

Changes Expected at the Elementary Input Level

Most of the analysis at this level were presented in
Chapter Il of the text. What remains are the effects of
particular kinds of technical change on relative factor
shares within the subfunction, and the effect of exogenous
changes in factor prices on relative shares. The equations
are presented only for the labor subfunction, since they are
symmetrical for the land subfunction.

The effects of a labor-augmenting technological change

are given by

L'p
1 L ) = (o, - 1) + 25, (a
\ a - "'n)o
¢ KP, ¥ TP ¥ KP, L LhL
L L T
K’ P
1 Ky
T xr ) = - (o - 1)+ 25 G {e - m),
tL L T T'Kq
and
K2P
R Tp‘g ) TrKT —Tp)
+ K + LP, + K + TP
iL L L"K, T Ky tL L L7K, T
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The value of n again plays a crucial role, given the
assumption about the elasticities of substitution. If n < q,
there is only one unquestionable result: the relative share
of labor will increase. Expected changes in the relative
factor shares of the other elementary inputs are indetermin-
ate,

On the other hand, if n > g, then the unquestionable
result is that the relative income of the laboresque capital
will decrease, with the other being indeterminate.

The effects of a laboresque capital-augmenting technical

change are given by

L'pP

] L
—( ) s« (o, =1) +25¢C, (0 - n),
R KPPy * TPr + KPy L LYKL

K, L T

1 L
g x7r) ® (o - 1)+ 25¢C (0 -n), and
t L T T Ky L

K

Ko P

Ly T ) Ly o )
R P+ K P * KPy g LPL * K Py 1P

KL L T L L

« - (o = 1) - ZCKL(SLn + Sq0 - 1)

The analysis in this case is similar to that for the
labor-augmenting technological change. The corresponding
effects in the land. subfunction, with land-augmenting and
landesque-augmenting ' technological change, are analogous to

those discussed above.
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To evaluate the effect of changes in the factor prices
on relative factor shares, only the change in PL will be
consi;ered since the results for the change in the other

price§ are symmetric. The expected effects are

Ky - PKT) =(1-9)-2CS (6 -n),

KL Px
Y L )= (1 -0,) -2CS (0 -n), and
5 ‘TP ¥ TP, ¥ KiPy L LSL ’
L T
L TP ) = Lipp :TPPKT )
— s —\[P, + n
pL LPL + KLPKL + KTPKT pL L L KL T

= - (1 -0) -2(o - Sn - S50),

The size of the demand elasticity again plays an impor-
tant role in determining the direction of the expected changes.
A priori, all shares of the factors are indeterminate. If
n >0, the only unquestionable result is that the share of
the associated elementary input in the same subfunction will

increase.
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It should be noted that changes in factor prices are
similar, in their effects, to factor-augmenting technologi-
cal change. This occurs because an improvement in the qual-
ity of an input has the same effect as a decrease in 1ts own

price.
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Appendix C. Derivation of Alternative Expressions
for the Concepts of Economic Surplus

For part of the empirical work reported in this thesis
it was desired to have simple equations which could be used
to calculate separately the consumers' and producers' sur-
pluses and the total net gain from a technologically-induced
shift in the supply curve, given only the shift parameter
of the supply equation, observations on price and quantity
at an inftial equilibrium in the market, and estimates of
the demand and supply elasticities. The present appendix
is devoted to a derivation of such equations.

As indicated in Chapter II, the consumers' surplus
(Figure C.1) that results from a shift of the supply curve
(S to S') is measured by the area A + B + C, Producers' sur-
plus {s measured by area E + F - A, and the total gain is
B+C+E+F.L

Assume that the parameter shift is ks = PO-PZ/P.g/
Given this parameter, what 1s desired is an estimate of the

percentage change in price, P_ - Pl/Po' and an estimate of

]
the percentage change in quantity, kq 8 Q]-QO/QO. Since

l/Linear demand and supply curves are assumed throughout the
analysis.

g/This assumes a shift in the supply curve of the PO-P2
magnitude, expressed in percentage terms.
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Figure C.1. Consumers' and Producers' Surplus Given a Shift
in the Supply Curve.



216

Py-Py/Py-Pp £ /E+n, 1/ where E_ and n are the supply and

demand elasticities, respectively, then

PO'P]
]o Es
po'Pz Es+n *
]o
Therefore,
P -P E
o LI s
P s Eg +n

which is an estimate of the percentage change in price.

By definition the arc elasticity of demand {s:

Therefore, from equation (C.1) we have

E
a S
kg = " ksl =)

as an estimate of the percentage change in quantity.

l/For a derivation of this expression see Appendix D.

(c.1)

(c.2)
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Given equations (C.1)and (C.2), the consumers', pro-

ducers', and total surplus can be derived. The consumers'

surplus, (C.S.) is

C.5. = A+8B +C
]
where A + B = (Po'P])Qo and C = ?(Po’P]) (Q]-Qo) .
From equation (C.1) and (C.2) we can state that

K
- 2 -4
(PO Pl) P0 n

and
01-Q, = Quk,
Therefore,
2
k k
C.5. = PQy -3 + % PoQp 71

Factoring the above expression,

K
c.S. = HQ.POQO(I + 2k (c.3)

q

The total surplus (T.S.), is given by

T.S. = B+E+C+F

where
B+Es= (Po’PZ)Qo g

from the fact that the triangles P2 Z P4 and P° W P5 are

equal, and
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1
c = L (p,-P)) (Q)-0,)
and
F= g (P=P,)) (Q)-Q,)

Therefore,

T.S. = (Py=Pp)0y + 3(P -P) (03-0,) + H(P,-P,) (0,-Q).
Factoring (Q,-Q,) we have

T.S. = (P =P,)Q, + 3(Q;-Q,) (Py-Py+P;=P,).
Therefore,

T.S. = (Pg=Py)0Qy + (Qy-0,) (P -P,)

By definition of kg we have that (Po'PZ) 3 Poks' Then,
]
T.S. = ksPoQo + i ksPoonq .
Factoring, we have
]
T.S. = kP Q (1 + z kg) - (C.4)
The producers' surplus (P.S.) is given by
P.S. s E+ F - A,
which is equation (C.4) minus equation (C.3).
Therfore,
P.S. = kP Q (1 +X%k.) - %q P Q.1+ %K)
i s 0%0 Z "q n ' o%o Z "q’
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Factoring,

K
P.S. = P Q{1 + ‘? kg) (kg - 4). (C.5)
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Appendix D. The Relative Change in Price from A Shift In
the Supply Schedule

Let us assume that y = f(P) is the supply function, SS,
in Figure D.1, and y = h(P) is the demand function, DD. At
point Z in Figure D.1 the equilibrium condition is f(P) =
h(P).

Figure D.1. Relative Change in Price Induced by a Shift in
the Supply Function.

Now, assume that the supply schedule shifts down K.
units per unit of output. Therefore, the price for each
quantity in the new supply function is P - K = P'. Thus,
the supply function, S'S', is Y = f(P').

Therefore, given the demand function, y = h(P), the new
equilibrium price can be determined as a function of K from

the following system:
f(P') = h(P) (D.1)

P=P'+K (p.2)
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Totally differentiating this system we have:
fp' dP' = h dp (D.3)
dP = dP' + dK (D.4)

where a subscript represents the first derivative, e.q.,

f o oa df(P
. —aér—l .

By substituting dP' from equation (D.4) into (D.3) we obtain:

' =
fp (dp - dk) hde
or

B = '
,(fp hp)dP fol dk

Therefore,

i (0.5)

P

At the starting point, {.e., before any shf*;, we had
that P' = P, Therefore, ;

v e L
f Es 7 (0.6)

and
hp = -ng . . (0.7)

where Es {s the supply elast1c1ty and n is the posit’ve
(absolute) value of the demand elasticity. Moreovetg at
point Z in Figure D.1, the equilibrium condition 1s°

Y, = f(P) = h(P). Thus, since dP/dK {is the change in price

- t
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due to the shift K in the supply function, it follows that:

. ) ...‘ _E ‘.. .
P . s

(=8
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Appendix E. Description of the Data

The selection of data series to represent the theoreti-
cal constructs of the economic as well as the econometric
models frequently involves the compromise of an ideal. Data
collection is usually guided by a different concept than
that used in the model. Moreover, difficulties in measuring
a concept, no matter how defined, often present problems.

When relying on secondary data, the best that can be
done is to delineate what an optimum measurement concept
would be in terms of the theoretical model, discuss the al-
ternative measures avajilable and contrast them to the opti-
mum, and then indicate which data series is used in the

model. This {s the principle underlying this appendix.

Employment in Agriculture

Due to the seasonality of agricultural production, a
measure of the labor resource that does abstract from num-
bers of people 1s more meaningful as a measure of the labor
resource,and is the concept used 16 this thesis., Employment
during the slack season is frequently much less than what it
is during the peak season.

However, the data available are estimates of the agri-
cultural labor force from the 1950, 1960, and 1973 census,
tcgether with estimates of fheir annual rates of increase.

Therefore, to estimate the total labor {nput into agriculture,
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the assumption that each member of the labor force worked an
average of 150 days a year was made. It is difficult to
say if this assumption over- or under-states the labor input,
since data on agricultural employment in the aggregate and
on seasonal unemployment are not available.

A final criticism of the data series is that it makes
no allowance for differences in the quality of labor services
rendered by members of the labor force. Children 10 years
of age are treated equally with men 30 year§ of age, for
instance. A more desirable concept of labor would be one in
which the labor was standardized for differences in age, sex,

training, and education.

Wage Rate

The concept of a wefghted average of all types of wage
rates would be the ideal to be used in this study. However
it is not possible to construct such a wage index, nor was
a series of wages by state or by region available. There-
fore, the daily agricultural wage paid in the state of Sao
Paulo was used. However, this definition s consistent with
the definitfon of the labor resource used that was defined

above, except for the limitation in its geographic ccverage.

Laboresque Capital
The definition of laboresque capital should include atll
types of capital which are close substitutes for labor. This

would include specialized machines and other forms of capital



225

for land preparation, planting, weed control and harvesting.
However, the only form of capital that has been increasing
in use and employed more widely is the tractor. Moreover,
this 1s the only form of capital for which a data series

is available.

The measurement of the flow of services,given, for ex-
ample, {in tractor hours used, would be an acceptable
definition. However, such data were not avafilable. There-
fore, the flow of services was defined as the rate of de-
preciation of the stock, plus an opportunity cost.

Actual depreciation may vary according to the extent
that repairs and maintenance services vary with the level of
industrialization of a state. No data were available to
make this kind of adjustment, however. Therefore, a flat
20 years 1ife per tractor was assumed.

The opportunity cost under the assumption of a perfectly
operating capital market should be the prevailing interest
rate. However, since there exist imperfections in the
capital market, especfally for financing tractors, where
there are government interventions, a "true" interest rate
was not avaflable. Therefore, a 10 percent rate was arbi-
trarily assumed.

Data on the stock of horsepower were available. This
concept i1s an improvement over the simple stock of tractor
units. It allows for some quality adjustment, while repre-

senting a more appropriate estimate of the flow of services
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available.

Both concepts were used in estimating the parameters.

Rental Price of Capital

The tractor rental price (PKT) is equal to the capital
cost of a tractor (P), times the interest rate (r), plus the
depreciation rate (d), plus the varfable costs of tractor
use as a percent of.capital costs [(v):PKT=P(r+d+v)]. An-
other alternativg definition of the rental price would be the
price charge per unit of time in the market.

Since no data were available on the interest rate,
depreciation, variable costs, and rental price in the market,
the rental price of a tractor was taken as the capital cost
of a tractorl/ times the "depreciation' rate defined above
(5 percent), plus the "interest rate" defined above (10 per-
cent), [PKT=P(r+d)].

The same criterion was used on the horsepower data, i.e.,

15 percent over the horsepower cost.

Land
The varfation in land quality is well recognized. There-
fore, to define an index of land used should carry some qual-

ity adjustment. Classification of the land should be made,

l/The basis for the capital cost was the Fordson 42 horse-
power tractor for the 1950 decade, spliced to the Massey-
Ferguson 50X, which has a 44.5 horsepower motor.
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and class weights should be given in order to have a "true"
aggregate of land.

However, when a country is taken as a whole, this is
almost an impossible task, especfally in Brazil, where a
complete soils map for the country i1s not avaflable. There-
fore, the land area harvested was the only available data on

land area devoted to crops.

Land Price
A rental ﬂrice of land series as well as a market price
has only been available in Brazil since 1966. This did
produce a shortcoming in the test of the model of this
thesis. In other words, it forced the use of an alternative
specification of the land subfunction models in order to

estimate the relative parameters.

Landesque Capital

The definition of the substitutes for land would include
capital invested in land and water resource development, in
organic and inorganic sources of plant nutrients, in new
biologically efficient crop varieties and in chemicals to
control insects and diseases. These are the whole package
of substitutes for land. However, in Brazil data are not
available which account for all these kinds of capital.

The alternative was to take the use of chemical ferti-
11zers as a proxy. The series available is by plant nutr{-

ent (nitrogen, phosphorous, and potassfum), and their
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aggregate., Such aggregation carries the assumption of per-

fect substitutibility among the nutrients.

Fertilizer Price
The data series available refer to the price for Brazil
per unit of nutrient. The price of the aggregate is a

weighted average of these prices.



Appendix F.

Data

Series Used in Estimation of the Labor and Land Subfunction

Table F-1. The Data and Variables for the Regression of the Labor
Subfunction, Brazil, 1950/1971.
TRACTOR
B or Soch vatveor center  Trans s
Tractort/ :::::;: ®'  Tractor over LaborV Tractord Tractor ever Lador Vage
Year Lador " Stoct Stock Lador De~ang Vage Price Price
Devang? 1crs) (¢rs) &t (Crs)  (Cr$) (Crs)

1983 1,543,894,800 $70.84). 85,626, 1s10°" .024 39 $.85 243,78
1981 1,%70,141,050 1,069,496, 160,42¢. l;lc" .027 43 6.45 238.85
1952 1,596,833.420 1,518,608. 227,710, l;ln" .034 49 7.38 216.18
1953 1,623,979,659 2,812,048, 421,807 Jllo-‘ 037 89 13.38 350.8
1954 1,651,937,30) 6,552,470, 82,871, c.lo" 049 158 23.28 474.49
1958 1,.679,664,300 10,011,100, 1,501,665, !-lo" .060 220 33.00 $50.00
1956 1,.708,218,.600 11,600,018, 1,740,002, lo-lo" .063 248 36.78 583.33
1957 1,737,2%8,320 13,879,720. 2,081,958, 1221074 .076 2¢ee 40.20 $28.9%
1958 1,766,791 .650 15.379.728. 2,3C6,959. l:-lo" .082 273 40.9$ 499.39
1959 1,796.827,050 36,496,848 $.474,527. 3021074 .103 628 94.20 914.56
1960 1,824,450,000 448,494,808, 6,674,221, 37!]0.‘ .119 €55 98.2% 89).18
1961 1,837,221,1%0 $5,146,360 8,271,95¢. asa107¢ AN 760 114,00 666.67
1962 1,850.021,720 115,258,874, 17,288,831, 9110-3 254 1,478 221.70 872.83
1963 1,863,032,29%0 261,138,903, 39,170,838, 2]!]0-3 .398 3,080 462.00 1.160.80
1968 1,876,073,55¢ 612,269,02). 91.840,335). 40110-3 814 6.519 977.85% 1.,201.29
196S 1,889,206,053 9133,127,529. 139,869,129, 74!'0-3 1.5¢7 9,588 1,433,258 926.47
1966 1,952,435.50¢C 1,129,550,360 169,432,554, l’l|0-3 2.on 11,061 1,659.18 801,13
1967 1,915,7¢7,5¢) 1,432,838,691. 216,927,304, l‘zllo-, 2.538 13,738 2,060.25 811.7¢6
1968 1,929,157 ,650 1.828,819,572 276,322,936 “leﬂ-, 3.700 16,724 2,%508.60 678.00
1989  1,942.661,8%) 2,255.038,954. 338,.255.84). l’lllo-, 4.08) 19,788 2,967.7% 727.20
1970 1,962,707,.7%9 2,384,625,908 357,691,886, ‘.lllo., $.51 19,436 2.915.40 529.00
1977 1,974,432,750 2.939,637,656. 440,945,698 221!]0.3 7.on 21,223 3,183.48 450.21

62¢


http:3.183.4S
http:2.939.637.66
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http:2.508.60
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http:1.932.43
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Table F-1. Continued.

NORSEPOVER
fatfe: fatgte: 132
- Norsepower llorn.o.urg S Perceat of ::‘::r::::-cr
Year Ioa:::nr’/ ::::.:“" :E:S 'f;::::"' Lador Price
(%0.) K/t (crs)

150 .
195 )
19852
1953
195¢ ) .
1958
1936
1987
1958
1939
1960
196
1962 3,059,494, 17m0°t 40.60 2.03 7.99
196 3,457,840, 191074 73.%0 3.68 .23
1964 4,008,622, 20! 18.90 s.98 R 1)
1968 4.269,700. 2a0°* 173.20 .66 5.60
1966 4,602,022, 2¢010°4 196.30 .82 R
1967 4,765,206, 252164 232.30 12.64 6.9
1962 $.,185,401. 271074 364.80 18.2¢ 693
1969 $.870,962. 2011074 343.60 1708 “n
1970 6,187,630, 32210°4 358.00 17.90 3.2
1132) 7.239.373. Y T 3nd 402.50 20.13 2.88

(1] %4



Table F-1. Continued.

glLabcr was evaluated in the following way: Given the labor force it was assumed that
each worker was employed 150 days a year.

nghe tractor stock was based upon the estimate of tractors, excluding micro-tractors,
with the 1950 census as the base of the estimate. Then a declining balance (a five
percent rate) method of treating depreciation and the import and domestic sales data
were used to obtain an estimate of the tractor stock excluding micro-tractors. See
Sanders (Table A-1) for further detail.

£/The labor wage was the Sao Paulo daily worker paid fn cash.

g/This is the purchase price of the “Fordson" 42 horsepower tractor in the period
1950/1961. From 1962/1971 it is the purchase price of the "Massey-Ferguson 50X*,
which has a 44.5 horsepower motor.

E/The average horsepower of the Sao Paulo tractor stock was used to estimate the

average horsepower of the total Brazilian stock (in the 1960 census Sao Paulo had
44 .3 percent of the tractors in the country).

ilThe horsepower price was obtained by taking the median purchase price of one

representative factory and dividing it by the weighted (by sales) horsepower of
their basic model. See Sanders (Tables A-5 and c-9).

Source: Sanders, John H. "Mechanization and Employment in Brasilian Agriculture,
1950-1971. Unpublished Ph.D. Thesis, University of Minnesota, 1973.

Fundacao Getulio Vargas - 1950, 1960 and 1970 Census.

Lee



Table F-2. The Data and Variables for the Regression of the Land Subfunction,
Brazil, 1950/1970.

Fertilizer Consu~otion Fertiltizer ser Cred Ares {tg/Na) Deflated Fertilizer Priced’
(oetric taas of ~y2rieats) (Xe/7) (Cr3/retric tar)(P,)
Teer ::::0‘::3 Vitrozea Padsd93ess  Pitsttiye \-:::r-tl Ritrcgzen PAOspsorus  Petatsiun .\-:‘;]ﬂ’.l Nitez39a Pad33m0rss Potestiem ":::'"'
1930 19,100 14,20 $3.80) 23,539 83,532 142 2,659 1.232 4.432 PER NN T 233.24 168,48 298,47
1991 l..ll)i’ 18,630 73,63 28,730 120,99 .948 3.8 1.494 6.293 1%9.0 228,739 312.0¢ 188.48
111%4 l’.”l‘-’ 10.600 46,933 135,339 72,839 .347 2.420 189 3.73%¢8 291,39 17¢9.62 58.21 212,18
198) 19,663 20,699 64,830 31,230 116,639 1.043 3.238 1.587 3.2 312.58 178.3¢ 3.0 231.48
1984 20,944 17.800 77,430 28,320 123,80 .850 3.69¢ 1.38% 3$.897 359.%2 207.78 335.60 231.30
1938 21,827 22,99 88,639 49,500 161,000 1.047 4,050 2,263 7.3%2 3. 191.29 16.27 248.79
1936 22,792 30,200 93,530 41,530 163,303 1.328 4.102 1.82% 7.253 259.38 176.58 253.83 211.3¢
1987 23,30) 28,630 118,738 63,200 207,393 1.227 $.094 2.583 §.9C¢ 79.77 169.2) 232.0% 201.63
1958 23,702 41,400 141,30 63,030 289,73 1.787 §.04¢ 2.742 10.338 349.74 187.66 217.9%2 22.
1959 26,773 44,30 124,030 $7.430 226,200 1.808 $.00% .07 9.0 2%0.36 14218 253.43% 191.9¢
1960 26,370 64,700 127,730 106,330 298,709 2.4%4 4.843 4.0 "2 328.77 87.97 388.7¢ 332.60
196} 27,329 $6.830 118,420 71,920 247,100 2.078 4.332 2.6 .02 449.0¢ 397.91 $31.16 365.69
1942 28,506 $0.93) 117,530 68,400 236,800 1.78¢ 4122 2.399 8.307 $27.%1 369.72 $87.9) 466.47
1963 29,842 63,200 156,83 92,100 314,009 2.188 $.2%4 3.08¢6 10.922 351.4) 271,86 384.38 21.82
1984 30,773 30.802 135,120 49,600 235,400 1.6%1 4.3%0 2.262 8.299 433.17 274.49 472.5% 364,52
1943 32,609 70,600 120,100 99,700 290,400 2.168 3.68) 3.087 3,908 . 461.60 238,41 . 472.64 pLANS 19
1966 31,450 7,100 116,600 $3.330 28,130 2.26) 3.707 2.967 8.938 ! 301.87 195.46 290.69 254.32
1967 32,753 101,400 204,600 136,900 464,990 3.187 6.247 4.180 11.583 s 161.50 186.3% 180.69
1948 33,364 144,300 273,100 184,390 601,700 4.299 s.i37 s.40 17,927 193.00 1$5.00 193.00 17578
1969 34,378 164,400 263,700 200,330 630,400 4.7%4 $.732 $.793 18.201 180.20 149.54 196.07 172.32
78 35,892 27%.900 415,900 306,730 928,502 7.687 11,588 8.3543% 27,820 161.63% 139.91 184,08 161.00

Source: Appendix E of Nelson, William Charles, "An Economic Analysis of
Fertilizer Utilization in Brazil. Unpublished Ph.D. Thesis, The Ohio
State University, 1971, and Fundacao Getulio Vargas, Anuario Estatis-
. tico, various issues.
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