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CHAPTER I

INTRODUCTION

The Problem

During the past two decades, most vublic decision makers
throughout the world have been preocccupied with economic
development., This is especially apparent in the under-
developed nations where economic develoument is a paramount
political issue. The earlier attempts to put backward
countries onto the road of development were based on fast
industrialization, usually without regard to the development
of the agricultural sector as a necessary part of the |
overall growth effort.

In the late forties, when the underdeveloved nations
of the world set out to increase their rate of economic
growth, they looked upon the rich nations as their basic
example and in so doing, defined economic development as
the continuous increase in gross national product. The
setting of an increasing gross national product as the
orimary objective of development led to.a series of policy
decisions, that at the time, not only seemed logical but
were proclaimed as rational by academicians and politicians

alike. Among these were the decisions to pursue import

1
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substitution industrialization, to drastically reduce inter-
national trade, and to maintain low prices for agricultural
products Iin order to reduce wage costs in the industrial
sector. These decisions on the whole, were very detrimental
to the development of the agricultural sector.

In a large number of countries this approach to develop-
ment lasted until recently. During the past decade however,
a growing awareness of the inadequacy of these policies has
brought about some change in the direction of the economic
volicies. The case of Brazil is very illustrative. Until
the early sixties, the country was pursuing a developmental
strategy based exclusively on import substitution industri-
alization., Recently, while still giving incentives to
industry, the central government has strongly supported
incréases in exports, productivity, and production in all
sectors of the economy. This more balanced approach to
development has benefited agriculture somewhat. The goal
of development, however, still remains the same; increased
gross national vproduct.

¥nhen the objective of develooment is defined as
increased gross national product, auestions such as equity,
income distribution, and opportunities for the lower income
classes are usually put aside. Furthermore, in agriculture
this objective usually results in vpolicles oriented toward
the commercial sector of agriculture., This sector in the

underdeveloped world usually consists of the large



nlantations or large livestock farms. The underlying
reason for this orientation is the assumption of existing
economies of scale or size on these farms.

In Brazil this approach to economic policy has resulted
in a series of policy options and a changing focus for
policy over the past twenty years. The policy options
selected appear to be benefiting almost exclusively larger
farms.l Examples of these policy tools are numerous:
highly subsidized credit for "modern inputs” minimum prices
considerably above world prices for certain crops (especially
wheat); and highly favorable financing arrangements for
the acquisition of machinery and for pasture improvement,

“nile Brazilian agricultural policy durinz the past
twenty years has emphasized the above policy tools the
focus of this policy has been geared generally to the

solution of a series of supply crises that plasued Brazil

1J. J. C. Engler, "Alternative Enterprise Combinations
Under Various Price Policies on Wheat and Cattle Farms in
Southern Brazil,” unpublished Ph.D. dissertation, Department
of Agricultural Economics and Rural Sociolegy, The Ohio
State University, 1971. 3., P. Rao, "The Economics of Credit
Use in Southern Brazil,” unpublished Ph.D. dissertation,
Department of Agricultural Economics and Rural Sociology,
The Ohio State University, 1970. «. C. Nelson, "An Economic
Analysis of Fertilizer Utilization in Southern Brazil,"
unpublished Ph.D. dissertation, Department of Agricultural
ffconomics and Rural Sociology, The QOhio State University,
1971, Norman Rask, R. L. Meyer, and F. C. Peres, "Credito
Agricola e Subsidios a Producac como Instrumentos vara o
Desenvolvemento da Agricultura Brasileira." Revista
Bragileira de Economia, No. 1/73.




during the fifties and early sixties.2 Winenever there was
a supply crisis in the agricultural sector which interfered
with the industrialization process the government acted
to resolve the crisis, by definition a short run difficulty.
To resoclve crisis it.is necessary to operate mechanisms
that react quickly. To a large extent that was the reason
for the use of market incentives. FPolicies that operate
through the market (i.e., price, credit, tax incentives,
marketing vpolicies) have rapid reactions as contrasted
with policies that change the structure of agriculture
(i.e., infrastructure, land reform, research, education).
Recently, the government has changed the direction of
the general economic policy to one of expansion of pro-
duction, productivity and exports. The expansion of
production requires increases in capital, better technology
and widespread access to low cost modern inputs. In an
attempt to accomplish these chanzes heavy reliance is again
being put on market incentives although there is considerably
more emphasis on the structural aspects specifically

education, research, and extension.

2D. #. Adams, "Agricultural Development Strategies in
Brazil, 1950-1970," Economics and Sociolozy Occasional
Paper, Department of Agricultural Economics and Rural
Sociology, The Ohio State University, September, 1$70.
3. E. Schuch, The Agricultural Development of Brazil, dew
York Praeger Press, 1970. G. W, Smith, "Brazilian Agri-
cultural Policy," in the Economy of Brazil, H. Ellis (Ed.),
University of California Press, 1969,




Now, as earlier, it is apparent that the rationale
for heavy reliance on market incentives is based on an
implicit assumption of economies of scale in 2Brazilian
agriculture, that is, it is assumed that large farms are
in general more efficient than small farms., A striking
example of this assumption is the recent policy decision
to finance, again at very favorable rates of interest,
the amalgamation of sugar cane farms so that the smaller
farms can achieve an "economic scale of operation.”

A close lookx at the meaning of economies of scale as
defined by Brazilian policymakers would seem to indicate
a confusion between economies of size, as defined by the
economies resulting from the increase of one factor of
oroduction, namely land, and economies of scale as defined
by the economies resulting from the provortional increase
of all factors of production,

While these policies which implicitly assume economies
of scale have been in operation now for several years,
little research has been undertaken to verify the assumptions
on which they are based or to test the consequences of their
use. For example, information is needed on which types of
capital items have been accumulated recently on farms in
éesponse to these policies, Has this varied by farm size

and enterprise? Second, if the accumulation occurred

primarily on the larger farms, was it due to agricultural



policies or to the fact that the larger farms are more
efficient? Third, are there economies of scale in Brazilian
agriculture? If so, in which farm types? This study is
orimarily concerned with these questions, since improvement
in the formulation of future policy criteria can only be
achieved through better information and knowledge about the
current agricultural structure and the consequences of
alternative actions., The analysis will focus on resource
allocation and accumulation under the given policy matrix;
on the effects of policies on the productivity and economic
efficiency of production inputs; and on the determination
of the extent of economies of scale on farms of a given

region of Bragzil.

Objectives

The objectives of this study are twofold:

(1) to analyze the process of capital growth at the
farm level in the state of Sao Paulo during the
past eleven years (1960-1970) including:

- interaction of govermment policies and growth

- which farms have been more directly affected
by these policies

- an assessment of the probable effects of
the continuation of these policies on the
farm structure of the study area

(2} to determine if economies of scale exist within



the farm enterprise and size structure of the
sample region,
The second objective will focus on the scale impact

of agricultural policies on farm resource organization.
An optimal farm crganization3 will be determined and the
deviations from this optimum will then be compared with
the eleven year capital growth analysis. This integrated
approach will permit an evaluation of agricultural policies
in relation to farm growth, rroductivity and resource

adjustments,

The Area and its Agricultureu

The area chosen for this study is situated in the
rnorth central part of the state of Sao Paulo, Brazil. The
ma jor urban center of the area is Ribeirao Preto, a city
with a population of over 200,000 veople. The city houses

the headaquarters of the regional extension office having

3Optimal farm organization is here defined as being
that farm organization that given constant factor prices
and the existing technology, produces at the minimum
roint of the average cost curve.

4A more complete and detailed description can be found
in Perroco, et. al, Aspectos Economicos da Agricultura na
Regiodo de Ribeirao Preto, Ano Agricola, 1969-70, ESAL/USE,
Piracicaba, November, 1571, And K. L. Wessel and &. 2.
Nelson, Methodology and General Data Description: Farm
Level Capital Formation in Saoc Paulo, srazil, Department
of Agricultural Economics and Rural Sociology, Occasional

Paper No. 47, The Ohio State University.




responsibility over eizhty “municipios."5 These municipios
comprise an agricultural extension administrative region
officially known as "Divisao Regional Agricola de Ribeirao
Preto" (DIRA),

Three main factors were decisive in choosing this
arsa for the present study. First, there existed sufficient
farm diversity to represent vpolicy impact on various
resources and enterprise situations; second, the area is
representative of the major aszriculiural systems in the
state of Sao Paulo and third, it is a rapidly growing
azgricultural production area.

The rezion chosen has approximately 14 percent of
the total area in farming in the state of 3ao Paulo and
about 10 percent of the total number of farms. The range
of farm sizes in the region is similar to that of the
entire state of Sao raulo. (Table 1) The area is zlso
representative of the major agricultural enterprises of
3a0 Paulo (Table 2).

There are 21 soil tynes in the region. Five of the
most important types, however, are found on 86 percent of
the total land area. Of these, the soil known locally
as "Terra Roxa Legitima" makes up 47 percent of the area.

This so0ll is hizhly fertile and extremely favorable for

5I‘»'Iunicipio 1s a political subdivision egquivalent
to a county.



Table

Comparison of the Distribution of Rural Properties in
the State of Sao »aulo, The DIRA of Ribeirao rPreto

and the Sample Farms According to Size - 19692

Properties Area
Hectares Kumber rercent Hectares Percent
{Estate of Sao Paulo)
-30 186,005 53 1,991,763 9
31-200 29,777 30 650,377 29
200- 20,186 7 13,919, 594 €2
Total 295,568 100 22,561,456 100
(DIRA -~ Ribeirao Preto)
=30 12,162 45 146,806 5
31-200 11,403 42 S01,666 27
200- 3,719 13 2,260,766 63
Total 27,284 100 3,329,243 100
(Sample Farms)
-30 £9 15 1,372.4 2
31-200 180 L7 15,404,1 19
200- 183 35 62,899.4 79
Total 322 100 79,765.¢ 100
Source: Anuarioc Estatistico, Sec, de Economia e

Plane jamento, Sao Paulo, 1969, vaze 43 and
preliminary analysis of field data, 1970.

21970 for the sample farms.



Table 2

Area and Production of Selected Agricultural Products in the State
of Sao Paulo and Ribeirao Preto Region, 1970

sao Paulo Ribeirao Preto Area

Rank Within Rank wWithin
Area Production Brazil Area Production 3a0 Paul%
Crops (Ha,) (Tons) in Area2 (Ha.) (Tons) in Area
Beans 230,933 128,237 7 16,2138 5,820 L
Coffee 762,325 732,000 2 64,400 33,000 3
Corn 1,317,595 2,114,931 3 271,863 390,000 2
Cotton 469,767 551,493 1 76,690 115,050 1
Lemons 1,930¢ 2,570d 638 963,0004d &
Peanuts 479,193 565,772 1 33,928 40,700 3
Oranges 82,996 6,305, 544 1 13,954 585,320 1
Rice 709,017 774,097 4 181,330 132,000 2
Soybeans 47,121 61,010 3 b2,471 54,600 1
Sugarcane Log,?04 25,837,374 1 197,327 9,354,000 1
Tomatoes 15,400 391,000 1 5,183 124,500 1
an,

There are 22 states within Brazil.

bThere are nine regions within the state.

©1,000 plants/hectare.

]

“3oxes of 40 kz.

(1) Anuario Estatistico Do Prasil, Instituto Srasileiro de Estatistico,
(I3GE), Rio de Janeiro, 1970, and (2) Anuario Estatistico De Sao Paulo,
Secretaria de Economia e rPlanejamento, Departmento de tstatistico, Sao
rFaulo, 1970.

Source:

0T
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the production of crovs such as coffee, cotton, sugar cane,
rice, and corn. The remaining soils are somewhat less
fertile and are devoted to the production of crops such

as clirus, pineapple, peanuts, and bananas.

The topogravhy of the region is generally favorable
for agricultural oroduction with gently rolling hills andg
altitudes varying from 300 to 1,000 meters.

About 50 percent of the region is classified as having
a moderate climate with dry winters. The average temperature
ranges from 1800 to 2209C, and rainfall varies from 1,100
1o 1,700 millimeters annually, falling below 30 millimeters
in the driest month. About 30 percent of the area is
considered to have a tropical humid climate with rainfall
ranging from 1,000 to 1,300 millimeters and with temperatures
about 22°C in the warmest months. The remaininz 10 percent
of the region has a moderate climate with temperatures
ranging from 16.59C to 229C with a rainfall from 1,300 to
1,700 millimeters,

Nine municipios were selected as being revresentative
of the region., The cholice was made on the basis of available
agricultural data information and knowledze of local exten-
sion personnel., Within the region, sub-areas represent
specialization in perennial crops, annual crops, livestock
and general farms.

The municipios of Sertaozinho, Pontal, and Batatais

were chosen because of theilr specialization in perennial
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crops (the first two beinz in sugar cane and the thirg in
coffee). Guaira, Jardinopolis, Sales de Oliveira, and
Altinopolis were chosen because of their specialization

in annual crops and Barretos and Colombia because of their
specialization in beef production.

liechanical technology is intensively used throughout
this region; the larger farms using mainly power equipment
and the smaller farms using mostly animal equipment. In
both cases the mechanical Technology is restricted to langd
preparation and tilling, with little harvesting equipment
being used. Chemical technology 1s common with respect
to fertilizers and pesticides. Herbicides are rarely used.
ilodern management methods including cost accounting is
restricted to a few of the very large farms.

The overall agricultural policies of Brazil are in
full effect in this region. These are minimum nrices for
practically all crops grown, and subsidized credit for
machinery, pasture improvement and “modern inputs" especially
fertilizer. Also, svecific crop policies are in effect
for crops such as coffee and sugar cane. In the case of
coffee these policies include highly subsidized and long
term credit for new planting and minimum oprices closely
related to world prices.

For sugar cane they include production quota allotments,
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minimum prices calculated on a cost plus »rofit basisé, and

subsidized credit for farm consolidation,

sSource of Data

The basic farm data were obtained through a farm
survey carried out in the study areas during the month of
July, 1970. The questionnaire used included aquestions on
cash flow, inventories, production, production practices,
use and types of credit, labor force, family size, educa-
tional situation, family consumption, use of family and
non-family labor, use of machinery, levels of technology
as well as questions on the history of acquisition of land,
machinery, livestoék, buildings and land and building
improvements.

From the land records of IBRA (Brazilian Agarian
Reform Institute) sample farms and alternates were randomly
chosen. The final choice of individual sample farms was
subject to the following criteria: (1) more than 50 percent
of the land owned was operated; (2) more than 5C percent
0of the land operated was devoted to one of the principal
enterprises in the region and (3) more than 50 percent of
the land was owner operated. 3ased on these sampling

criteria, 382 interviews were carried out during July, 1970.

6Pedroso, I. A. and D, K. Freebairn, "Food Crops vs.
Monocultural Cane - The Case of Piracicaba, Sao Paulo,
Brazil," Cornell Agricultural Bulletin, No. 13, September
1669, Cornell University, ithaca, N, Y.
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2ased on a prior knowledge of agriculture in the area,

the sample farms were divided irto four size groups as

follows:
Groun Hecltares
I 0.1 - 19.9 (small)
1I 20,0 - 49.9 (medium)
III 50.0 - 199.9 (large)
iv 200 - ( very large)

With the exception of the municlpio of Altinopolis,
farms in all four groups in each of the municipios had an
average of more land operated than owned. This would
indicate a2 net renting-in of land.

Approximately ones-half of the 382 farms in the sample
were owner operated. The small farms were almost all
operated by their owner. ©The large farms were operated
under various arrangements such as partnerships, owner-
operator, and other forms.

Enterprise classification within the sample was
determined on the basis of land use ratio and the relative
importance of various farm types measured in terms of income
share. The land use ratio eguals the quotient of cultivated
land divided by total land used (cultivated land plus
~natural pasture land). Based on these quotients four farm
types were defined. PFirst, livestock farms, land use ratio

smaller than 049 mecond, mixed farms, land use ratio
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greater than or equal to .25 and more than 50 percent of
the income 1s generated by livestock sales; annual crop
farms, land use ratio eauzl to or greater than .25, and
more than 50 percent of income generated by the sales of
annual crops; verennial crop farms, land use ratio egual
to or greater than .25, and more than 50 percent of income
Zenerated by the sales of perennial crops {sugar cane and
coffee).

The distribution of the sample farms according to

cize and enterprise speclalization is shown in Table 3.

Table 3

Stratification of Sample Observations by Farm Size and Type
.DIRA - Ribeirao Preto - Brazil, 13970

Farm Size -~ {(hectares per farm) P

Znterprise

Specialization® 159 55 0_49.9 50-199.9  200- Total

Livestock - 2 g 1l 12

Mixed 2 7 32 35 L

Annual 27 L3 82 £73 215

Perennial 14 23 27 13 79
Total 4s 75 150 112 382

Source: DIRA -~ Ribeirao Preto -~ survey 1970.

5ee text page 13 for explanation of criteria used to
determine farm type.

bFarm size is measured in hectares actually used for
crops or pasture.
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Analytical Procedures

I'wo methods of analysis are utilized in studying the
growth impact of policies on the farm capital structure
of this region. The first is an historical descriptive
analysis that traces the chansges in capltal use and
acquisition over the past eleven years, including land,
macnhinery, and improvements. Simple comparisons are made
between farm types and sizes on the timing and intensity
of capital acquisition and tne source from which the
capital was financed (i.e. savings, credit).

The second methodology is utilized to determine the
existence of varying returns to scale for the farms of
the region. Initially, a Cobb-Douglas Production Function
is fitted to three types of farms; perennial crops, annual
crops, mixed and livestock farms, and the resulis are
utilized to determine if different production techniques
and different sub-regions for vroduction exist within the
specified region. Secondly, 2 test is made to define the
existence of variant economies of scale for two types of
farm activities, annual crops and perennial crops.

The economies of scale analysis is done with the ald
of generalized production functions. These functions permit
the identification of variant returns to scale within a
production function and the identification of the optimum

resource combination.
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Once the farms with optimal resource organization
are identified they are compared with the farm organizations
ocutside the optimum range. The resource constraints that
must be relaxed to allow these farms to move to an optimum
organization are then identified.

A comparison of the economies of scale analysis with
the resource accumulation analysis permiits a critigue of
the general agricultural policies of the country in the
last eleven years. It indicates if the policies are
zeared towards making possible the expansion of control of
regources that are limiting the achievement of economies

of scale, or if they are in fact making it more difficult

for farms to reach an optimum scale organization,



HAPTER I1I
ANALYTICAL FRANEWORK

This chapter presents the two basic metnodologies
used 1in the analysis. The discussion begins with a brief
literature review followed by a statement of the hypothesis
to be tested. Next, the methodolozy used in the historical
description of the capital growth process on the farms is
presented. Thirdly, the methodology used in the ecornomies
of scale and productivity analysis is developed including
both the theoretical aspects and the rationale behind the
choice of this particular methodolozy. Finally, some
theoretical background for tests of differences in pro-
duction functions and a brief description of the variables

and economic and statistical models used is given.

Review of Literature

This section reviews briefly some of the major works
dealing with returns to scale and input productivity.

Specific studies dealing with variant returns to scale
in Brazilian agriculture are not available. However, a

considerable number of studies for individual crops using

13



a Cobb-Joupglas nroduction function with invariant retu na
to scale exists. OF these, the most zomprehenzivas is
Tline's work.l Cline uses an extensive sample oF farms
from the major agricultural aress of Brazil ani avalyvses
returns to scale for some of the major crops prodiucea in
“he country. Zxcept for two croos in specific lenation-s,
coffee in the state of Sao Paulo and sugar c¢ane In tna
state of Alagoas, the production functions show constant
returns to scale (the sum of the coefficients is 2348l o

-

one).

Cline analyzes returns to scale as a means -% pro-
Jecting possible consequences of land distribution ir
Srazil. Finding constant returns to scale in moe= of the
crops analyzed Tline concludes by indicatineg tha:t sizni-
ficant increases in oroduction would occur if land were
distributed in farms of a family size, because the smallor
farms use land more intensively. Employment also would
increase, since the family farms use labor more intensively.

Cline's methodology however may not be entirely
appropriate since it is not valid to arrive at conclusions
regarding the degree of returns to scale with an nvariant
returns To scale production function model. nils issue

ig discussed in more detail later.

A number of less extensive works for individual crops

lCline. . R., Bconomic Consequences of a Land Reform in
3razil, MNorth Holland Publishing Company, Amsterdam 1970.
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and/or individual regions are also available for Brazilian
agriculture. But as a rule they are either preoccupied
with cost of production or input productivity and do not
analyze economies of scale,

Cost of production studies are usually done by state
or regional institutions as the basis for government
supported minimum orice programs. Examples of this type
of work can be found in the veriodical "Agricultura em
320 Pau10"2 for various years and for several crops.

These studies arrive at a different cost per hectare for
different farm sizes and different tecnnologies of pro-
duction using simple cost accounting. In many cases
conclusions regarding efficiency of production as measured
by per unit cost of output are derived., In general these
studies cenclude that larger operations using mecharical
and chemical technology are producing at lower costs.

In all cases these studies use market prices and assune
them to be equal for all farm sizes which may cause

biased results.

The studies nertaining to factor productivity are also
fairly numerous and they always use a Cobb-Douglas pro-

duction function with invariant returns to scale. As an

“4 bulletin published monthly by the Secretaria
da Agricultura de 3ao Paulo, Zrazil.
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3

example, Bizerra's” thesis, which analyzes input-output
relationship for corn production in Suaira and Jardinopolis,
two of the municipios included in this work, is an inter-
esting case, Utilizing a Cobb-Douglas production function
Bizerra finds constant returns to scale for the production
of corn and variables such as cultivated land and operating
expenses explain most of the variation in production. The
highest values for marginal products are for cultivated
land, improved seed and operating expenses,

In other parts of the world, several analyses dealing
with the subject exist. In general however, they deal
with economies of size through use of either cost accounting
or simulation models, Raupa reporis briefly on several of
the studies for the U.S. Citing a work by Madden,” Raup
quotes, "In most of the studies, all of the economies of
glze could be obtained by modern and fully mechanized
l-man or 2-man farms."

The acre size involved in. these studies covered a
wide range. Based on tne conclusions summarized by Madden,

Raup indicates:

3Bizerra, J. V,, "Analige de Relacoes Factor - Pro-
duto na Cultura de Milno em Jardinopolis e Guaira, Estado
de Sao Paulo, ano Agricola 1969-1970." M.3, Thesis, ESALQ/
USSP, Piracicaba 1971.

uRaup, Philip, "Economies and Diseconomies of Scale of
Large Scale Agriculture," American Journal of Agricultural
Economics, Vol., 51, No. 5, December 1960,

5Madden, J., ratrick, "Economies of Size in Farming,"
USDA/AER Report 107, February 1947.
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In California cling peach production,
lowest average costs were achieved Dy orchards
of 90 to 110 acres, if mechanized., 1In market
vegetable crops, farms of 640 acres were almost
as efficient as farms up to 2,400 acres and
above, if use could be made of custom work for
field operations,

In other California field crops, lowest
average costs were attained by farms in the
600 to 800 acre range, producing some combination
of sugar beets, tomatoes, milo, barley, alfalfa,
and safflower. Average costs began to rise
slightly for farms of this type above 1,400 acres
in size, and (in anotner location) for farms
avove 3,000 acres in size, when cotton was
included as one of the crop alternatives. For
irrigated farms specializing in cotton, the
most efficient California farms required four
men and 700 to 1,400 acres (depending on soil
type). In contrast, Texas irrigated cotton
farms achieved lowest average costs with one-
man operation on 440 acres. For wheat in
Oregon, the one-man unit with 1,400 acres was
also as efficient as larger farms.

Yan Arsdall and Elder in Illinois used
a simulation technique and linear programming
to explore economies of size for cash grain
and hog-producing farms over a size range
reguiring one to six men, with various combi-
natiogs of four-, six-, and eight-row equip-
ment, Total acres ranged from 574 to 3,937
in the cash grain area and 355 to 2,104 in
the hog area. Gross income ranszed from
354,000 to 3438,000.

In cash grain production (corn and
soybeans) the efficiency reached by an opti-
mally organized two-man farm, using eight-
row equipment on 1,641 acres, was as great
as that achieved by larger farms of up to
4,000 acres, In hog production, lowest
average cost was achieved by a two-man farm
using six-row equipment on 716 acres., Farms
of up to 2,000 acres requiring a capital
investment of almost one million dollars were

6Van Arsdall, R. M, and ¥W. Elder, Economies of $ize
of Illinois Cash, Grain, and Hog Farms, Illinois Agri-
cultural Experimental Station 3ulletin 933, February 1949,
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included in the model.

In both cash grain and hog production,
the efficlency achieved by one-man farms using
eight-row equipment was almost as great as
that computed for two-man farms, leading Van
Arsdall and Elder to conclude that " esa@ny
size of farm considered in this study can
compete effectively with the optimal two-
or three-man units,"?

Although research methods and procedures
differ above a two-man scale of operation,
the studies show no significant economies or
diseconomies of_size throughout the size
ranges studied,

There are several studies dealing with economies of

-~

scale in industry. A monograph edited by HMarc Herlove,

by

or example, discusses returns to scale in electricity
zeneration in the U.,S,

For agriculture the only work known to the author,
using the same methodolozy as tne present study, is the

10 analyzes returns to gcale and

work of Salkin. Salkin
finds them to vary. Also ne calculates a minimum average
cost per unit of output for rice production in South

Vietnam to indicate the optimum farm size for an agrarian

reform program. The details of the methodology used by

5alkin are discussed later in this chapter.

7Van Arsdall, R. ®., and %W. Elder, op. cit,
8Raup, ®,, op. cit, page 1274,

9Nerlove, Marc, Estimation and Ideniification of Cobb-
Douglas Production Functlons, Rand MacNally & Company,
Chicago, 1965,

lOSalkin, Gary, "Optimal Scale in Rice Product;op in
South Vietnam," Second wWorld Congress of Economeiricians,
Cambridge, England 1970 (mimeo).
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The Hywvothesis

This study is concerned with three closely inter-
related aspects of agricultural vroduction, First - how
has capital been accumulated? On what farms and in what
forms? Second - do the production activities of different
sizes and tyves of farms utilize different technologies;
i.e, do tney have different production functions? Third -
if they do, are there different (variant) returns to scale
within each class of production technique?

These questions and their interrelationship follow
directly from the anticipated impact of agricultural
volicies to be analyzed in this study.

The specific hyvotheses are the following:

(1) It is hynothssized that policies have favored
specific farm size and type in the accumulation of resources.
Specifically the large farms (as measured by size of land
area) and the farms specialized in certain crovs (susar
cane and coffee) have had more opportunity to increase
resource control than have small farms and those specialized
in annual crops,

(2) The second hypothnesis is that the input-output
relationships are different for different regions, types
and sizes of farms.

{3) The third hypothesis is that there are invariant

returns ic scale within the same production function.
)
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However, 1if the third hypothesis is rejected, then
the returns to scale vary within the same production
function and there is an optimum input matrix which may be
reached either by relaxinz the constraints of resources
or by constraining the use of resources to pull back to
the optimum. In either case, the analysis will attempt

to identify the existence of variant returns %o scale.

If they exist, an optimum output level will be determined.
IT the returns to scale are invariant then there is either

constant returns to scale in which case any output is
optimum or diseconomies occur in which case the smallest
output is optimum,

This last aspect is of considerable importance to
nolicy analysis. As already indicated the implicit assump-
tion behind Brazilian agricultural developmental policies
is the existence of economies of scale or size in Brazilian
agriculiure and thus, the largest farm possible should
be the optimum farm organization. These assumptions
avvparently have blased policies to favor large farms and
certain types of agricultural activities.

The analysis of Chapter III will describe the resource
accumulation process for a period of eleven years for the
sample farms, The analysis of Chapter IV will identify
different technologies for each class of farm activities
and different regions. Subseguently, 2 test will be made

of the hypothesig of invariant returns to scale within each
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of the different classes of farm activities,

The liethodologies

The methodology utilized in the documentation and

comparison of the capital growth process (Chapter III) is

jo

escripiive and tabular trend analysis, Tabular Dresen-
tations indicating machirery and livestock investment,
overating exnenses, farm receipts and credit use on a per
farm and per hectare bvasis are utilized for comparison
across farm sizes and types on the intensity of use of
capital, both fixed and variabdle, and land.

Graphical analysis is utilized %o depict the path on
a2 per hectare basis of major types of investments over
an eleven year period., Investment credit use is also
analyzed through the use of graphs over the eleven year
period. Finally, changes in land ownership and control
are plotted for the eleven year period.

The methodology employed in Chapter 1V is an econo-
metric micro analysis of production. Both classical
Cobb-Douglas and generalized production functions are
utilized in the analysis.

Zeneralized productior. functions are used to test the
hyvothesis of nroduction relationships occurring with
Invariant returns to scale, Classical Cobb-Dourlas are
used for the constant returns to scale analysis. This is

due to the form of the Cobb-Douglas production function
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implicitly assuming constant elasticities of production and
of factof substitution,

For example, if a Cobb-Douglas function is fitted
to data derived from a sample of farms and the coefficients
of elasticities of production add to more or less than
one, there are imperfections in the markets and the Cobb-
Douglas is not the function that best describes the pro-
duction function for the particular sample.

Having, by definition, constant elasticities of
factor substitution, the Cobb-Douglas production function
assumes perfect market conditions for both the factor
and product markets and thus implicitly assumes that all
farms are operating at the minimum average cost per unit
of output.ll Also assuming profit maximizing behavior
the returns to scale and the elasticity of factor substi-
tution must be equal to one.

To overcome the rigidities imposed by invariant
returns to scale and unitary elasticity of substitution,
recent efforts by several authors have resulted in various
forms of more general production functions., Among these

are the constant elasticity of substitution function, the

llFor a complete description of the Cobb-Douglas
characteristics and limitations in the case of azriculture
see: Yotopoules, P. A. : Allogcative Efficiency in
Economic BDevelopment, Center of Planninzg and Economic
Research, Athens, 1967.
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class of nomothetic isoguant production function, transcen-
dental production function, the wvariable elasticity of
substitution production function, the generalized power

ovroduction function12

and the modified Cobb-Douglas produc-
tion function.®? A1l of these functions allow flexibility
primarily in tne elasticity of substitution but do little
to relax the other rigidities imposed on the input-output
relationship, an aspect of primary concern to this study.,
From a policy point of view one of the most important
questions is: are the returns to scale invariant?
Further, if they are invariant, do they represent decreasing,
constant or inecreasing returns to scale?
I, on the other hand, the production functions

exhibit varying returns to scale that is, some farms are

experiencing decreasing returns, others experiencing

12K. T. Arrow, H, 3, Chenery, 3. S. iinhas and R. R

Solow, "Capital-Labor Substitution and Economic Efficiency,"”
in Arnold Zellner, Economic Statistics and Bconometrics
(ed.) Little, Brown and Company, Boston 1988. 5. Clemhout
"The Class of Homothetic Isogquant Production Function,"
Review of Economic Studies, 35:91, January 1968; A. K.
Halter, H, 0. Carter and J. B. Hocking, "A Note of the
Transcendental Production Function," Journal of Farm
Economics, Vol. 39, November 1957,

1z, F. Ulveling and L. B. Fletcher, "A Cobb-Douzlas
rroduction Function with Variable Returns to Scale,™
American Journal of Agricultural Zconomics, Vol. 52, May
1970, and also: A, De Janvry, "The Generalized Power
Production Function," in American Journal of Agricultural
Economiecs, Vol. 354, No., 2, May 1972.
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constant returns and some increasing, the most relevant
question then becomes which ones are operating at the
optimum level of ocutput or in other words, at the point
of minimum average cost. If however, the production function
exhibits constant returns to scale for a group of farms,
one must still determine if all have the same level of
average cost ver unit of ou£put or different levels exist
although as a group they show constant returns. These
questions cannot be answered by the formulations discussed
above but can be answered (within certain limitations
imposed by methodological constraints) with production
functions that allow for variable returns to scale.

Such functions can be generated by first specifying

14

a returns to scale function. Salkin based on the work

15

of Zellner and Ravenkar specifies a returns to scale
function as:
A(Y) = Af(1-Y/K)
A (Y) is the degree of returns to scale of the
conventional production function (if the conventional

nroduction function assumes the Cobb-Douglas form, Af

is the sum of the exponents of the variable inputs). K is

luSalkin. J. S., "Optimal Scale in Rice Production in
South Vietnam," (mimeo)} paper presented at the Second
World Congress of Econometicians, Cambridge, England,
December 1970.

15Zellner, A. and Ravenkar, N. S., "Generalized
Production Functions," Review of Economic Studies, Vol. 36,
April 1969.
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an unknown parameter that sets a celling on output. As
output increases the degree of returns to scale monoton-
ically decreases.

Letting the production function take the Cobb-Douglas
form, for i1 = l....k inputs X, and ¥ equal to ocutput, then

i Loy 1/A . o
‘A(jT'Xiﬁ) J is an index of total cost where A is the

returns to scale parameter. Average total cost can be
éXpressed as Z2/Y where 2 = A(7% X?%)l/Aj and is constant
if Af = 1, Optimum output is indeterminate. If the
production function exhibits some returns to scale function,
e.g. A{(Y) = Af(1-Y/K), K an unknown parameter, then average
total cost becomes Z2/Y = (Y/(K-Y))I/Af, and optimum out-
put is determined by setting da(2/Y)/ay = (k:/Af_1)/(k-1)=0
and solving for optimum Y* = K{(Af-1)/Af if Af>1 and
K=>1.

3iven the above returns to scale function the gen-
eralized vroduction function can be derived asl”

. loz (Y/(K-Y)) = log Ao + igibi log Xjj

Ag is the scaling on technical efficiency parameter
and the b; are the elasticities of Y/(X~Y) with respect
to the X%5.

A second model used to investigate the possibility

of varyine derreces of returns to scale is derived from

l(:‘Zellner‘,, op. cit.
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the returns to scale function:
A(Y) = Af/(142Y)

n
where Af = = b;, and 2 1s an unknown parameter. If
i=1

Z >0 it is easy to verify that A(Y) is a decreasing function
of Y. However, Z is not restricted as long as 2« -1/Y,
i.e., the degree of returns to scale Y cannot be undefined
or negative. If the invariant returns to scale production
function assumes a Cobb-Douglas form, the Gerneralized
froduction Function takes the following formula:l?

zy _, .01 P2 b3 oy by

Note that if Z2<0, marginal products may increase,
if 2 = 0 the production function reduces to the Cobb-
Douglas form.

For this model the minimum average cost level of
output is calculated from:

y# = (Yf-1)/2

Test for Different Production Functions

Commonly, when analyzing production with the aid of
production functions, different enterprises and types of
farms are used as a single sample. 1If, however, these

farms are producing on different production functions the

17Ramsey, J. B, and P, Zarembka, "Alternative Func-
tional Forms and The Aggregate Production Function,” Econo-
metric Workshop Paper No. 6705, Michigan State University,
November 1967,
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estimates of the elasticities of production coefficients
will be biased. It is advisable, consequently to test
for different production functions for different type
and size enterprises. One test, for checking the equality
o the full set of elasticity of production coefficients
for two regression models, can be formed by takinz the
ratio of the sum of residuals of the two subsamples,

In the case of Cobb-Douglas production function in
the logaritnm form:

2 X
b; log X ;
2y °1 408 A

logz Yj = log A + i

1

let A 1 be a column vector }l = [loz A7 ]

B11
boy

Vil |

where subscript (1) indicates subsample (1), and

AZ = [log Ao ]
b1z

where subscript (2) indicates subsample (2) then the
null hypothesis to be tested is Hy: kl = A2 against the

alternative hypothesis Hj: Xl = Xz.
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If the null hypothesis is not rejected, the two

functions can be written as:

loz Yl = log Xl( 1) + El

where Xy is a (nxk)

log Xp( ,) + E,

matrix, with (n) number of observations

and X, is a {mxk) matrix, with (m) number of observations.

AT ratio is formed

+ C
n - 2x)

and tested against the critical value of F(k, m+n-2k, ),

where,
A - is the sum
pooled samples
3 - is the sum
subsample with

C - 1s the sum

of squares of the residuals of the
with (m*n) observations.

of squares of residuals of the first
(m) observations,

of residuals of the second subsample

with (n) observations.

K - is the number of independent variables in each

subsample including the constant term.

The Variables

18

Tne analytical work that follows is based on seven

18

For a detailed information see 5. €. Chow, "Tests of
Bquality Between Subsets of Coefficients in Two Linear
Regressions," Econometrica, 28, 1960, pp. 591-£05.
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variables. The dependent variable (Y) is gross output
and is defined as the sum of the values of crop sales,
livestock product sales, family farm privileges, hired
labor privileges, livestock inventory changes, and rental
payments made in kind minus livestock purchases.

The independent variables are six in number and are

defined as follows:t?
£1 - hectares of cultivated land
X2 - hectares of natural pasture land

X3 - man month equivalent of family labor utilized
in production

4, - man month equivalent of hired labor (both
temporary and permanent)

A5 - a 12 percent service flow of capital inputs
(machinery, buildings and livestock, both pro-
duction and work livestock)

L¢ - operating expenses,

The Models

fSconomic Models

Three economic models are used in this work. The

first is a production function of the Cobb-Douzglas

19For a complete description of the variables see
Appendix B.
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formula:

b1 bz b3 Dby Dbg Dby

#here ¥ is the output; X1, cultivated land; Xz,
natural pasture land; X3, total family labor; X;, total
hired labor; X5, flow of capital input; and Xg, operating
eXpenses,

The second economic model is composed of the returns
to scale function:

A(Y) = AF(1-Y/K)
where A(Y) is the degree of returns to scale at some level
of output, Y, Af is scale of the given neoclassical
nproduction function, K is an unknown parameter that sets
a ceilinz in output. From this function a generalized

oroduction function can be derived: 29

bl bz by by b5 by
Y/(E-Y) = AXS 3 ij X453 xuj x5j xéj

Yhere A is the scaling or technical efficiency parameter,
and the b; are the elasticities of Y/{K-Y)} with respect
to cultivated land, natural pasture land, total family
labor, total hired labor, flow of capital input and
operating expenses,

The third sconomic model is composed of the return
to scale function:

A{Y) = AT/(142Y)

2OSalkin, J., Oop. cit.
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5

where, as for the previous model, Af = = bj. From this
i=1
scale function the following generalized production
21

function is derived:

2y 01 b2 B3 Dby bs Dbg
g

where the X's are defined as for the previous model.

Statistical Models

For the first model the estimation requires the
specification of a statistical model of the following
formula:

log ¥ = log A + bjlog Klj + bzlogxzj + bjlongj +

bylogiy 5 + b5logx5j + bglogdgy + Uy
This statistical model can be estimated through the use
of ordinary least squares provided that the error term
is normally distributed with mean egual to zerc and
variance equal to s°1, Assuming farmers are maximizing
expected profits and that the inputs are determined
exozZenously as do Zellner, Kmenta, and Dreze22 it is
possidble to estimate the production function by ordinary
least squares.

The estimation of the second and third model requires

the use of maximum likelihood estimates technigues due to

21Zellner, A, and N, S, Ravenkar, op. cit,.

222ellner, A,.,, J. Kmenta and J. Dreze, "Specification
and Estimation of Cobb-Douglas Production Function Models,"
Econometrica, Vol, 34, October 1965,
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the fact that the models are nonlinear.

For the second model the statistical estimation pro-
cedures require a logarithmic transformation and the
specification of an error structure, which yield the

. . 23
following equation:

6
o A -._ . - - - P
Log (Y3/(K-Y3)) = log a4 + Zby Xjj + ug

The error term is assumed independent with mean equal
to zero and variance equal to &2, 3y assuming that all
farms maximize expected profits, and perfect market
conditions, it is possible to show that the invut variables
are distributed indevendently of the production function's
disturbance term. Thus single equation techniques will

yield consistent and assyntotically unbiased estimates of

the production function parameters.zu
The maximized log likelihood function is:23
A
log max (K) = const. + Nlogk - Nlog (K-Yj) - (N/2)loges

¥ia an interactive procedure various arbitrarious
values of K are inserted in the generalized production
function and then the same K and the respectivesc'%"2 of
the generalized production function are inserted in the

maximized log likelihood function. The X that maximizes

234
24

alkin, J., op. cit.
Zellner, A,, J. Kmenta and J. Dreze, op. cit.

25Salkin, J.y OD, cilt,
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the log likelinood function is the maximum likelihood
estimate of K. At this point the parameters of the gen-
eralized production function are also the maximum likeli-
nhood estimates of the funciion's parameters,

Plotting on a graph the values of the maximized log
l1ikelihood function against the X values it is possible
to depict the path of the maximized log likelihood function
and though the following formula:

loz max (2) - log max (K) <« %:k? (.05) = 1,92
determine an approximate five percent confidence interval
for X.

If the confidence interval for X bounds X in thne
positive range the null hypothesis that the degree of
returns to scale are invariant can be rejected.

For the third model the statistical estimation regquires
first a logarithmic transformation and the specification
of an error structure similar and with the same charac-
teristics of the previous model. The logarithmic trans-
Tormation yields the following statistical model:26

1oz (v24Y5) = 10g 4 + :

J i

1
In a manner analogous to that employed in the previous

nodel, various values of Z are inserted into the abave

26Ramsey, J. B., and P, Zarembka, “"Alternative

Functional Forms and the Agregate Production Form,"
Econometrics Workshop Paper No., £705, Michigan State Uni-
versity, November 1957,



regression model and ths equations parameters are esti-
mated. The 2 and the sum of squared residuals resulting
Irom the various estimates of the avove equation are
inserted in the following maximized log likelihood func-
tion:z?
riotting the values of the maximized log likelihood
function the maximum likelihood estimate of 2, £ is
obtalned. At that point the parameters of the function

are also the maximum llkelinhood estimates of the function's

22 . s .
varameters. In the same manner described previously a

K

‘5 percent confidence interval for Z can b»e obtained.

4

If the confidence interval bounds Z in the positive range

the null nypothesis wnich implies that the vproduction

function has invariant returns to scale can be rejected.

27Salkin, J., op. cit.

2 - X . . o

“SBOX, G, 2. P. 2nd D, RE. Cox, "An Analysis of Trans-
ormations,” Journal of the Royal Statistical Society,
eries 3, Vol. 26, 19584,

L3y



CHAPTER III

FORM AND INTENSITY OF RESOURCE ACCUMULATION

Tnis

¢]

hapter revorts on the changes in capital use

and a

O

quisition during an eleven year period.

Comparisons between farm types and sizes on the timing
and intensity of major capital acquisitions (land, machinery
and lmorovements) permit an appraisal of farm growth and

policy impacts on agricultural resource accumulation.

th

irst, a background statement is presented which
itreats some theoretical and empirical studies relating
agricultural structure and policy to farm growth,

A series of studies has shown that all farmers
(especially small farmers) have not shared equally in the
significant growth that has occurred recently in many
countries. The reasons for unequal growth are many.

For example, economic growth at the farm level usually
occurs in an environment that is formed by the interaction

of three basic factors; the nature of technology, the

institutional system and public policy. The asgricultural

lAdams, D, ¥, and E. #. Coward Jr., "Small Farmer Devel-
ooment Strategles: A Seminar Report,"” The Agricultural
Development Council, July, 1972.

40
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institutional system has a significant influence upon the
nature of technological change and in the speed of its
adootion. Public policies that alter price relationships,
both for factor and oroducts or alter capital constraints
will influence also the direction ard speed of the zrowth
process.2

The impact of the interaction of these factors on the
growth of farms can be different also. In general, smzll
family farms do not take advantagze of the on going growth.
This is especially true in situations where both small
and large farms are operating within a given region.
Programs for sveeding development are usually more complex
in these bimodal rural societies than in unimodal soci-
eties.3 In general, this is true due to the fact that
policles designed for development are based on the assump-
tions of modern economic theory, and these assumptions are
not necessarily valid for areas characierized by a very

P

neterogeneous agricultural sector {heterogeneous is here

defined in terms of significant size and technology

ZRask, K., "Phe Differential Impact of Growth Policy
on ihe Small Farmer of Southern 3Brazil," Purdue #orkshoo on
Zmpirical Studies of Small Farm Agriculture in Developing
Hations, Purdue University, West Lafayatte, Indiana,
November 13-15, 1972,

3The term unimodal is used here in the sense defined by
Rask (op.cit.) as characterizing a system in which farm size
was uniform and institutional services and technolozy were
evenly distributed. 3imodal represents a skewed distribution
of land holding with economic and political power concentrated
in the hands of large land owners.
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differences among farms).

As sugzested by Gotsch,u small farms should be studied
within the context of the policy and economical environment
in which they exist. Zoisch hyvothesizes that on the basis

of combinations of different technology, farm sizes angd

'g
=

ollcy framework, comparative studies will reveal a number

t

of distinect types of development situations. The policy
environment in Brazil, according to Rask,5 can be classified
as one using the "filter down aovproach" to policy. This
approach is the one that used national agriculiural develop-
ment policy tools with s2ssentially no specific nrograms

for the small farms.

Tne area in which this farm survey was taken can be
characterized as a bimodal area (see Table 1), and thus is
i1deal for the analysis of the different impacts of a given
policy matrix on farms of different sizes employing different
technologies. This analysis will illuminate some aspects
of the diiferential impact of policies on the growth of

thiegse farms,

Tne Bimodal Farming Systen

From the original sample described in Chapter I,

QGotsch, C. K., "Technical Chance and the Distribution
of Income in Rural Areas," American Journal of Agricultural
tconomics, Yol. 54, No. 2, Way, 1372.

5Rask, N., op. cit.
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eleven sub-samples were defined based on a division by size
and activity. The activities and sizes used are those
defined in Chapter I. However, two groups of activities,
pasture livestock and mixed farms did not have enough
observations within eacnh specific size group to permit a
division by farm size. Thus, vasture livestock is analyzed
as one group and mixed farms are divided into two groups
by size; larege and very large. The annual crop farms and
perennial crop farms are divided in four zroups by size;
small, medium, large, and very large,

viodern technology 1is avallable in many forms in the
region. rPesticides, herbicides, fertilizer and mechanical
technolozy are commonly used. However, mechanical technology
nas been developed in the form of large size egquipment and
cower sources. Thus, the smaller farms find it more difficult
to own machinery and must rely on custom hiring, Lack of
siznificaent economic response by existing varieties to
additional fertilizer use has been reported for the area
in a detailed study by ielson. |

As mentioned earlier, agricultural policy affecting
the study area can be considered a filter down approach.
Briefly, this approach 1s composed of an expanded supuly

of low interest rate credit, special credit terms for the

A. )
Adelson, ¥., op. cit.
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acquisition of machinery, minimum prices and in the case
of sugar cane and cofifee some specific policies as already
indicated.

In this framework several of the factors suggested

.

e

by Gotsch' can be identified as contributing to differential
es of growth. An interaction of mechanical technology
which includes economies of scale, special credit services
and more economically efficient service institutions could
result in lower costs and easier access to technological
inputs. Lower interest rates should stimulate demand for
credit by all farmers, while on ithe supply side, cost of
service, supply of funds, repayment guarantees and bankers
preferences should determine whether eguitable distribution
3

OCCUrs.

In the next section, farm data iz presented to show
the differences in use of inputs, levels of output and use
of credit, and to observe the investmenis made in capital

items (land, bulldings, improvements, and machinery over

an eleven year peried).

Capital Composition and Use

FParm data on investment eXpenses and gross irnicome

measures are presented in Table 4. To permit capital use

7 .. .
"Gotsch, C. ., Op. cit,

B, . .
“Rask, ., ov. cit,
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intensity comparison, the same data are presented on a per
hectare of agricultural land basis (pasture plus cultivated
land)} in Table 3.

Five basic trends are apparent from the information
in Table 5. First, crop, livestock and "other" operating
expenses ver hectare do not vary significantly across types
except for pasture livestock and mixed farms. Second,
custom hire expense is high Tor the annual farms of all
sizes when compared with all other types except for the
large perennial crop-farms. Third, altnoush machinery
expense does not show 2 clear trend, intensity of machinery
expense ig greater on annual and perennial medium size
farms, Fourth, machinery investment does not vary signi-
ficantly for the very large farms across farm types, but
both the large annual farms and the large perennial farms
have invested considerably more in machinery than any
other type or size, Fifth, livestock investment is con-
siderably larger on the smaller farms, both perennial and
annuzl and the small farms show the largest per hectare
investment in livestock of all ftypes and sizes analyzed,
Sixth, farm receipts per hectare decline as size of farms
increases for =211 tyopes.

ome preliminary conclusions can be drawn from this

Ll
©

analysis, The machinery investment per hectare would
indicate that on the whole access to machinery acquisition

is not limited by type or even size of farms. Also it is



Table 5

Investment, Expenses and Farm Receipts Per Agriculiural Hectare by Farm
Size and Type - 382 Sample Farms - DIRA - Ribeirao Preto-1570

Farm Type Investments Operating Expenses
and Size Machinery-Livestock Crap Custom Machinery Livestock Other Farm Int,
Hire Receipts Expenses
~ Pasture Livestock 88,00 184,00 13.00 4,00 7.00 21,00 3.00 131.00 2l
Mixed
Large 125,00 354,00 15.00 6,00 21.00 18.00 9.00 220.00 3.00
Very Large 249,00 360.00 19.00 2.50 10.00 12.00 6.50 194,00 2.00
Annual ’
Small 194,00 446,00 79,00  27.00 14%.00 1,00 15.00 375.00 6.00
edium 357.00 254,00 102.00 28,00 60.00 13.00 22,00 451,00 8.00
Large 452,00 202.00 86.00 11,00 53,00 15,00 16.00 451,00 11.00
Very Large 241,00 139.00 80,00 4,50 38.00 9.50 22,00 307.00 1l.00
Perennial .
Sxall 333.00 284,00 84,00 1%.00 62,00 8.00 24,00 607.00 6.00
Hedium 428,00 209.00 86.00 17.00 106.00 7.00 32,00 563,00 2,00
Larze 728,00 134.00 79.00 22,00 63.00 9.00 17.00 402.00 5.00
Very Large 233.00 71.00 76,00 b.oo 77.00 5.00 27.00 144,00 2,00

Source: Table &4,

Ly
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conceivable that the "largze” farms are at a size limit in
which mechanization becomes quite attractive since both the
large annual and perennial farms not only have the hizhest
machinery investment per hectare, but also the large
perennial has the highest value for custom hiring. One
could also assume that the heavier reliance on cusiom hiring
on the part of all annual farms is indicative of a less
critical timing oroblem for the performance of production
tasks. On the other hand, all perennial crop farms have
the same basic crops, sugar cane and coffee. Thus, timing
of critical tasks such as planting and harvesting occur at
about the same time, The annual crop farms with different
ennterprises (cotton, rice, corn, soybeans) have greater
timing flexibility and consequently rely more on custom
hiring.

Farm receipts increase from the small to large annual
crop farms and seem 1to stabilize for the very large annual
croo farms. The perennial crop farms present a similar
pattern but at higher values, except for the very large
verennial crop farms where receipts are not only lower than
for the large perennial, but alsc lower than for the very
large annual crop farms., This result may indiecate that size
has an effect on efficlency, an aspect to be analyzed in
the second part of the study.

In view of the substantial differences in operating

eXxpenses across slzes it 1s interesting to note the
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differential use of credit as measured by interest expense
ver hectare., It rises from 2.00 cruzeiros ver hectare for
the small farms to 11.00 cruzeiros for the very large

farms and the difference between the large and very large
farms is not significant, These figures indicate that
credit is a considerable part of the financing of operating
exXpenses.

For the perennial crops the results are more incon-
clusive, since there is no real consistency. However, it
is apparent that the perennial crop farms rely less on
credit than do the annual crop farmers. The analysis of the

next sectlion seems to confirm this observation.

flajor Investments and Source of

Finance (1960-1970)

Four major categories of investment are analyzed for
the eleven year period 1940-1970., They are land improve-
ments, building improvements, including new buildings,
machinery purchase and land purchases, Land rentals are
also analyzed as a form of increasing control over land
regcources. The year by year investment for machinery,
land improvenments and building improvements are analyzed
on a cruzeiros ver hectare basis to permit a dirsct com-
varison across farm sizes. Also, in order tc reduce
extreme variation on a year to year basis, a three year
moving average which eliminates the first and last year

from the analysis 1s used., Land purchase and rental are
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examined as a percentage of land owned in 1960, This permits
a direct comparison across sizes.

The source of finance is divided into savings (own
financial resources) and credit (both formal and informal)
and is measured as a percentage of the total value invested
for each category of investment for the eleven year period.

The pvattern of investment for machinery, land improve-
ment and building improvement is presented in Figures 1
through 3.

Three major trends are clearly indicated in this
analysis. They are:

(1) Levels of investment are much greater on crop farms

than on livestock farms.

(2) Amcnz the capital items, machinery accounts for
the greatest investment outlay, especially on the
crop farms.

(3) A definite sequence of machinery acquisition is
apparent by farm size.

The livestock and mixed farms maintained a very low

and stable pattern of investiment for all three items analyzed.
apparently, these farms are simply maintaining their capital
stock and do not show significant increasing trends.

The perennial crop farms show considerably higher
levels of investment when compared with the annual farms.

On the whole, the small farms make their major machinery

investmen®t seven to nine years later than do the very large
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Major Capital Investments Per Hectare on Pasture Livestock
and Mixed Crops and Livestock Farms. DIRA-Ribeir

1960-1970
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FIGURE II

Major Capital Investments Per Hectare on Annual

Crop Farms - DIRA-Ribeirao Preto 1960-1970
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Major Capital Investment Per Hectare on Perennial Crop Farms
DIRA-Ribeirao Preto 1960-1970¢
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farms. The medium farms make their major machinery invest-
ment two to three yeafs after the large farms.

The very large perennial farms have a nizh rate of
investment at 1960-1961 and the rate declines continuously
afterwards.

Another fdrm of capital that has been acquired by many
farms during this vneriod is additional land. Rental of land
increased control of this rescurce as well.

Land acquisitions and rentals for the sample farms
are shown in Figures 4 to 6., As in the previous analysis
the pasture livestock and mixed farms are fairly stable
in their land ébntrol, except for the very large mixed farms
that show a slight increase in land rented in at the end of
the period analyzed,

The annual crop farms show a significant increase in
land operated for all sizes, with the small farms having
the largest percentage increase, doubling the land operated
during the eleven year wneriod.

The small and medium perennial crop farms have their
land basis reduced in size during the eleven year veriod
while tne larze and very large increased their land basis.

Figure 7 indicates the sources of financing for the
tvpes of ilnvestments analyzed.

On the whole, the annual crov farms are the heavier
users of credit, while the perennizl crop faras use the

lenst,  The majority of the investment credit for all farms
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FIGURE 1V

Land Owned and Operated as Percentage of Land Owned in 1%60-
Pasture Livestock Farms and Mixed Crop and Livestock Farms-
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Land Owned and Operated as Percentage of Land Owned in 1960 on
Annual Crop Farms - DIRA-Ribeirao Preto 1960-1970
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Land Owned and Operated as Percentage of Land Owned in 1960
on Perennial Crop Farms — DIRA-Ribeirac Preto 1960-1970
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FIGURE VII

Source of Funds for Major Capital Investments as Percentage of

Total Capital Investments -~ DIRA-Ribeirao Preto 1960-1970
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. " FIGURE VII (continued)
Source of Funds for Major Capital Investments as Percentage of
Total Capital Investments - DIRA-Ribeirac Preto 1960-1970
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FIGURE VII (continued)
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for ihe eleven years analysis went to machinery acquisitions,
thne remaining digtributed between improvements and land

purchases, with the least amount used for the latter,

Conclusions

Four distinct general patterns emerge from the overall
analysis., First, machinery investment is a ma jor invest-
ment item for all the farms considered. In the cases of
annual and verennial farmg, there is a lag of two to four
years in machinery investment from the smaller to the larger
farm sizes. Thug, the very large farms appear to bezin
mechanizing seven to nine years before the small farms.
second, for the annual farms of all sizes, land is an important
resource and it is available. In fact, the heavy increase
in land operated by the small annual farms seem to indicate
that land is a scale neutral resource for annual crop
production which in turn would indicate constént return to
land size and also a very active land market in the area.
Third, the decline in land size of the small verennial farms
and the increase in size of the large and very large perennial
farms would indicate either a significant increase in
efficiency as perennial farms increase their land basis, or,
agricultural policies that on the whole, are favoring thne
large perennial farms, This will be tested in the scale
analysis. Fourth, reasonable amounts of credit are apparently

availlablie for machinery. Considerable less is available
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for land and improvements. It would seem that operating
expenses are adequately financed. This lack of credit for
land, coupled with the significant increase in land overated
shown by most farmers is indicative of imperfections in

the credit market, (by design) which could cause significant
distortion in factor vrices resulting in imperfect resocurce
allocation.

The same zeneral conclusions are valid for the mixed
farms analyzed. It is not possible to arrive at more
definitive conclusions for the pasture livestock farms
because of the very small number of observations, which
does not permit a size comparison. However, the slight
decline in land operated on these farms, coupled with the
relatively low levels of investment in machinery, land and
building improvements, (plus the fact the total sample only
showed twelve livestock farms) is indicative that pasture
livestock is not an attractive alternative, given the present
economic conditions in the region. Crops such as sugar
cane and soybeans, which only recently became important in
the area studied are sufficiently profitable (helped along
oy favorable policies) that they compete successfully with
the more traditional activities.

from this analysis the hypothesis that national
volicles have different impacts upon different farms can be
substantiated. First, it is obvious that on the whole, the

small Tarms both annuzl and perennial are using considerable
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amounts of both mechanical and chemical techrnology as indi-
cated by the crop expenses. However, thne larger farms are
using them more intensively. 4lso, as is apoarent from the
land accumulation.analysis, the small annual crop farms have
made significant progress in increasing their land control,
wnile on the other hand, it is guite obvious that the small
perennial crops are reducing their land basis, although
slowly.

#hile some differences are noted between farn sizes,
striking differences appear between farm tyves - indicating
the commodity orientation of agricultural policies. For
example, in the vresent case the perennial crop farms are
spaclalized in coffee or sugar cane but the sample is
vrimarily of sugar cane farms., 3ugar cane in 3razil is
oroduced under very strict controls. Quota allotments are
distributed to farms surrounding a sugar mill and prices
are established by government on a cost plus profit basis.9
The guota allotment is linked to the land, since it has to
De location specific so as to guarantee adequate supply to
the sugar mills.

Such policies are effectively adding an extra and
significant value to land and as a consequence land has to
be very productive so as to make possible the equalization

of the value of its marginal product to its price. To raise

9Pedroso, I. A, and Donald K. Freebairn, on. cit.
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land productivity, significant investments in management,
machinery and fertilizer have to be made. It is concelvable
that small farms are not able to compete for these resources
with the larger farms and are being driven out of farming
and their land incorporated into the larger farms. Also,
the significant increase in land operated due to land renting
occuring in the very large verennial farms, may indicate
that small farms are finding it more efficient to rent than
to operate their lands.

Assuming that the above analysis is valid it is pOS~
sible that on one hand, the general agricultural policies
of the country are not discriminating against small farms,
at least as far as land resources are concerned, but on the
other hand, the specific crop or technology policies, in
this case sugar cane production, marketing and mechanization

volicies are hinderihg the growth of the small farms.



CHAPTER IV

ZCONOMIES OF SCALE AND PRODUCTIVITY ANALYSI

(4]

This chapter bezing by defining homozeneous production
sub-regions within the region studied. This definition
is made through the use of the Cobb-Douglas model described
previously and with the F Test also described previously.
Subsequently, a test is made to identify different pro-
duction activities (different production functions) within
each of the sub-regions defined. The methodolozy is the
same as described for the previous test.

Unce tne sub-regions and production activities are
defined, the analysis proceeds by testing the null nypo-
thesis: invariant returns to scale occur in all production
functions defined. Failing to reject the above hypothesis
tne analysis proceeds by defining production functions
within different farm sizes for the different production
activities,

Rejecting the hypothesis that the production activities
are the same for the different farm sizes the analysis then
proceeds to examine values of marginal products for the
different farm sizes and finishes by discussing the impli-

cations of these results.
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Somvarison of Production Regzions

As stated in Chapter I, vage 7,the region was chosen
because of its specialization in various activities of
importance for the agriculture of the state. It was
eXpected that the municipios of Sertaczinho, Pontal,
Ribeirac Preto and Batatais would be producers primarily
of perennial croos. The municipios of Barretos and
Colombia were expected to be composed of farms having
mixed activities, both livestock and crops. The remaining
municipios were expected to specialize in annual crop
vroduction,

For the purpose of the znalysis of economies of scale
the sample was then divided into three Ssub-samples repre-
senting each of the above specializations. Thus, the
municivios of Quaira, Salles de Oliveira, Jardinopolis and
Altinopolls were defined as the annual crop sub-region
or sub-region I, the municipios of Sertaozinho, Pontal,
Ribeirao Pretc and Batatais as the perennial crop sub-
region or sub-region II, and the municipios of Barretos
and Colombia as the mixed farming sub-region or sub-region
1171,

Zacn sub-sample was further divided into blocks of
farms by size and tyve. Table 6 indicates the results

of this division.
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Table 6

Distribution of Farms, by Size and Type of Sub-
Region - DIRA - Ribeirao Preto, 15708

T~ _Type

Sub- Annual Perennial ¥ixed Total

Region \\\\\\ Crop Farms  Crop Farms Farms

Annual Crops

Sub-Region
Small 23 3 1 27
Medium 35 i 4 43
Large 59 122 5 65
Very Large 4o 2 7 49
Sub~-Total 157 13 17 187

Perennial Crops

Sub-Region
Small 4 13 1 18
Medium g 19 - 27
Large 14 23 S 43
Very Larze 13 11 & 30
Sub-Total 3G 66 13 113

Mixed

Sub-~Rezion
Snall : - - - =
Medium - - 3 3
Larse 2 - 21 30
Yery Larze 10 - 22 32
Sub-Total 19 - hé 55

Total 215 79 76 370

Source: Ribeirao Preto Survey - 1970.

2Phe 12 farms classified as pasture livestock in the
original sample, were scattered through the three regions
and were eliminated in this analysis.
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Although the different farm types are distributed
throughout the sub-regions, the ma jority of the farms
within each specialization falls within its defined
region., Thus, of the 215 farms svecialized in annual
crops, 157 are in sub-regzion I; of the 79 perennial crops,
66 are in sub-regzion II; and of the 76 farms defined as
mixed, 4% are in sub-region III.

The next step was to determine the existence of
regional differences in production functions. The regional
oroduction functions were tested pair-wise.

The model utilized was a Cobb-Douglas production
function with the following logarithmic formula:

log ¥ = loz A + by log Kl b, log Xz + b3 log X4 +
b@ loz X& + b5 log K5 + bg log X5
in which Y = Gross Cutput
A= Cultivated land
£p= natural pasture land
K3= total famiiy labor

"@= total hired labor

K5= service flow of fixed capital

1l

B

4= operating expenses

The first test was between annual crops in the sub-
region I (annual crop region) and annual crops in sub-region
II (verennial crop region). The coefficients and related

statistics for the production functions are shown in Table 7.



Table 7

summary statistics for Production Function (Cobb-Douglas) - Annual Crop Farms
Sub-Region I, II and Pooled - DIRA - Ribeirao Preto - 1970

Sub-Region I Sub-Region II rooled
Variables Elasticity T-Test Elasticity T-Test Elasticity T'-Test
Coefficients for B=0 Coefficients for B=0 Coefficients for B=0

Log A 5538 3. 6988% . 5187 2.3962% .69773 b,2519%
Cultivated Land L0342 0.3646 L0374 . 2500 L0245 . 3401
Natural Pasture

Land L0058 0,6024 -.0147 L7492 L6024 . 2911
Total Family

Labor .02136 0.8519 -, 0342 LUB17 L0161 cE274
Total Hired

Labor LolLél 2,0534%% L0024 L0631 .0223 1.2550
Capital

Services L1728 2.7856% LHgs 3,6792% L2516 4.6935*
Overating

Expenses L0757 7 4913% . 5498 5.3384% LO75k 10.9254%
Correlation (Adjusted R2) = 8482 .9232 8716

F ratio 146.2589 75.0996 220,4358

DI, 150 31 188

#*31ignificant at 1 percent.

#%35ignificant at 2.5 percent,

65
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To test for differences of production functions
between the two regions an F Test for the sum of squared
residuals of the two models is formed. In this case:

11.7502 = 1,9975 - 9, 2165
7
F = = ,124
1.9975 + 9. 2165
157 + 32 - 14

The eritical level F for 7/182 degrees of freedom at 5

vercent level is 2,05. Thus, the null hypothesis is

accepted, i.e., Ho“Al =,A2 in which Al is the column

vector Eog Al'- for the production function for sub-region
11
P21
bjl
By
by
bs1
I and A 2_is thg-column vector iog Az-_ for the production
Pz
P22
b32
P2
P52
P2

function for the sub-region II.
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Failing to reject the null hypothesis implies accepting
no difference in the production functions for the two
sub-regions, consequently accenting the equality of the
technology of production for annual crops between sub-
rezions. In the remazinder of the analysis, therefore,
annual crop farms are pooled for the two sub-regions.

comparison of Production
Actlivities

The next step is to test for differences among enter-
prises., Since the annual crop iarms production funetions
do not differ across regions, the test for different
nroduction activities is done through the test of 2 Dro-
duction function for all annual crop farms versus a pro-
duction function for the verennial crop farms in region II,

The next table presents the summary statistics for
the perennial crop farms of sub-region II and the pooled
model, in this case comprised of all annual crop farms
nlus the perennial crop farms,

A similar F Test is done for testing the differences
in the vroduction function of all annual crops versus the
verennial crops. The test results are shown below:

15,9267 - 11,7502 - 2.9494

7
= = 2. 2
F 11.7502 + 2.960k 7

196 + 66 - 14




Table 8

Summary Statistics for Production Function (Cobb-Douglas) - Perennial Crop

Farms in Sub-Region II, and Pooled DIRA - Ribeirao Preto 1970

, . Sub-Region II Pooled
farmazies Slasticity Elasticity

Coefficients T Test for B=0 Coefficlients T Test for B=0
Loz ~ 2.91356 8.1780% 1.5593 8.,2529%
Tultivated Land .9132 6.358u% 2543 3.7713%
naTural Pasture Land .0131 .8829 .0093 1.2326
Totzal Family Labor L0696 1.2366 .0365 1.551¢6
Total Hired Labor . 0295 L9868 0526 3. 1647
Capital Services - 0834 .8756 L1438 2.94Llx
Operating Expenses 0565 4278 4619 7 424 6%
Correlation (Adjusted R) L8144 .B229
F Ratio 47,6222 68,7227
D, F, 59 254

#*Significant at 1 percent.

Zé
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This F Test for the null hypothesis Ho‘)\l = 'XZ in which

,A 1 is a column vector [Log Ay

P11

b1

béﬁ

for the annual crops

rroduction function in both sub-region and Xz is a column

vector ﬁog Ao
P12

255

bé%

for the perennial crops oproduction

function in sub-region 1I, is significant at the 5 nercent

level and 7/248 D,F, which implies rejection of the null

aypothesis and acceptance of the alternative hypothesis

i.e., the production functions for different activities

within regions are different.

The last step in ltesting for different production

functions between enterprises and between regions is to
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test for differences between enterprises and across regions.,
Using similar models an F Test was derived and the

raesult follows:

14,4990 - 9,2165 - 2.9604
7

»o= = 10.54
9,2155 + 2,9604 5657

157 + 56 - 14

‘he T Test for the null hypothesis e = ‘kl ==,X2 in which
xl_is a column vector [Log Al for the annual crops

o119

021

oroduction function in sub-region I and Xz is as column

vector |Log A, for tne perennial crops production
)12
22
b
32
oLp

5o

n

b
£2

function in sub-region II, is significant at the 5 percent

level and 7/203 degrees of freedom, This implies rejection

of the null hypothesis and acceptance of the difference
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between production functionsfor the two activities, but

not between the two regions. In other words, the production
function for the annual crops is different from the pro-
duction function for the perennial crops. However, the
location of the annual crop farms within the two regions

is not a consideration.

Subsequently, an F Test was calculated for the annual
crop sub-region (sub-region I) versus the mixed farm sub-
region (sub~region III). Using the same econometric model
a production function for the mixed farm sub-region was
derived and with the residual sum of squares the F Test
was calculated. The result was not significant which
implies the accentance of the null nypothesis, or the
existence of no difference between the two vroduction
functions for the two sub-regions. Further testing for
differences between the two regions was impaired by the
lack of enough observations and therefore, it was decided
that no further analysis was to be done with the mixed
farms.

The analysis proceeded with the vroduction functions
which were found to be different in the previous tests,
i.e. the annual crops production.function encompassing
obgervations from both the perennial and annual crop sub-
regions and the perennial crops production function encom-

passing the perennial crop farms in the perennial crop



sub-region or sub-region II. Thus, from the total initial
sample, two sub-samples are defined., One consists of 19&
observations all defined as annual crop farms from sub-
regions I and II and the other constituted of 64 farms
defined as perennial crop farms all located in the sub-
region I7.

Annual Crops - Analysis of
Zconomies of Scale

IThe invariant returns to scale model on which the
scale economies for the annual crops is based is the
Cobb-Douglas production function model with the charac-
teristics described in the Table 7 (pooled model).

The model shows a well behaved function with constant

invariant returns to scale { =

4
bj not statistically
=1

d

signficantly different from 1) and the elasticity coef-
ficients for service flow of capital, operating exXpenses
and the intercept are significantly different from zero
and the function has high explanatory power as indicated
by the coefficient of determination, R? equals .87156,
However, the model restricts the returns to scale to
be invariant for all levels of output. To test the
hypothesis of variant returns to scale a generalized pro-
duction function has to be derived. Given that for the
vresent model the sum of elasticities of production is

smaller than one, in absolute value, the statistical model
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for the estimation of the Generalized Production Function

takes the following form:

. 5
A _ C
log (rj J) = log Ag + ;gi b; log Ris * U

'he above model is estimated for various arbitrary values
0f z and the sum of the squared residuals for the various
equations estimated and the respective z values are inserted

in maximized log likelihood function given below:

L max (z) = const., + K TIog (1+2Yi7 - N/z log¢52

The values of the maximized log likelihood function
are plotted against the respective values of z and the
maximum estimate of z can be found. The next figure
depicts the path of maximized loz likelihood function and
shows that the function reaches a maximum, within the
positive range of z, when z is equal to zero.

In light of these results the hypothesis of invariant
returns to scale production function for the annual crop
farms can be accepted.

“erennial Crop Farms - Analysis
of Fconomies of Scale

The invariant returns to scale model on which the
analysis of economies of scale for the perennial Crop
farms is based, is the Perennial Sub-Region II model.

Its statistics are presented in Table 8. The equation has

a high explanatory power as indicated by anRZ of .8114,



FIGURE VIII

Maximum Log Likelihood Function Annual Crop Farms
(Returns to Scale Function: A (Y) = Af/{1 + zY)
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dowever, the coefficients for labor, both family and hired,
capital flow and operating expenses are not significantly
different from zero. Cultivated land, however, is highly
siznificant and explains most of the variation in output
(it has a beta weight of 0.35),

3iven that the coefficients of production elasticity
for the model specified add up to more than one (1.0185),

the Generalized Production Function assumes the following

L (X v : S .
fé . log (fj/ﬁ-Yj) = log 45 + S b; log 3
i=1

+uj
Various arbitrary values of ¥ are inserted in the
model and the residual sums of sguares of the model and

the respective X's are inserted in ths maximized log

likelihood function below:

L max (K)= const. + N log X - ¥ Iogz (K-ij - /2 log &2

The results of the Maximized Loz Likelihood Function
are plotted azainst the X values and the path of the
function is determined. From this path the maximum ¥
can be determined and at the maximum ¥ the likelihood
estimates of the production function coefficients are
alsc determined. The next fisure depicts the patn of
maxinum Log Likelihood Function,

From the figure it can be established that the

function does not reach a maximum and thus the hypothesis



FIGURE IX

Maximum Log Likelihood Function Perennial Crop Farms
(Returns to Scale Function: A (Y) = Af (1-Y/K)
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of invariant returns to scale for the perennial crorp farms

can be accepted.

froductivity Analysis by Size

Given that the input-output relationship exhibits
invariant returns to scale for the agregate sample, a
further analysis was attempted to study the possibility
of having annual crop and perennial crop farms of different
sizes operating at different levels and with different

factor productivities,

Annual Crop Farms

The sample of annual crop farms was divided into two
groups by size, one composed of the small and medium
annual crop farms (up to 49.9 hectares) and the other
comoosed of the larze and very large annual crop farms
{from 50 and more hectares).

The same Cobb-Douglas production function, utilized
in the previous analysis was fitted to the two samples
of farms. Table 9 gives the summary statistics of the
two functions and Table 10 zives the values of the marginal
products for the varilous inputs. An F Test for different
production functions was performed and the results indi-

cate that the functions are statistically different.



Table G

Summary Statistics for Production Function (Cobb-Douglas) - Small-Medium
Annual Crovn Farms and large-Very Large Annual Crop Farms - DIRA -
Ribeirao Preto - 1970

Small-Medium Farms Large-Very Large Farms

Variables

Elasticity Elasticity

Coefficients T Test for B=D Coefficients T Test for B=0
Log A L2267 1.7825% . 98413 3.8525%
Cultivated Land L0421 L1540 L0199 2432
Natural Pasture Land L0034 1639 .0005 .0583
Total Family Labor -,0918 1.6099%* L0558 2,08173%
Total Hired Labor ~,.0319 1.2415 L1241 4.3287*
Capital Services 2774 2.8721% .1992 3.0987+#
Operating Expenses . 7249 5.8500% . 6384 8, 6298%
Correlation (Adjusted RZ) L7968 . 7800
F Ratio 45,4430 74,8838
D, F. 62 119

*3ignificant at 5 percent.

##3ignificant at 10 percent,

<8



Table 10

Geometric Mean and Value of Marginal Product for Variable Factor
Inputs - Annual Crop Farms - DIRA~Ribeirao Preto 1970

Small - Medium Farms Large - Very Large Farms
Variables Jeometric value of Geometric Value of
Mean Yarginal Product ilean Marginal Product
Gross Qutput 6,5%0.00 -— 5%,100.00 -
Cultivated Land 19.00 0 149.00 0
Natural Pasture Land <52 ' 0 5 0
Total Family Labor 1.30 -465,00 Cré/m.e.> 1.13 2,905,00 Crd/m.e.
Total Mired Labor .01 0 5.16 1,394.,00 Crd/m.e.
Capital Services 1,305.00 1.40 Cr3/1Cr3 12,260.00 .92 Crs/1Crs
Operatingz Expenses 2,900.00 1.60 Cr3/1Crp 27,800,00 1.40 Cr3/1Cr}

&he elasticity

of production ceefficient is significant at the 10 percent level.

£g
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cerennial Croo Farms

The perennial crop farm sample was divided into
small and medium size farms and larze and very large
farms, according to the same size limits defined for tne
annual crop farms.

An econometric model similar to the previous models
was fitted to each of the two sets of data and the sumnary
statistics can be found in Table 11. The values of the
marginal products for the different inputs can be found
in Table 12.

An I Test for the difference between the two production
functions was carried out and the result was lower than
the critical level, indicating that the funcitions are not
different, However, a test on a sub-set of coefficients
indicated that some coefficients are different when compared
with each other. Consequently, the functions have the same

overall profile, but certain coetficients are different.

Conclusions

The first objective of the preceding analysis was to
establish whether varying or invariant returns to scale
are exhibited by the production functions. The results
indicate that the returns to scale are invariant, that is,
the returns to scale do not vary with output. In both

cases, (perennial and annual crop farms) any size operates



Table 11

Summary 3Statistics for Production Function (Cobb-Douglas) Small-ifedium
Perennial Crop and Large-Very Large Perennial Crop Farms
DIRA-Ribeirao Preto-1970

Small-Medium Farms Large-Very Large Farms

Variables Elasticity Elasticity

Coefficients T Test for B=0 Coefficients T Test for B=0
Log A 3. 7401 8.1395% 1.4364 1.,8559%+#
Cultivated Land . 7398 3.7841% . 3045 2.9910%
Natural Pasture Land .0305 1.4200 -, 0041 . 1940
Total Family Labor . 1007 .7622 .0550 .8324
Total Hired Labor L0562 1.7816#* L0740 sk
Capital Services -.1095 9333 -.0258 .1758
Operating Expenses -.0828 . 5591 <3794 1.5391%*
Correlation (Adjusted R2) L4918 7177
F Ratio 5.0007 14.9833
D. P, 25 27

*Significant at 5 percent.

**Significant at 10 percent.

58



Table 12

Geometric Mean and Value of darginal Froduct for Variable Factor

Inputs - Perenmnial Crop Farms - DIRA - Ribeirao Preto 1970

Small - Hedium Farms Large - Very Large Farms

Jariables seometric o Value of Seometric Vvalue of

Mean Marginal Product ean Marginal Product
Gross Output 11,280.00 - 60,900.00 -—
Cultivated Land 20.34 423.00 Cr3/ha. 124,80 392.00 Cr3/ha.
Natural Fasture LTS 0 .29 0
Total Family Labor 1.86 0 1.41 0
Total Hired Labor .35 742.00 Crd/m.e. Q.47 0
Capital Services 1,868,00 0 11,300.00 0
Operating Expenses 3,343,00 0 27,370.00 .76 Crd/1Crd

98



{0
~)

with similar average cost, therefore any size is oontimum,
Obviously, the results are only valid within the limita-
tions of the sample and of the implicit assumptions of the
methodology.,

No conclusions, for example, can be drawn for farms
outside the range included by the sample. Thus, it is
conceivable that farms which were not included in the
sample may have either increasing or decreasing returns
to scale. Second, the methodology implies constant factor
and output prices and constant elasticity of substitution
for factor inputs. One of the theoretical reasons that
returns to scale increase as farms increase output size
1s a reduction in costs as the purchase and handling of
large quantities of inputs increase. In a like manner,
handling and transportation cost of oroducts decreases
as output increases. It is conceivable that at least the
very large farms may benefit from these cost reductions,
although it is not necessarily certain that such reductions
occur,

Another restrictive aspect of the analysis is the fact
that the methodology employed assumes constant vartial
elasticities of substitution between inputs., It is possible

substi-

that as farms increase in size the elasticity of
tution for the different factors changes and this change

could bias the parameters of the estimated function.



dowever, the relatively good results shown by the model
employed demonstrate that at least within the limits of
the sample the oproduction relationship can be explained
fairly satisfactorily with the model used.

The analysis of the results of tne model for the
small-medium annual farms indicates that these farms have
a lower production profile than the profile of large and
very larze annual farms as indicated by the coefficient
for the intercept. However, the response of output to
capital services and operating expenses on the small-
medium farms is slightly higher than for the large farms.

All annual crop farms, both small and large, have an
estimated elasticity of production for land, both culti-
vated and natural pasture which is equal to zero, Capital
services and operating expenses on the smaller farms are
the largest coefficients and explain most of the variation
in production. Values of marginal products for these two
coefficients are zreater than one indicating that increased
net return could be obtained by the expansion of the two
factors. Thne larger annual crop farms have labor coef-
ficients (both family and hired) considerably larger than
the same coefficients for the smaller farms, indicating
that the productivity of labor increases as farms increase

the land size.
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For the small farms the elasticity of production is
riegative and significant at the ten percent level. There
1s some measurement error in the data and the coefficient
could be considered actually equal to zero. Given the
data for family labor, it is hard to explain how much of
the problem results from real labor redundancy on the
farms and how much results from statistical pvroblem,

Hired labor 1s equal to zero in the smaller farns indicating
the insignificance of hired labor eriployment on the smaller
farms (note that the geometric mean of hired labor in the
smaller farms is equal to .01 man equivalents - Table 10).

Capital service and operating eXpense productivities
decrease as farms increase land size. The value of
marginal product for capital services on the larzer farms
Indicates a very low potential for increased returns by
expanding the use of capital services. 0On the other hand,
the value of marginal product for overating expenses on
the larger farms indicates some vpotential for increased
investment in operating expenses,

A relatively poor fit (3% = .49) was obtained by the
model when applied to the producticn data of the small-
medium perennial farms. The coefficients however, are

consistent., Cultivated land is by far the most important



coefficient (beta weight = .709)1 foliowed by total hired
labor (beta weight = .301). The production Ffunction for
the large~very large verernnial farms indicates a relatively
zood fit (R = ,72) and consistent coefficients. Land
again 1s the most important coefficient (beta welght =

.58) followed by the coefiicient of operating expenses
(beta weight = .27).

The smzall-medium perennial farm size has an intercept
considerably larser than the large-very large farms indi-
cating that for these farms the fixed inputs are propor-
tionally larger than for the large-very large farms.,

(See Table 11} In other words, the fixed inputs are of

a size that pe“mifs more flexibility in production organi-
zation for the large farms than for the smaller farms.

This aspect should explain the near zero value of marginal
vroduct of capital flow for the small perennial farms at

the same time that the value of marginal product for hired
labor is nositive and fairly large. Having fixed capital
inputs available at only certain sizes (trucks and machinery
for example) cbligates these farmers to over-invest in

those items, thus increasing labor productivity. On the

other hand, the heavy investment in operating expenses 1is

driving marzinal oroductivity of cultivated land %o higher

lThe beta weight is the production elasticity coef-
ficient normalized by its variance. It is free of the
influence of the measurement values of the variables.
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levels,

The large-very large farms show a value of marginal
product for cultivated land that is lower than that for
The small-medium farms, and value of marginal product for
operating expenses that is less than one.

The near zero value of marzinal product for the
capital services variable in the large-very large perennial
farms also indicates a large investment in capital items
which may be due to the easy access to highly subsidized
credit available to these farms as was indicated previously.
The low values of marginal product for operatinz expenses
on botn farm sizes indicates hisgh levels of use of operating
exoense which may be responsible for the relatively large

values of marginal returns for land.



CHAPTER V
COMCLUSIONS AND POLICY IMPLICATIONS

The principal purpose of this study has been to
document the imvact of agricultural policy on farm resource
accumulation and adjustment poseibilities for an agri-
cultural region of the state of Sao Paulo in Brazil. Much
of Brazillan agricultural volicy has assumed that large
farms are more efficient than small farms, i.e. small farms
do not employ inputs at their optimum use and that economies
of scale exist in Braziliar agriculture. Policies
favorinz mechanization, farm consolidation and increased
production of crops vproduced pnrincivally on large farms
have resulted, Less attention has been paid to the gen-
eration of yield increasing technolozy or the imvrovement
of the inputs used on both small and large farms.

In view of this approach to increasing agricultural
production thils study has attempted to evaluate both the
impact and economic desirabllity of these volicies in
terms of farm level development and cavital growth, First,
an analysis of the form, source and sequence of capital

zrowth for an eleven year period on farms of various types
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and sizes in the study area was conducted. This analysis
verifijed that capital growtn was strongly affected by
nolicies. HMachinery was the main form of capital invest-
ment. Increases in land ownership and control were also
evident. Capital investments were much greater on croop
than on livestock farms, and finally large farms formed
cavital earlier and more intensively than small farms.
Credit was a2 major source of capital srowth especially
for machinery purchases and again used much more inten-
sively by large farms.

This level of analysis then verified the assumption
that agricultural policies can be a powerful determinant
of the direction, speed, and distribution of capital growth
in agriculture, This leads to the second objective of
the study. In question form this is: do larze farms have
the greater ecornomic efficiency in converting inovuts into
agricultural output? and do returns to scale vary as output
increases mainly by inecreasing the land base? These
gquestions were addressed throush a micro analysis of pro-
duction.

First an analysis of returns to scale was made on
sevaral sub-sets of data. Perennial and annual crop farms
in two size categories were examined., The general con-
clusion from this analysis was that in each farm type, the

returng to scale are invariant and in fact constant., All
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Tarms of a ziven type operate at a constant level of

average cost per unit of outout, consequently There is rno
unique ovtimum size. However, within each farm type there
are different production functions for the two sizes
analyzed. The specific conclusions, as they relate to

farm type and size and the policy implications are described

below.,

Annual Crop Farms

For the annual crop farms, the productivity (elasti-
city of production) of various inputs chanses when the farm
size changes. An eXamination of the vroduction elasticities
for inputs on both farm sizes indicates that cavital
services and operating expense productivities decline as
farms get larger. On the other hand, labor productivity
is much higher on the larger farms. These results indi-
cate that output on the smaller farms increases more in
response to changes in the use of both capital services and
operating expenses but not to labor,

Part of the reason for such differences lies in the
fact that the larger farms use less labor per unit of
other inputs-they are less labor intensive. The estimates
may also be indicating that both family and hired labor
are critical inputs in certain phases of the production

nrocess,
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The value of marginal product for inputs on the
smaller farms ig very low with the exception of the two
capital inputs. These results indicate that very little
potential for expansion of production exists for the smaller
farms if land or labor use is increased, since additional
expenditure on these resources will result in very low
returns. However, capital use could be increased some as
indicated by the marginal return. The cavital is really
in the form of mechanization suited %o larger land hases
however.

Several nolicy implications are evident. First both
gizes of farms would receive 1ittle increased return from
the use of more land, This result indicates that increases
in land, with the other inputs held constant, will not
increase production significantly. For the annual crop
farms then the resource constraint is not land, but other
nroduction factors.1 For the smaller farms it may be
capital services and operating expenses. For the larger
farms it may be labor. The large value of marginal return
to labor on larger farms indicates the vpotential these
farms have to increase output by becoming more lahor
intensive. The fact that the value of marginal produc

for cavpital services on the farms isg quite low indicates

lThe significant increase in land observed during
the sixties as indicated by Figure VI, Chapter 3 further
supports this conclusion.
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substitution of capital for labor has taken place, 1In
this case, capital would take the form of machinery,.

The historical capital accumulation analysis supports
this conclusion. For examole, the larzer farms have a
greater per hectare investment in machinery than the
smaller farms, A4lso, the larger farmsused proportionally
more credit to acquire machinery than did the smaller
farms., Thus, it is apparent that due to the credit
nolicies the larger farms not only have zreater access to
cheaper credit for machinery, but the ease with which
machinery is acquired has resulted in a substitution of
macninery for labor that has detracted from a potential
increase in production throuzh a more labor intensive
orzanization, or at least an undistorited labor-land-
capital organization of production.

Concluding, it can be said that the smaller annual
farms are more efficient in the use of cavital services
and overating expenses, i.e., in terms of response of
output to changing levels of capital use, but are con-
siderably less efficient in relation to labor use. Land
does not seem to be a consiraining resource for the smaller
annual farms in the region analyzed. Very little returns
can be obtained from increases in land input, iiachinery
services however, have a greater return as indicated by
the value of marginal product for capital service. Thus,

as smaller farms mechanize they have to increase land base
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since it is apparent that the machinery component is such
that it is only viable in combination with an increased
land area, At that point land may become a resource
constraint.

For these farms it is apparent that increasing land
size coupled with mechanization has resulted in higher
labor vroductivity but lower capital productivity. The
easy access Lo machinery is apparently raising labor pro-
ductivity but not the productivity of other factors,
especially land. Increases in production, at the margin,
are low as are the returns to increases in most factors.
These findings indicate that the production functions
for both farm sizes are low and policies should be directed
toward pushing the production frontier outward throusgh an
increase in average productivity for all production factors,

particularly land.

Perennial Crop Farns

As in the case of the annual crop farms the analysis
of returns to scale for perennial crops indicates that
invariant and constant returns exist, thus any size of
farm operétion can be considered optimum when the sample
is analyzed in the aggregate. The production analysis by
size, however, indicates that vroduction elasticities are
quite different. The larger farms have greater elasticities

of production for land and operating expense inputs. The
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value of marginal product for operating expenses is also
higher on the larger farms., On the other nand, the wvalues
of marginal product for land and hired labor are larger
on the smaller farms,

Apparently the smaller farms rely substantially on
family labor (geometric mean for family labor is relatively
high) and by so doing are increasing average land pro-
ductivity thus raising the value of marginal product of
land., Also, operating expenses are being used to the point
at which further investments in operating expenses will no
longer expand production and thus may have contributed
to raising the average productivity of land to its upper
limit,

As indicated vpreviously, the production function for
the smaller perennial farms has a higher intercept when
compared to that of the larger farms, but smaller values
for most of the production elasticities. This aspect may
be due to the indivisibility of certain fixed factor inputs,
Thus, the only alternative left for the small perennial
farms is to increase their land base which would allow a
more flexible combination of resources. The analysis
however, clearly indicates that the smaller perennial farms
have reduced their land base. Although the production
function indicates a hizher potential on the vart of these

farms to expand output by expanding land, some other factor
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apparently not only inhibits their possibility to increase
their land base, but actually leads them to reduce the size
of their operations.

A possible reason is the specific sugar cane policies,
Sugar cane is produced under strict controls. The most
important feature of this policy, in relation to the present
analysis, is the quota allotment. The production quotas
are allocated by means of a process in which the sugar mill
that acquires the sugar cane has some control over the
quota distribution., This control stems from the fact that
a guota 1s granted to a given farm after the farm has sold
sugar cane for three consecutive years to a given sugar
mill., After three years, the farmer is granted a quota
(attached to his farm) eguivalent to the arithmetic average
of his sales For the three years, TFor ihe sugar mills
however, fewer independent suppliers are preferred, since
the administrative costs of supply control zre reduced,
as well as a2 guarantee of a steady supply is increased if
it buys suzar cane from a smaller number of larger suppliers.
Therefore the most rational attitude is to direct the
mill's supvly policy efforts to have the smallest number
of supvliers consistent with supply needs. This attizude
may explain the apparent discrimination of sugar mill
managers against the small sugar cane growers.

Also, the quota increases land values, since it

represents the elimination of economic risk. Participation
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in the program therefore would be capitalized in land
values. Under such conditions, it is not surprizing that
small farmers in an area of sugzar cane oroduction may be
forced out of agriculture and their lands incorporated
into the larger farms, The nistorieal analysis suggests

that this situation may be occuring.

Flnal Comments

The results of the productivity analysis and historical
investment patterns indicate that the present agricultural
policies of Brazil are hindering the expansion of smaller
farms, especially the perennial crop farms in the area
studied. Also, it is clear that the expansion of the larger
farms has been facilitated. If the objective of agri-
cultural policies is to expand output per farm only, the
policies are operating in the right direction since returns
to scale are constant ©odut detracting from increasing
outpuﬁ per unit of land or other resources. The increase
comes at the extensive marzin. To handle such an increase,
mechanization suitable to large land base operation has
to take place along with the farm size increases,

Highly subsidized credit, especially for machinery and
operating expenses, usually is more accessible to the
larger farms. Having the possibility to acquire financial
resoufces ior operatinz expenses and macnhinery, these

farmers can use their own resources to invest in land, thus
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the vattern; more land, more machinery, larger farms, more
output. The levelg of marginal productivity however, are
low for most of the inputs. For example, with average
machinery investment, larger farms have reached veryv low
levels of marginal returns for capital services.

I'ne production elasticity for operating expenses for
all farms analyzed (except for thersmall-medium perennial
crop farms) is relatively nigh, These results when analyzed
in conjunction with the production elasticities of land
and capital services further illustrates the resource
constraints faced by the smaller farms. Crop and machinery
éxpenses Tor example are the main components of operating
expenses., Thus, increases in land and machinery for
further production expansion would require an expansion
of machinery and crop expenses or in other words the
increase in use of biological and mechanical technology,

As indicated previously, it is apparent that smaller farms
are hindered by vresent policies in their attempt to attain
higher levels of use of these inputs without expansion of
the land base.

“rom the above discussion it is quite apparent that
the agricultural policies of Brazil assume that size,
especially when measured in terms of land area, is the
primary reason for eéonomic efficiency in farming, In a
few instances 3razilian policy.makers acknowledge explicitly

this assumption. In general however, one can only perceive



102

such assumption by carefully reviewing the overall policies
of the country. <Credit is subsidized for machinery
acquisition, vpasture improvement, fertilizer and farm
consolidation., Each of these are really more accessible

to larger farms, Substantial tax incentives are given for
the opening of extensive cattle ranches in the Amazon
region. In the Northeast of Brazil, one of the most
impoverished areas of this hemisphere, fruit tree plantation
type farms have been formed through generous tax incentives.
%11 of these incentives are accessible only to individuals
or firms of considerable financial and managerial capa-
bility,

The preceding analysis suzzests that size {(or scale of
operation) alone may not be the main reason for economic
efficiency. The larger farms are more efficient in relation
to some factors but not in relation to others. The larger
nerennial crop farms are more efficient in relation to
land and operating expenses and the larger annual crop
farms are more efficient in relation to labor both family
and hired. It is apparent that the higher level of
efficiency for these factors can be traced to agricultural
policies that by assuming that larger farms are more
efficient favors them and discriminates against the smaller
farms. One may also speculate that smaller farms face a
less favorable price situation 1in addition to the pro-

ductivity differences noted,
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The larger perennial farms are more productive in
relation to labor and to operating expenses, apparently
due to suzar cane policies that discriminate against
smaller sugar cane farms, Further, a general problem
of relatively low absolute levels of productivity for all
farms in this area, one of the most economically advanced
of Brazil, raises questions about the development of
appropriate forms of agricultural technology.

According to the 1960 census, Brazil had about
3,300,000 farms of which 2,%00,000 farms had less than 50
hectares.2 By operating on the assumption of efficiency
being directly correlated with land size, the government
may be alienating a tremendous growth potential on all
farmsg, a potential that can only be realized fully through
the develooment and introduction of technology to increase

out»ut ver unit of input,

future Research

Two aspects of additional research are indicated,
First, the resulis of the present analysis lead to tentative
conclusions that challenge the direction of current agri-
cultural poliéy. These resulfs.gust be investigated and
tested more thoroughly under a wider range of farm situ-

ations. Also, in this regard, there is a need to more fully

ZFundacao IBGE-Inst, Brasileiro de Estatistica, Brasil-
Series Estatisticas Retrospectivas, 1970,




understand relationships between factors of production and
now they change between Tarm tyves and sizes,

For example, the increase in land overatsd which
apparently would result from the continuation of vresent
policies would also cause an inerease in thne intensity
of use of capital services and operating expenses. The
same would occur if production were to increase through
increases of factor productivities. It is quite certain
that in both cases present factor-factor relationships
would change. An analysis of factor-factor relationships
would indicate first,the efficiency in resource allocation
Jor the different farm resource organizations and second,
the factor substitution that would occur as one type of
production orzanization changes to ancther, either because
the farm expands the use of inputs or because volicies
alter factor productivities, This analysis would be best
carried out with the use of a generalized production
function and witn price data on factor inputs for different
farm groups.

The estimatior. of a generalized production function
with an unresiricted factor-factor relation for the two
farm sizes utilized in this study could allow a comparison
of the production functions and a definition of which type
of function best explains the results, given that returns
to scale are invariant, Once the production function is

defined, the most efficient resource allocation, that is,



105

the point where the ratio of value of marginal product
over price of input equals one, could be determined.

ilso, the factor-factor ratios particularly the capital-
labor ratio could be determined and an analysis of labor
substitution as a consequence of farm size increases and
technological changes could be done,

The second area of future research is dependent on
verification of the tentative results of the present study.
If the results are confirmed, they indicate the need for
2 Tundamental reordering of agricultural volicy priorities
in favor of increased productivity of all inputs, esvecially
land. This can only be accomplished through emphasis on
technological research, Land productivity increase for
exanple, is a scale neutral technological change and all
farms although probably larze more than small, can benefit
from it. To achleve significant increases in land and other
input vproductivity a substantial preogram of research on
bio-chemical technology must be mounted.

In addition, thae results of this study point to the
need for reseafch on two special toplcs. Research should
be directed toward the development of approopriate programs
for small farms, especially for land acquisition and tech-
nolozical éhange. This program should be structured so
as to bring the small farm into a competitive position with

the large farms as far as technological inngovations and
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access to modern inputs are concerned. First however,
research {as noted above) is needed to indicate the nagni-
tude of the price differentials that exist beitween small
and large farms.

A careful analysis is also recommended for the sugar

cane farms, Research following the lines of the present
study should be developed with sugar cane Tarms only.
In this research sugar cane farms should be more precisely
defined (more homogeneous in the production of sugar cane).
Also, a broader size range should be included so that some
of The very large farms can be analyzed in the sample, and
if possible different price ratios for the different farm

sizes should be included.
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APPENDIX A



Description of “Characteristics" for Tables 4 and 5

Land

Cultivated land: land planted with crops of any kind

(including improved vasture) measured

in hectares,

rasture Land: naturzl pasture measured in hectares.

fachinery and Livestock Investment

Fachinery:

Livestock:

the sum of the actual value of all machinery
on the farm at the time of the survey.

the sum of the actual value of all types of
livestock on the farm at the time of *he

survey.

Operating Expenses

Crop: Includes fertilizer, limes, nerbicides, pesticides,

and seed expenses,.

Zustom Hire:

¥achinery:

Livestock:

actual value paid for hiring machinery
services.
actual value of maintenance and fuel exvended
on the overator's own macninery.
actual value of expenses on animal health,

feed and breeding,

Other: crop and machinery insurance, taxes on land and
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machinery and other incidental expenses not

included in any of the above categories.

Farm Receipts

The sum of crop, livestock and livestock product sales.

Interest Exvenses

The valus paid during 1970 for interest on loans.
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APPENDIX B



Independent Variables for Regression Modelsl

Sultivated Land

Land cultivated provides a nectare measure of the
total amount of land under cultivation. Land cultivated
includes both irrigated and non-irrigated crop land as well
as the amount of improved pasture under operation. Improved

prasture is commonly revlanted each year,

Natural Pasture

Natural pasture land provides a hectare measure of
the amount of unimproved pasture land operated. Land
classified as natural pasture may have received some minor
improvements but excludes any land which has been reseeded

or actively tilled.

Total Family Labor

This figure expresses the entire family (household)
labor contribution to the productive process during the
vear in terms of man-equivalents. The sum of adult and
child family labor exvressed in man-equivalents equals the

total family labor force,

lThis appendix draws heavily on Richert, aillan,
"Capital Formation Project: Summary Data," Onio State
University, (mimeo) 1972.
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Total Hired Labor

Total hired labor is the sum of permanent and temporary
hired labor. This figure, expressed in man-equivalents,
indicates the contribution that all forms of hired labor

made to the oroductivity process during the vroduction year.

Capital Services

This figure is calculated as a 12 vercent service
flow of all fixed capital items. Initially the total
value of fixed capital is derived by adding the actual
values of buildings, machinery and workstock. Second, a
12 percent devoreciation on the value of all fixed assets
is assumed {actually the 12 percent represents a weighted
average of different devreciation rates). This figure
constitutes the capital service variable used in the
analysis.

Several assumptions are involved in this calculation,
first,it is assumed that the monetary value of capital
items is a good substitute for the use value of the capital
items themselves. Second, the available figures in the
data are for capital stock and not for capital flow, thus
2 linear relationship between capital stock and capital
flow is assumed. Third,the depreciation rates are assumed
to be linear,

This measurement of capital flow has obvious limita-

tions. However, the data restrictions were such that this
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approach was the only viable one.
The theoretical rationale for the use of the above

approach is described in detail by Yotopoulos.2

Qrerating Expenses

Operating expenses is the sum of actual market cost
of fertilizer, lime, seeds, herbicides, pesticides,
machinery rental, machinery maintenance and fuel, all
taxes and insurance and animal expenses during the pro-

duction veriod,

2Yotopoulos, Pan A,, op. cit,
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RESOURCE ACCUNULATION AND ECONOKIES
OF SCALE IN AGRICULTURE
I'he Case of Sao Paulo, Brazil
3y
Iby A, Pedroso, ?h.D,
The Ohio State University, 1973

Frofessor Norman Rask, Adviser

The general objective of this study was to analyze the
impact of agricultural policies on resource accumulation
and econonic efficlency of crop farms in the state of Sao
faulo, Zrazil, An assumption of economies of scale in
agriculture is inherent in the selection of many policy
options for Brazilian agriculture and therefore became a
central hypothesis for this study,

The data source for the analysis consisted of a
cross section sample of 382 farms from the Ribeirao Preto
area of northeast Sac Paulo. The sample farms displayed
considerable size variability and enterprise speciali-
zation in the production of either livestock, annual or
perennial crops. Data were collected during July 1970.

Two analytical techniques were utilized., An historical
descriptive analysis traced capital investment patterns

1



on the sample farms during the decade of he 1960's
including the form, sequence and source of various capital
investments. The findings of this level of analysis,
indicated that farms specialized in crops accumulated more
capital than livestock farms. Annual crop farms auzmented
their land baée considerably through acquiring or renting
additional land. The smaller perennial crop farms reduced
their land base slightly while the larger perennial crop
farms increased it considerably. Machinery investment
was the most important item of formed capital and in general
the larger farms began mechanizing six to nine years
before the smaller farms. Credit was an important source
of financing capital resources especially for machinery,

The second analytical technigue, production function
analysis{ was used to test for economies of scale and the
productivity of inputs. Different production functions
were defined for small {under 50 hectares) and large
annual and perennial crop farms. A generalized Zobb-Douglas
production function was fitted for each size and type to
assess returns to scale. #ith the aid of a maximum logz
likelihood estimation technigue, invariant and constant
returns to scale were found in all cases.

An analysis of production elasticity coefficients and
values of marginal products indicated that the larzger

farms are more productive than the smaller farms for some



factor inputs, but not for others. The indications are
that land, capital services and operating expenses are the
ma jor resource constraints for the smaller farms.

The history of resource accumulation however, indi-~
cates that the smaller farms are apparently unable to
acquire these resources, at least on the same basis as
do the larger farms, Agricultural policies operating on
the assumption that larger farms are more efficient become
a self fulfilling prophecy as they allow larger farms
easier access to resources, especially credit. It is also
apparent that the present policies detract from the major
problem which is input productivity. For all farms,
levels of input productivity are very low and little poten-
tial exists to increase values of marginal product.
Zxpansion of production thus, under current technology

is largely confined to expansion at the extensive margin.



