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ABSTRACT

IMPACTS OF ALTERNATIVE TECHNOLOGIES

ON PRODUCTION AND RESOURCE ALLOCATION IN

SOUTHERN BRAZILIAN AGRICULTURE, l970-l980

By

Joao Eustaquio de Lima

The planning of agricultural research and the implementation

of technology policy require knowledge of the impacts and adjustments

that take place as a result of the introduction of new technologies.

In essence, the effects of improved technology can be characterized

by impacts on the cost structure or the product mix of individual

firms, shifts in industry demand curves for factors of production,

shifts in product supply curves, and impacts on the growth and distri-

bution of total and per capita income. The analysis of these effects

provides useful information to the decision-making process in setting

guidelines for research policy and in planning research activities.

,The main purpose of this study has been to contribute informa-

tion on the potential impacts of alternative technologies on production

and resource allocation in Southern Brazilian agriculture. Specifi-

cally, the objectives of the study were:

I. To determine optimal land use and production patterns through time

for farmswith different sizes in the state of Rio Grande do Sul,

Brazil.
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2. To evaluate the effects of introducing alternative agricultural

technology on production, income, employment, resource allocation,

and income distribution among different farm size groups. In this

context the study focused on:

a) Evaluating the effects of introducing high-yield varieties with

higher biological potential and higher capacity to respond to

fertilizer application, and

b) Evaluating the effects of changing the level of mechanization

by varying the combination of labor, animal power, and tractor

requirements in production activities.

The focus of this study concerned the development of an analyt-

ical framework which could be used to analyze the potential impacts of

a set of assumed varietal and mechanical technologies. High-yield

crop varieties with higher capacity to respond to fertilizer applica-

tion, were analyzed by means of a number of alternative assumptions

with respect to yield per hectare for annual crops. High-yield varie-

ties are supposed to facilitate substitution of fertilizer for land,

thus changing resource proportion and resulting in substantial

increases in output. Mechanical technology was analyzed on the basis

of its effects on changes in labor, draft animal, and tractor input

requirements for production activities. Tractor services were assumed

to substitute for labor and draft animals, permitting more efficient

combination of factors and resulting in higher returns to farm

resources.

A regional model of production and resource allocation was

developed to allow the observation of the time profile of optimal land
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use and cropping patterns, production, farm income, and derived demand

for farm inputs under a selected set of yield and mechanization assump-

tions. The model has three components: a) a yield component which

estimates crop yields on the basis of yield-nutrient response functions;

b) a resource allocation.component consisting of a Recursive Linear

Programming model which allocates land and other farm resources to

alternative farm enterprises, and c) a production and accounting compo-

nent which computes production levels and other performance criteria

by commodity, farm size, and regional aggregates. The model is ap-

plied to the total area of the state of Rio Grande do Sul in Brazil.

Model results indicated that in response to technological

change farmers can change, to a certain extent their land utilization,

production, input demand, and income patterns over time. With the

introduction of high-yield varieties and improved mechanization, the

model projects significant increases in area and production of wheat

and soybeans. Net returns to resources in farming can be increased

significantly with improvements in crop yields and mechanization.

Income of large farms showed higher projected growth rate than that

of small farms. Thus, improved technology tends to increase the income

gap between farm size groups over time.

This study suggests that technology policy should be based on

a well-defined set of Objectives. The choice of technology to be

implemented would have differential impacts on the relative competi-

tive position of the various farm enterprises and on the income accru-

ing to the different producing groups.
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PART A

BACKGROUND AND DESCRIPTION

OF THE STUDY



CHAPTER I

INTRODUCTION

Modernization of traditional agriculture has been an impor-

tant thrust of most existing theories of agricultural development.

An effective strategy for economic development depends on the

capacity to generate new technologies which will contribute to

growth in agricultural productivity. The strategy to modernize

agriculture is usually taken as the basic means of strengthening the

role of agriculture in the general process of economic development.

Thus, the concept of technological change becomes a focal

theme in understanding agricultural development. Its potential con-

tribution to development has been recognized for some time. But

the study of its sources and the adjustments in the system under-

going structural changes arising from the continuous process of

technological change will remain an important economic area of in-

quiry.

The generation and diffusion of agricultural technology is a

rather complex problem. Market forces have become effective in

speeding agricultural transformation, but other mechanisms such as

public policies, projects, and programs have also been very efficient

in increasing the technological level in agriculture. In the case

of developing countries where there is a great deal of government



intervention in the market system, the transformation of traditional

agriculture has occurred mainly as the result of public investment in

research, extension, and education.

Public investment in agricultural research generates technical

knowledge which, having been diffused and adopted, has great potential

as a source of increasing production and productivity in the agri-

cultural sector. Such investments involve the use of scarce re-

sources. The task of planning agricultural research should consider

the efficient use of these resources. The objectives of agricultural

research should emphasize the usefulness of its results to society

and, in particular, to the rural community.

The problem of defining research objectives is a rather

difficult one. Clearly, such objectives are dependent upon the gen-

eral objectives of development in a country. Research priorities

need to be adjusted to the goals of development.1 Analysis of the

economic situation and knowledge of objectives and goals of an over-

all strategy of development can serve as a basis to adjust research

priorities to development needs.

The planning of agricultural research or the implementation

of agricultural research policy requires knowledge of the impacts

and adjustments that take place as a result of the introduction of

new technologies. Different approaches can be followed in order to

carry out an analysis of research programs. One approach is to

analyze a specific technological improvement after it has been in-

troduced and its results have already occurred. Another approach is

to look at the current economic situation and investigate the



possible impacts and adjustments that could take place if certain

well-defined types of technology were developed and introduced.

This approach can deal with different objectives related to types

of technology that are feasible for a region or a country. It

attempts to provide useful insights into the possible impacts that

are likely to happen in different parts of the agricultural sector.

This study, which applies the second approach, is concerned

mainly with the impacts and adjustments in resource allocation, pro-

duction, and income distribution that are most likely to occur follow-

ing changes in agricultural production technology. In order to do

this, a dynamic production and resource allocation model is devel-

oped which is assumed to represent the production relationships of

the agricultural sector of the region. The model is then used to

generate simulation results through time given changes in its

structural parameters. The model is developed for one region with

disaggregation in two farm size groups. The changes in structural

parameters to be simulated are those which represent changes in pro-

duction technology. Specifically, this involves changes in yields,

fertilizer application rates, and technical coefficients related to

the use of labor, animal and mechanical power.

General Problem Setting
 

In a general context this study is related to the economics

of technological change. It is concerned with the impacts of

innovations that could be generated through public investments in

research and would be feasible for adoption by farmers. This

approach to technological change differs from the typical one



because, at least implicitly, it considers the effects of inputs

such as research and extension, which are unconventional inputs of

a production process.

The increasing interest in the economics of technological

change after the early 1960's is, in most part, due to the recogni-

tion of the crucial role such change plays in economic growth and

development.1 This growing interest is the result of the impact of

early studies which started with the observation that the gloomy

predictions of the classical economists concerning growth were not

corroborated by contemporary reality, at least in the developed

countries.2 The classical approach to growth neglected the fact

that significant increase in labor productivity was not explained

by the increase in capital per worker.3

An important contribution in the area of measurement of

technological change was made by Robert Solow whose work laid the

foundation for subsequent research in economic growth.4 Solow

 

1For examples of contributions which have emphasized the role of

technological change in economic growth and development see: T.H.

Schultz, Transforming Traditional Agriculture (New Haven: Yale

University Press, 1964); Yujiro Hayami and Vernon H. Ruttan, Agria

cultural Development: An International Perspective (Baltimore: The

Johns Hopkins Press, 1971)} Zvi Griliches, "The Sources of Measured

Productivity Growth: United States Agriculture, 1940-60," Journal

of Political Economy 71(4):331-346, August 1963.

2Lester B. Lave, Technological Change: Its Conception and

Measurement (Englewood Cliffs: Prentice-Hall, Inc., 1966), pp. 3-5.

3Robert Solow, "Technical Change and the Aggregate Production

Function," Review of Economics and Statistics 30 (1957): 312-20.

4For a comprehensive survey of modern formal growth theories

see F.H. Hahn and R.G.0. Matthews, "The Theory of Economic Growth:

A Survey," Economic Journal 74 (December 1964): 779-902.
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defined technological change as those increases in output per man

that could not be explained by increases in capital per man. How-

ever, this increase in productivity was in fact a "residual", and

for this particular reason, Solow's approach was much criticized

in subsequent works on the subject.5

For the most part, the debates over technological change

concentrated around measurement aspects. No attempt was made to

redefine the concepts and to understand the process by which tech-

nical progress is induced by economic forces. After several years

economists turned to different approaches which emphasized uncon-

ventional variables such as research, extension, and education as

major sources of increased productivity.6

Over time technology became an increasingly important

element affecting growth and development. This notion is demon-

strated by the new theories of agricultural development which

emphasize technological, institutional, and human changes. T.H.

7
Schultz argues that significant growth in productivity cannot be

 

5Among others see T.H. Schultz, Transforming Traditional Agri-

culture (New Haven: Yale University Press, 1964); Zvi Griliches,

"The Sources of Measured Productivity Growth: United States Agri-

culture, 1940-60," Journal of Political Economy 71(4): 331-346,

August 1963. ‘TI

6See Robert E. Evenson, "The Contributions of Agricultural Re-

search and Extension to Agricultural Productivity," Unpublished Ph.D.

dissertation, University of Chicago, 1968; Zvi Griliches, "Research

Expenditures, Education, and the Aggregate Agricultural Production

Function," American Economic Review, 54 (December 1964): 961-974;

P.L. Cline,’"Sources of Prodittivity Change in U.S. Agriculture,“

Unpublished Ph.D. dissertation, Oklahoma State University, 1975.

7T.H. Schultz, Transforming Traditional Agriculture (New Haven:

Yale University Press, 1964):
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brought about by the reallocation of resources in traditional agri-

culture. Transformation is dependent on the decision to invest in

agriculture to make modern high-pay-off inputs available to farmers.

Mellor8 emphasizes the process of agricultural modernization as a

condition for development. He states that "a dynamic contribution

to economic development from the agricultural sector and significant

improvement in rural welfare depend upon the modernization of agri-

culture through technological change." He further suggests that

there is a need to generate new inputs of technological change which

increase the productivity of traditional inputs. Modernization is a

process of increasing the productivity of inputs and of introducing

new and improved inputs. In their important contribution to the

literature of agricultural development Hayami and Ruttan9 have

treated technical and institutional changes as endogenous to the

economic system, and have emphasized the process by which a new and

improved factor is supplied.

The inducement of changes in technology, institutions, and

human nature is an important policy variable. This process has been

the preoccupation of most governments of developing countries and of

international donor organizations which have invested large amounts

of resources in order to induce transformations that can increase

 

8J.H. Mellor, The Economics of Agricultural Development (Ithaca:

Cornell University Press, 1966), p. 223.

9V. Hayami and V.H. Ruttan, Agricultural Development: An

International Per§pective (Baltimore: The Johns Hopkins Press,

1971).
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production of food, the efficiency of use of resources, and improve

the welfare of people.

The basic problem decision-makers face in inducing trans-

formations is the determination of the forms of investment that a

government can make in agriculture in order to foster development.

This point, in fact, is made by Schultz who states that “basically,

this transformation is dependent on investing in agriculture. Thus

it is an investment problem. But it is not primarily a problem of

capital supply. It is rather a problem of.determining the forms

this investment must take, forms that will make it profitable to in-

vest in agriculture."10 This implies that the inducement of trans-

formations in agriculture should come about through investments that

can create conditions for new investments to take place. This, in

turn, emphasizes the need to identify those sectors or subsectors of

the agricultural economy which have a greater potential to induce

changes as the result of investments.

The variable technological innovation in agriculture has be-

come an important factor in the development process. The planning

and organization of the research sector and the identification of

research programs that can affect technological change is presently

a significant problem. To do so requires a great deal of informa-

tion about the structure of production and the major interrelationships

 

1OTJV. Schultz, Transformigg Traditional Agriculture (New Haven:

Yale University Press, 1964), p. 4.



among markets, commodities, producing units, and other economic

forces in the agricultural sector.

Problem Situation and Statement
 

Basically this study concerns itself with the problem of how

research programs can be directed to affect technological change to

increase productivity of scarce resources and increase total pro-

duction of major commodities. Public investment in agricultural re-

search generates technical knowledge that, after being diffused and

adopted, will change the resource base of farmers and the structure

of production of a region or a country. A whole series of impacts

and adjustments will take place following the introduction of new

technologies. Of particular interest are changes in the structure

of use of and demand for agricultural inputs, changes in income and

production patterns, and impacts on the income distribution among

different farm size groups.

The problem of resource allocation to agricultural research

has received increased attention over the past years. This concern

may be seen as the result of: (a) the need to increase the produc-

tion of food to meet increased demand due to population and income

growth; (b) the increased levels of privateandlnflflic investment in

research; (c) the recognition of the potential contribution of tech-

nological change to development; (d) the actual level of knowledge

about the generation of new technology for some specific geographical

areas; (e) the absence of knowledge about the nature of returns to

research investments; (f) the increased concern about a systematic

way to deal with the problem of establishing research priorities,



and (g) the lack of.satisfactory results in respect to actual im-

provements in production and productivity in the agricultural sector.

These factors have contributed to the growing concern over

the organization and planning of research programs in developing

countries. Specifically, major reforms have taken place in the

organization of research activities in Brazil in recent years.11

The concern over the agricultural research system in Brazil arose

from the importance attached to the modernization of agriculture.

The performance of this system was considered very unsatisfactory

in respect to generation and maintenance of a flow of research out-

comes that would be able to meet the needs of the overall process of

development.

The process of reform started with the analysis and diagnosis

of problems of the current situation that led to the formulation of

a new approach involving the institutional, administrative, and

financial organization of the research system. The reorganization

involved the creation of the Empresa Brasileira de Pesquisa

Agropecuaria (EMBRAPA), an agency whose objectives were the planning

and coordinating of research programs in accordance with the policies

of the Federal Government in respect to technology and socio-economic

development. EMBRAPA was allowed adequate administrative and finan-

cial flexibility to execute a national plan of agricultural research

 

nSee Helio Tollini, "Planning Agricultural Research: Concepts

and Practice," in The Future of Agriculture: Technology, Policies

and Adjustments, Collection of Papers and Reports of the Fifteenth

International Conference of Agricultural Economists, Sao Paulo,

Brizil, August 1973.
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and to coordinate the activities of other organizations such as

universities, secretaries of agriculture, and other government

agencies, as well as the private sector.

The responsibility of EMBRAPA is to establish and maintain

research activities throughout the country. Its orientation has

been toward commodity and basic resources. It has established

Regional Research Centers in different regions with the objective

of concentrating efforts on major problems of each region. One

example of basic resource oriented research is the case of "campos

cerrados." The upland savanas, or "campos cerrados,“ represent

extensive areas which at the present time contribute little to the

economy of Brazil. A Regional Research Center has been created to

develop field experiments and carry out systematic examination of

the soils of the "campos cerrados" in order to create technical know-

ledge that would make these areas capable of supporting a much more

intensive agriculture than they do at the present time.

Other Regional Research Centers have been created in major

producing areas to carry out research programs related to products

that are important for the regional economy. In most cases the

centers concentrate research efforts on one commodity or a few re-

lated commodities.

Questions arise concerning the viability of the commodity-

orientation approach because of the widely scattered distribution of

production of major commodities and the difficulties of transferring

technological innovations from one region to another due to marked

differences in environmental conditions. This orientation can
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affect the relative comparative advantages among regions, induce

transference of resources, and have great impacts on income dis-

tribution within the agricultural sector.

At any rate, the responsibility of the research system is

to strengthen the role of agriculture in the development process.

Brazil, as well as other developing countries, is facing the basic

problem of increasing production of food and avoiding the debilitat-

ing effects of malnutrition. Historically, the major source of

output growth in the agricultural sector has been the expansion of

the frontier with incorporation of new land, labor, and associated

capital. As land becomes more scarce, increases in production will

have to rely more on productivity growth.

Brazil is a large country with marked diversities. Its area

has been estimated at 851,000,000 hectares by the National Council

of Geography, and at 846,000,000 hectares by the population census.

According to the 1960 census, only 3.5 percent of the total area of

the country was cultivated, and only some 30 percent of the total

area of the country was counted as land in farms.12 The 1970 census

estimated the population of the country to be 94,508,000 inhabitants,

and classified 44 percent as rural. The population distribution is

very uneven with high concentration on the East Coast and in the

Central-South region. During the 1960-70 period total population

grew by about 3.0 percent per year. Rural population grew at less

 

126. Edward Schuh, The Agricultural Development of Brazil

(New York: Praeger Publishers, Inc., 1970), p. 124.
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than 1 percent per year and urban population grew at an average

13 Rural-greater than 5 percent per year during the same period.

urban migration is the basic factor determining the rate of growth

of the urban population.

The performance of some macroeconomic variables related to

the Brazilian economy during the 1961-70 period is shown in Table 1.1.

The annual growth rate and the rate of inflation give a good idea

of the performance of the economy during that period. The economy

experienced sharp decreases in the rate of growth and high inflation

rates until 1965, mainly because of a political crisis in the early

1960's which led to a revolution and the take-over by the military

in March 1964. The new government initiated a set of economic

policies designed to speed up economic progress and control the rate

of inflation. As a result, inflation was much lower after 1965,

and the rate of growth indicated a strong economic performance by

the end of the decade.

Agriculture has been a major sector of the Brazilian economy.

It-has provided a major source of employment opportunities, produced

a substantial portion of the gross national product, and has been a

significant source of export earnings. For example, in 1970 agri-

culture generated about 15 percent of the Brazilian gross domestic

 

13Ruy Miller Paiva, et al., Setor Agricola do Brasil (Rio de

Janeiro: Editora Forense Universitaria, Ltda., 1973), p. 286.
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‘4 employed 45 percent of the population, and accounted for

15

product,

77 percent of the total national exports.

Average annual rates of growth of the agricultural sector

have been around one-half of the corresponding figure for industry.

For the years of 1968, 1969, 1970 and 1971 these rates were

respectively 1.5, 6.0, 5.6, and 11.4 percent per year.16

Any analysis of the rates of output growth in Brazilian

agriculture must deal with the sources of this growth. A number of

authors have consistently found that most increases in output

occurred through the incorporation of new land. For example, Schuh

has concluded that analysis of the aggregate data shows that output

growth resulted from the expansion of the frontier, with very little

17 Knight also points out thatincrease in resource productivity.

Brazilian agricultural development has relied on a large supply of_

unexploited land and abundant agricultural man-power which made it

possible to increase the area cultivated, and thus production, with-

out a parallel effort to increase productivity in the food-produc-

18
tion sector. Patrick, in a study of the sources of growth in

 

14Centro de Contas Nacionais, Fundacao Getulio Vargas, Rio de

Janeiro, Brazil.

15Ruy Miller Paiva, et al., op. cit., pp. 47 and 286.

16G.Edward Schuh, "The Income Problem in Brazilian Agriculture,"

Paper prepared for the EAPA/SUPLAN of the Brazilian Ministry of Agri-

culture, 1973 (Mimeo).

"113111., p. 11.

18Peter T. Knight, Brazilian Agricultural Technolggy and Trade -

A Stgdy of Five Commodities (New York: Praeger Publishers Inc., 1971),

p. .



15

Brazilian agriculture, has estimated that over 90 percent of the

growth in output of 23 principal crops between 1948-50 and 1967-69

was attributable to expansion in area and 20 percent to yield in-

creases, while a 12 percent decrease was attributable to changes in

location and crop mix.19

Yields in the aggregate have remained very stable although

there have been some exceptions (Table 1.2). Some products such

as rice, beans, coffee, and cocoa experienced decreases in yields;

others, such as corn, manioc, and cotton increased less than 15 per-

cent; wheat, Irish potatoes, and peanuts, however, showed greater

increases in yields during the period.

In general, yield levels have been stable and, compared to

international standards, quite low. Moreover, the aggregate anal-

ysis shows that increases in productivity have been limited to a few

products. This reinforces the notion that productivity has con-

tributed very little to the growth in output of the sector.

The setting of this study is the state of Rio Grande do

Sul, the southernmost state of Brazil. In this state agriculture

presents a different picture than it does in Brazil as a whole, for

in general, its agriculture is more developed than that of other

parts of the country due to appropriate soil and climatic conditions.

Average yields and average use of modern inputs per unit of land

are higher, and mechanization in the crop sector is well developed.

 

19George F. Patrick, "Fontes de Crescimento na Agricultura

Brasileira: 0 Setor de Culturas," in Claudio R. Contador, ed.,

Tecnologia e Desenvolvimento Agricola (Rio de Janeiro: IPEA/INPES,

1975), p. 9.
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The problem of technological change, from a historical point

of view, is well documented by Knight in a study of five commodities

20 He concludes that such tech-in the state of Rio Grande do Sul.

nological change as occurred in Rio Grande do Sul was not sufficient

to result in any statistically significant increase in land or herd

productivity at the state level for five major commodities. The

over-all picture was one of yield stagnation. Any yield-increasing

technological change or movements along production functions appear

to have been offset by declining soil fertility and the extension

of cultivation to more marginal lands.

The consequences of a slow modernization process are various.

Many authors believe that productivity stagnation in the agriculture

sector may present a bottleneck to future economic growth. In the

case of Rio Grande do Sul, Knight2] observes that continued pro-

ductivity stagnation, given the exhaustion of possibilities for

further extensive expansion of output, could have adverse effects

on Brazil's balance of payments and would thus help perpetuate a

foreign-exchange constraint on the over-all rate of economic

growth.

This study analyzes the potential impacts on production, in-

come, employment, and income distribution of the introduction of

new technologies. Such an analysis should provide knowledge useful

to the decision-making process related to resource allocation to

 

20Peter T. Knight, op. cit., Chapter 5.

21111111., p. 133.
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research. In order to set guidelines for research policy and to plan

research activities, information is needed as to how different

technological improvements may potentially affect optimum resource

allocation, employment, and income.

Research Objectives
 

The main purpose of this study is to examine the potential

economic implications of technological change in Southern Brazilian

agriculture. The analysis is accomplished by the use of a dynamic

model of production and resource allocation which incorporates dif-

ferent farm activities and different farm size groups. The extent

to which selected alternative technologies based on seed, fertilizer,

and mechanization will potentially affect production, income,

employment, and income distribution in the regional economy will be

examined.

Specifically, the objectives of the‘study are:

1. To determine optimal land use and production patterns through

time for farms with different sizes in the state of Rio Grande

do Sul, Brazil.

2. To evaluate the effects of introducing alternative agricultural

technology on production, income, employment, resource alloca-

tion, and income distribution among different farm size groups.

In this context it proceeds to:

a) Evaluate the effects of introducing high-yield varieties

with higher biological potential and higher capacity to

respond to fertilizer application, and
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b) Evaluate the effects of changing the level of mechaniza-

tion by varying the combination of labor, animal power, and

tractor use.

Focus and Scope of the Stugy

The economic impact of technological change, as Ruttan22 in-

dicates can be viewed in a sequence of steps following the incor-

poration of new technical knowledge into production decision. First,

there is impact on the cost structure or the product mix of the in-

dividual firm in which new techniques are adopted. Second, there

are shifts in industry demand curves for factors of production due

to change in resource use at the firm level. Third, the supply of

products changes as a consequence of changes in resource use.

Finally, the impact is felt in the whole economy in terms of growth

and distribution of total and per capita income.-

This study attempts to focus on the above aspects of tech-

nological change. It follows an ex-ante approach by asking what

are the potential impacts of alternative decisions of introducing

new technologies in a given region for a group of crops and by

assuming that these technological innovations can be made available

through investment in agricultural research in combination with

favorable general economic policies.

The instrument of analysis used is a regional model of

agricultural production and resource allocation. The area of study

 

22Vernon H. Ruttan, "Research on the Economics of Technolo ical

Change in American Agriculture," Journal of Farm Economics 42(41:

735-754.
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is the state of Rio Grande do Sul in Brazil. The model includes

disaggregation in two farm size groups, "Small Farms" of size 0 to

100 hectares and "Large Farms" of size greater than 100 hectares.

The disaggregation by farm size serves to: a) capture distribu-

tional effects of technology change, b) analyze the interdependence

of different farm size groups competing for regional resources,

and c) partially account for aggregation problems.

The central unit of the model is a multi-period optimum

decision component composed of a Recursive Linear Programming model.

This model is a sequential optimization technique allowing for

changes in resource constraints, objective function elements, and

input-output coefficients. First, a model is developed and tested,

and is supposed to represent the basic structure of regional pro-

duction. Then, this model is used to simulate and evaluate the

impacts of changes in structural parameters related to yield levels

and response to fertilizer, labor, animal, and tractor input-output

coefficients.

The analysis includes two different tests. One so-called

"explanatory test" for 1970-76 is used to "explain“ actual produc-

tion and land use patterns. Among other things, this test is used

for validation of the model. «The second test is a "projection

test" for 1977-1985, which consists of conditional projection of

structural changes in the model. For both tests, recursive, year-

to-year estimating procedures are used to generate a solution for

the following year, which has the solution for the preceding year

as a point of departure.
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Organization of Thesis

This thesis is organized into three major parts. Part A

contains the background and description of the study. It is com-

posed of three chapters. Chapter I consists of a formal statement

of the problem and the objectives of the study. Chapter II con-

sists of a brief review of literature. Chapter III deals with the

setting of the study, including a description of the regional

economy.

In Part B, which is composed of two chapters, the model

formulation is explained. Chapter IV contains a description of the

conceptual model of regional production and resource allocation,

with emphasis on the basic structural relationships analyzed in the

study. Chapter V presents the mathematical formulation of the model.

The model application and analysis are presented in Part C.

In Chapter VI the empirical results are presented and discussed,

with an evaluation of the model performance based on the capacity of

the model to track actual results of some selected variables.

Chapter VII consists of summary and conclusions, including policy

implications, limitations of the analytical framework, and sugges-

tions for further research.



CHAPTER II

REVIEW OF LITERATURE

This chapter presents a review of previous work dealing

with subjects relevant to the study. The review is by no means

exhaustive and consists of a summary of a series of studies with

special emphasis on methodological procedures and research achieve-

ments. An attempt will also be made to point out limitations and

to suggest appropriate modifications for improvements of the var-

ious approaches reviewed. The idea is to show the relationships

between this study and previous works, their possible contribution

to this study, and the ways in which they differ from it.

The major purpose of this chapter is to briefly review

some underlying theories and some models of agricultural sector

analysis that provide some background to this study. The review

will scan five interrelated areas: a) formal economic growth models

and theories, including technical progress; b) the role of re-

search in the economic development process; c) approaches to

empirical measurement of the impacts of research investments;

d) conceptualization of types, definitions, and classification of

technology, with emphasis on its production and resource use

aspects, and e) formal models of agricultural sector analysis

which provide the basis for the production and resource allocation

model developed in this study.

22
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Any kind of economic sector model must be based on some use-

ful theories of economic development and growth. An overall look

at the literature suggests a line of development which is relevant

in this case. This line starts with modern growth models, followed

by the incorporation of the concept and measurement of technical

progress. Then the emphasis turns to the sources of technical pro-

gress and finally to the economic implications of technical pro-

gress in the growth process.

A point of departure for modern growth theory is the Harrod-

Domar model.1 This model is simple and is based on rather strong

assumptions about the economic growth process. The model requires

that employment must grow at the same rate as the labor supply to

allow an economic equilibrium to exist. The consequences of this

assumption is that if the economy deviates slightly from the equi-_

librium growth rate the consequence would be either growing un-

employment or prolonged inflation, since the system has no built-in

equilibrating force. Thus, in general full-employment steady growth

would not be possible, unless the labor force grows at a steady

rate.

The underlying assumption of fixed proportions in the com-

bination of capital and labor in the Harrod-Domar model has been

the main object of criticism.2 The relaxation of this assumption

 

1See F.H. Hahn and R.G.O. Matthews, "The Theory of Economic

Growth: A Survey," Economic Journal, 74 (December 1964): 779-902.

2R.M. Solow, "A Contribution to the Theory of Economic Growth,"

Quarterly Journal of Economics, 70 (February 1956): 65-94.
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was the basis for the development of an alternative growth model

known as the neoclassical model of economic growth which is founded

in an aggregate production function. The pioneer work in this area

is due to Solow,3 who presents a growth model based on a production

function of the Cobb-Douglas type, with two inputs, labor and

capital, and assuming constant returns to scale. In this model,

factor proportions are variable and all rigidities are assumed away.

Basically, the problem of extreme instability of long-run growth

equilibrium is unlikely and balanced growth can be achieved in the

long run. Sato has questioned the speed of adjustment in the neo-

classical growth model when the system moves from one equilibrium

to another. He argues that "if the adjustment period is short,

disequilibrium in the economic system is easily eliminated and

balanced growth is promptly achieved. But if the adjustment period

is long or if factor substitution takes place at a slow rate, dis-

equilibrium, such as unemployment or inflation, may last for a

considerable length of time. If adjustment proceeds at a slow rate

proportions in the combination of capital and labor may virtually

be considered as fixed."4 In fact, his basic conclusion is that

“the adjustment process in the neg-classical system of variable

proportions takes place only at an extremely slow rate.“ For

practical purposes, at least, fixed proportions may not be a very

unrealistic assumption.

 

3R.M. Solow, "Technical Change and the Aggregate Production

Function,“ Review of Economics and Statistics, 39 (1957): 312-320.

4Ryuzo Sato, "The Harrod-Domar Model vs. the Neo-classical

Growth Model," The Economic Journal, 74 (294): 381-387.
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One of the major impacts of the development of an alterna-

tive growth model was to stimulate a variety of studies on tech-

nological change. Solow's formulation led to a formal definition

of the concept of technical progress based on shifts of the produc-

tion function. The increase in output per man that could not be

explained by increases in capital per man was termed technical

change and could be measured by the time-varying intercept of the

aggregate production function.

In earlier models of economic growth, population increase

and capital accumulation were the sole factors causing growth. The

neo-classical approach introduced technical progress as a source of

growth. However, in Solow's first formulation, technical change,

or total factor productivity change, was measured by an unex-

plained residual. This means that technological change is dis-

embodied from the factors of production, and is exogenously deter-

mined outside the economic system. Residual measures of technolog-

ical change give no suggestion of causal process.

Subsequent development in the field concentrated on the

sources of technical change. It was recognized that technological

change is really an endogenous process embodied in the factors of

production. The importance of the model is its usefulness in policy

recommendation. Only an understanding of the sources of produc-

tivity change could provide a set of choices for increasing its

growth rate.

The recognition that the level of technological knowledge

depends on the amount of resources allocated to the production of
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new or modification of the existing technologies brought increas-

ing attention to some unconventional variables such as research, ex-

tension, and education as major sources of productivity growth.

Increasing attention is being given to the role of research

in the development process. Research as an important element in the

process of modernization of agriculture is emphasized in the works

5 6 and Hayami and Ruttan.7 Economic aspects ofof Schultz, Mellor,

agricultural research, including methodology, decision-making pro-

cesses, and welfare implications of technological change are dis-

cussed in a conceptual basis by various authors in a collection of

papers edited by Fishel.8 Tweeten9 discusses the inadequacy of

existing economic analysis tools to analyze problems of research

resource allocation and technical change because of incorrect

assumptions about the operation of the system. He points out that.

research costs are easier to define and measure since they consist

of monetary outlays. But, because of imperfections, costs may be a

very inadequate measure of the utility that could have been derived

 

5T.H. Schultz, Transforming_Traditional Agriculture (New Haven:

Yale University Press, 1964).

60.111. Mellor, The Economics of Agricultural Development (Ithaca:

Cornell University Press, 1966).

7Y. Hayami and V.H. Ruttan, Agricultural Development: An Inter-

national Perspective (Baltimore: The Johns Hopkins Press, 1971).

8Halter L. Fishel, ed., Resource Allocation in Agricultural Re-

search (Minneapolis: University of Minnesota Press, 1971).

9Luther G. Tweeten, "The Search for a Theory and Methodology of

Research Resource Allocation," in Walter L. Fishel, ed., Resource

Allocation in Agricultural Research (Minneapolis: University of

Nfinnesota Press,5197T).
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from the resources had they not been allocated to a given activity.

Regarding output, many measurement problems exist. It would be

useful to have a quantitative measure in terms of dollar value or

physical units of increased productivity or production.

There has been a variety of approaches to the empirical

measurement of returns to investment in agricultural research.

Schultz10 uses the "value of inputs saved" approach which consists

in calculating the value of inputs saved by the incorporation of

improved techniques. He estimates how many more resources would

have been required to produce the 1950 level of agricultural output

1] use theif 1910 techniques had been employed. Tweeten and Hines

same basic idea, though in a different context, to estimate the con-

tribution of agricultural productivity to national economic growth.

Their approach suggests that increased agricultural productivity

has released resources to other sectors of the economy which would

otherwise have been employed in the agricultural sector. The re-

lease of human resources from agricultural production allow them to

be employed in other sectors where the value of their marginal pro-

ducts are higher. This causes national income to rise more than

it would if increases in agricultural productivity had not occurred.

 

‘01.w. Schultz, The Economic Organization of Agriculture (New

York: McGraw-Hill, 1953).

nLuther G. Tweeten and Fred K. Hines, "Contributions of

Agricultural Productivity to National Economic Growth," Agri-

cultural Science Review 3 (Second quarter 1965): 40-45.
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Benefit-cost analysis has also been widely used to study re-

turns and welfare effects of investments in research. This technique

uses a partial equilibrium approach based on the concept of economic

‘2 calculates the rate of return to research bysurplus. Griliches

estimating the loss in consumer surplus to society that would occur

if hybrid corn had not been developed.

A major gap in knowledge in the area of investment in agri-

cultural research is the distributional effect of technological

change. In view of the increased public concern over income dis-

tribution, more information is needed<n1functional and personal

distribution of income. Some studies have attempted to extend the

analysis of previous work based on the concept of economic surplus

to investigate who benefits from certain technical changes, in-

stead of concentration on social rates of return. Schmitz and

Seckler13 consider the distribution impacts of mechanized agri-

culture by analyzing the introduction of the tomato harvester. In

a sense, they go beyond usual welfare analysis by investigating

what happened to the labor resources saved or displaced by mech-

anization.

 

12Zvi Griliches, "Research Costs and Social Returns: Hybrid

Corn and Related Innovations," Journal of Political Economy_66

(October 1958): 419-431.

13A. Schmitz and D. Seckler, "Mechanized Agriculture and

Social Helfare: The Case of the Tomato Harvester," American Journal

of Agricultural Economics 52 (November 1970): 569-5771
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Ayer and Schuh14 analyze cotton research in Brazil using

the usual economic surplus concept, but then go on to evaluate the

distribution of the benefits of the new technology in the form of

high yield varieties developed in a major producing area. Their

results show that, on the average, about 60 percent of total social

gains have gone to the producer in the form of producer surplus and

about 40 percent to the consumer as consumer surplus. On the produc-

tion side, they conclude that because of the characteristics of the

land and labor market most of the benefits 90 to landowners in the

form of capital gains. Very little goes to the labor force, which

benefits from the creation of additional employment but not from

higher real wages which should reflect the increases in productivity

due to the new technology. Interestingly enough, they find that

one of the benefits of the research program is the maintenance of

the comparative advantage of the region, by the prevention of cotton

production spreading more rapidly to other areas. This shows the

impacts that public investments in region and crop specific research

can have in strengthening development in one region vis a vis others.

As Tweeten15 has observed, ". . . concentration of research funds

in geographic areas and institutions not only provides direct

 

14H.111. Ayer and G.E. Schuh, "Social Rates of Return and Other

Aspects of Agricultural Research: The Case of Cotton Research in

Sao Paulo, Brazil," American Journal of Agricultural Economics 54(4):

557-569.

15Luther G. Tweeten, "The Search for a Theory and Methodology

of Research Resource Allocation," in Walter L. Fishel, ed., Resource

Allocation in Agricultural Research (Minneapolis: University of

Minnesota Press, 1971), p. 57. *
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economic benefits but also builds a technological base in order to

attract technologically oriented industry as well as more federal

funds. This can generate a disparity in income among regions."

Another approach to the study of the contribution of re-

search to productivity gains is aggregate production function and

regression analysis. This approach attempts to estimate marginal

returns to research by using agricultural research expenditures as

a separate explanatory variable. One of the first attempts to de-

‘5 who introduced bothfine this relationship was made by Griliches,

research and extension expenditures as explanatory variables.

Time lags in research investments can be introduced by the

production function and regression analysis approach through the use

of distributed lag techniques. Evenson17 explicitly formulates this

relationship by hypothesizing that the flow of returns to research

resembles an inverted V. This means that the returns first increase

as knowledge is generated and adopted, reach a maximum, and then de-

crease as the knowledge is depreciated. A recent contribution which

18 who estimatesextends Evenson's approach is presented by Cline,

lags in and returns to agricultural research in different regions of

the United States.

 

16Zvi Griliches, "Research Expenditures, Education, and the

Aggregate Agricultural Production Function," American Economic Re-

'view 54 (December 1964): 961-974.

17Robert E. Evenson, "The Contribution of Agricultural Research

to Production," Journal of Farm Economics 49(5): 1415-1425, December

1967.

 

18Philip Lee Cline, "Sources of Productivity Change in United

States Agriculture," unpublished Ph.D. Thesis, Oklahoma State Univer-

sity, 1975.
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The role of agricultural research in the development pro-

cess has been emphasized as a major source of production technology.

The Hayami and Ruttanlg theory of induced technological change

stresses the importance of relative factor endowment in determining

the efficient path to modernization and output growth. According

to this theory, an important factor is production technology which,

in their view, should be developed to ease production constraints

determined by factor supply rigidities. Production technology

facilitates the substitution of one resource for another, leading to

substantial increases in output. The extent to which substitution

takes place is mainly a function of the impacts the technology has

on the marginal rates of substitution between pairs of inputs.

For the purpose of understanding the relationships involved

in the process of technological change in respect to resource use

adjustments and production response, technologies are usually

classified in very broad categories. The different types of tech-

nologies can be characterized in terms of their own impact on the

marginal rates of substitution among capital, labor, and land, and

on yield level. At least in a conceptual basis, this problem is

well understood. Difficulties arise, however, in relation to

empirical analysis of basic economic and welfare aspects of one

type or package of technological innovations.

 

19Y. Hayami and V.H. Ruttan, Agricultural Development: An

International Perspective (Baltimore: The Johns Hopkins Press,

1971).
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One of the first distinctions among types of technology was

made by Heady.20 He distinguished between "mechanical" and "bio-

logical" innovations, the former primarily labor-saving (cost-re-

ducing), with a negligible output-increasing effect, the latter

basically yield-increasing and labor-saving. Hayami and Ruttan2]

make basically the same distinction. They distinguish between

"mechanical" and “biological and chemical“ innovations. They also

observe that, historically, mechanization has displaced labor with-

out significant impact on yields and biological innovations have

had a land-saving impact. Their classification stresses the role of

fertilizer impact and the interaction between fertilizer and high-

yielding crop varieties.

The development of technology in the form of high-yielding

crop varieties facilitates the substitution of fertilizer for land.

The critical difference between improved and indigenous varieties

is that the former tend to have a larger, more sustained response

to fertilizer. Traditional varieties either respond only slightly,

or, in some cases, negatively to applications of fertilizers.

Schuh22 points out another aspect of the interaction between ferti-

lizer and high-yield varieties. He observes that in

 

20Earl O. Heady, "Basic Economic and Welfare ASpects of Farm

Technological Advance," Journal of Farm Economics 21(2): 293-316

21

0

Y. Hayami and V. W. Ruttan, 92, 513,, pp. 43-53.

226. E. Schuh, "The Modernization of Brazilian Agriculture,"

Paper prepared for the United States National Academy of Science,

1973 (Mimeo).



33

addition to the effects of permitting the substitution of fertilizer

for land with yield and output increases, the new technology, in the

form of improved varieties, permits the introduction of an input pro-

duced in the industrial sector into the agricultural sector. If

it were not for the new technology, the introduction of this input

would not be feasible, since the use of the input supplied by the

industrial sector would not be profitable.

Recently, De Janvry23 classified technologies into four

categories: mechanical, biological, chemical, and agronomic. The

first three are consistent with earlier definitions in terms of their

characterization, while agronomic refers to cultural practices and

management techniques. One important point of this distinction is

the consideration given to management, as a factor of production,

and its relationship to technology. In many cases the decision to

adopt a certain type of innovation depends on the management skills

available to deal with such innovations and also on how much manage-

ment time can be saved from one activity and used in other activities.

Following Seckler,24 De Janvry finds it useful to distinguish

between "on line" management and "staff" management. The former con-

sists of the actual direction of farm activities, the process of

 

23Alain De Janvry, "A Socioeconomic Model of Induced Innovations

for ArQEntine Agricultural Development," Quarterly Journal of Economics,

87(3): 410-435.

240. Seckler, "Reflections on Management, Scale, and Mechaniza-

tion of Agriculture," Proceedings of the Western A ricultural

Economics Association (Tucson, Arizona: July 1970 .
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conducting and coordinating tasks and operations on the farm. The

latter deals with decision-making as to choice of activities and

techniques, principally investment decisions, financial and fiscal

administration, and commercial activities.

According to De Janvry, mechanical innovations raise the

productivity of labor mainly through increases in land per worker.

By reducing labor costs, they will substantially reduced on-line

management requirements.: Staff management requirements may increase

somewhat as the firm becomes more capital-intensive. Biological

innovations are fairly neutral on labor and management requirements.

They are slightly capital-using and moderately yield-increasing when

used outside of complete packages of techniques. Chemical innova-

tions aim at increasing yield. They are fundamentally land-saving

in permitting substitution of capital and labor for land. As capital

and labor deepens, however, more on-line and staff management per

unit of land are required. Finally, agronomic innovations are

labor-using on-line-management-using, and land saving. Like chemicals,

they are strongly yield-increasing. Packages of biological, chemical,

and agronomic technologies combine the factor biases of their com-

ponents and tend to be labor-using and on-line-management-using and

very strongly yield-increasing.

These distinctions and characterizations of different types

of technologies show how resource allocation will tend to differ with

25
the introduction of technical innovations. For example,

 

25For an empirical analysis of employment effects of seed-

fertilizer innovations see B.F. Johnston and J. Cownie, "The Seed-

Fertilizer Revolution and Labor Force Absorption," American Economic

Review, 59(4): 569-582.
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mechanization will require less labor, more capital, less on-line

management, and more staff management per unit of land. In addition,

it also indicates resource productivity impacts. Mechanization con-

siderably raises the yield per unit of labor; it generally does not

lead to significant yield increases per unit of land.

Finally, the last part of this review will refer to formal

models of production and resource allocation. Obviously, it is

impractical to try to be complete here, due to the vast number of

studies in this area. The review will basically refer to some

Recursive Linear Programing studies which provide analytical frame-

work for this study.

Activity analysis, in its various forms, has been used ex-

tensively to analyze problems in which choices and decisions are

characterized by a complex set of interdependencies. The problem of

optimal resource allocation under alternative technologies has been

analyzed using comparative statics linear programming. Usually it

involves the construction of different models with sets of input-

output coefficients specified for each "technological level."

Coffey26 uses this approach to analyze the effects of the introduc-

tion of modern farming practices upon the net returns to agriculture

in the Sierra region of Peru. He develops sets of input-output co-

efficients representing four "technological levels" for each of the

crop and livestock activities included in the model. One set was

 

260.0. Coffey, "Impact of Technology on Traditional Agriculture:

The Peru Case," Journal of Farm Economics, 49(2): 450-457.
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designed to reflect the existing input-output relationships in the

region. The second set was based upon the highest levels of effi-

ciency which have been attained in the region under experimental

conditions when all the recommended practices were followed. The

other two sets of coefficients represented intermediate levels be-

tween the two aforementioned extremes. Three regional revenue-

maximizing linear programming models were specified to correspond

to the estimated resource availabilities and adjustment potentials

for the years 1963-64, 1980, and 2000.

Recently, Faisal27 used the same approach to investigate the

efficient allocation of productive resources and to determine the

Optimal land use and production pattern in four regions of Bangladesh

under two technological levels, existing agricultural technology and

technology projected for 1985.

The general framework of analysis used in this study is

Recursive Linear Programming. It is a form of activity analysis

which takes into consideration the dynamic aspects of the decision-

making problem and introduces the idea of sequential planning be-

havior, which seems to characterize the actual decision-making pro-

28 w
cess. This approach to programming was pioneered by Day ho

used the technique to study production response and other aspects

 

27Mohammad Faisal, "Optimal Land and Water Use and Production

Response Under Alternative Technologies in Bangladesh - A Programming

Approach," Unpublished Ph.D. Dissertation, Michigan State University,

1977.

28Richard H. Day, Recursive Programming and Production Regponse

(Amsterdam: North-Holland'Publishing Co., 1963).
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of agricultural development in the Mississippi Delta of the United

States. Recursive programming incorporates the time variable in

a "forward-looking" fashion. Newly acquired information is used to

continually reformulate the decision-making process through time.

It differs from polyperiod programming, which considers various

periods within a planning horizon and takes into account backward

and forward effects when solving simultaneously for all periods. As

Day29
points out, "A recursive programming problem is not solved by

a single decision that claims to determine what action will be

optimal in each planning period within the time horizon, as do

current versions of dynamic programming. Instead, it recognizes

that plans for the future must be changed during each succeeding

lplanning period to account for the actual history of economic

variables.“

30
Heidhues presents a recursive linear programming model of

farm growth in Northern Germany in which the basic modeling unit is

the individual farm firm. Models of regional development are pre-

31
sented by Singh and Mudahar,32 both applied to the Punjab area in

India.

 

29Richard H. Day, "An Approach to Production Response," Agri-

cultural Economic Research 14(4): 134-148.

30Theodor Heidhues, "A Recursive Programming Model of Farm

Growth in Northern Germany," Journal of Farm Economics 48(3): 668-684.

311.3. Singh, "A Regional R.L.P. Model of Traditional Agri-

culture," Occasional Paper No. 19, Department of Agricultural Economics

and Rural Sociology. Ohio State University, November 1970.

32M.S. Mudahar, "A Dynamic Microeconomic Analysis of the Agri-

cultural Sector: The Punjab," Workshop Series No. 7052, Social

Systems Research Institute, The University of Wisconsin, 1970.



38

With reference to Brazil, there is the work of Ahn33 who

used the recursive programming approach to study agricultural trans-

formation in the wheat-producing area of Southern Brazil during the

1960-70 decade. This model is for one region with disaggregation

into three farm size groups to account for aggregation problems.

Basically the objective of the study was to analyze agricultural

transformation during the period characterized by: (l) a shift from

the traditional livestock production on extensive natural pastures

to intensive cropping of wheat and soybeans and intensive livestock

production on improved pasture systems, and (2) a consequent in-

crease in mechanized crop farming.

Recursive linear programming is very appropriate to handle

resource allocation problems in a systems simulation model. An ex-

ample is the Korean Agricultural Sector Simulation model which has

a farm resource allocation component modeled by recursive programming

and is designed to study, among other things, farm mechanization

34
problems at a regional level. The component model is described

 

33C.Y. Ahn, "A Recursive Programmin Model of Regional Agri-

cultural Development in Southern Brazil 11960-1970): An Application

of Farm Size Decomposition," Unpublished Ph.D. Dissertation, The Ohio

State University, 1972.

34G.E. Rossmiller, et al., Korean Agricultural Sector Analysis

and Recommended Develgpment Strategies, 1971-1985 (East Lansing:

Michigan State University, 1972). '
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35 36
by de Haen and Lee and by de Haen. It includes 19 commodities

or commodities groups and three regions. Disaggregation into farm

size groups was not considered necessary, because of a land reform

and a legal limitation of the maximal farm size in Korea.

‘In general, a recursive linear programming model has two

basic sets of relationships: (1) on-farm decision structure, and

(2) dynamic feedback mechanisms. The basic differences between

static and recursive linear programming are the recursive feedback

mechanisms which relate on-farm decisions between two points in

time, say t and t+l. Most of the RLP models consider only be-

havioral bounds and resource-augmenting equations as dynamic feed-

back mechanisms. This is the same as considering the restriction

elements as varying over time and placing upper and lower bounds in

the level of real activities. A RLP model may include dynamic feed-

back mechanisms for the objective function coefficients, for the

constraints elements, and for the input-output coefficients.

It is true, however, that what will determine the basic

structure of a model are the objectives for which the model is

built. The decision to include or exclude certain relationships and

variables should be based on the problem and hypothesis under in-

vestigation.

 

35Hartwig de Haen and J.H. Lee, "Dynamic Model of Farm Resource

Allocation for Agricultural Planning in Korea - Application of Re-

cursive Programming Within a General System's Simulation Approach,"

Project Working Paper 72-1, Agricultural Sector Analysis and Simula-

tion Projects, Michigan State University, East Lansing, 1972.

36Hartwig de Haen, ”Preliminary User's Guide to the Recursive

Linear Programming Resource Allocation Component of the Korean Agri-

cultural Sector Model," KASS Working Paper 73-2, Michigan State Univer-

sity, East Lansing, 1973.
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In general, three major problems are present in the models

reviewed above. They are: the exclusion of important resource

restraints, estimation of flexibility coefficients, and aggrega-

tion problems. Theoretically, all possible restraints affecting

farmers' decisions should be included in the model. These could be

different types of land, labor, various kinds of machinery, and

financial constraints. The accuracy of the flexibility coefficients

will, in large part, determine the performance of any RLP model.

With few exceptions, the methods used to estimate these coefficients

have been rather simple. They are usually based on averages of past

average changes or on simple regression models. More sophisticated

methods should be developed based on economic as well as on non-

economic variables. Aggregation bias is always a problem in regional

models. One solution would be to build the model with disaggrega-

tion by homogeneous regions, farm size, and resource types.

Theoretically, a RLP model would require a distinct input-

output matrix for each year of the analysis. Few recursive program-

ming models have considered this possibility. In most models with

a time-varying input-output matrix the element that varies through

time is yield. Since the structure of resource combination is char-

acterized by a dynamic process, there are reasons to consider other

elements of the input-output matrix as well, for instance, changes

in feed inputs for livestock activities, to account for increased

efficiency in feeding practices, and changes in labor inputs over

time for production activities-to account for the fact that farmers

tend to simplify and organize task combinations and sequences more
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effectively. Another possibility is to consider changes in the pro-

portions of labor, animal, and tractor power over time to account

for an increased level of mechanization.

In this study a Recursive Linear Programming model is used

as the basic approach to represent resource allocation decisions of

farmers in the region studied. The most important resource re-

straints affecting farmers' decisions are considered in the model.

Flexibility coefficients are estimated based on past average changes

in crop area. Disaggregation in two farm size groups is used to

account for aggregation bias. The model allows for changes over

time in all three components of the linear programming structure.

Varying with time are all objective function coefficients, all con-

straint elements, and the input-output coefficients related to labor,

tractor, and draft animal requirements.

In summary, this chapter presents a review of a number of

works related to the present study. The review scans different

interrelated areas and is intended to provide some background for

analyzing the impacts of alternative technologies on production,

income, and resource allocation in the agricultural sector. Even

though a review of the literature for estimating research returns

was presented, it should be clear that this is not the focus of

this study. The basic analytical framework followed is the analysis

of the potential impacts and adjustments on the production structure

of the region studied that will occur if alternative varietal and

mechanical technologies are introduced. A regional programming model

is used for estimating the effects of technological change in pro-

duction, income, and resource allocation in the region.



CHAPTER III

THE REGIONAL SETTING OF THE STUDY

The main purpose of this chapter is to present some de-

scriptive information about the area under consideration in this

study. The first part of the chapter contains some macroeconomic

data<n1the South Region of Brazil and the states which form this

region with the objective of showing the importance of the agri-

culture sector and the relative position of the state of Rio Grande

do Sul in the regional economy. The second part summarizes the

characteristics of agriculture in Rio Grande do Sul with reference

to the structure of land tenure, production technology, and de-

scription and interrelationships among farm activities.

The Geographic Setting

The regional setting for this study is the state of Rio

Grande do Sul, the southernmost state of Brazil. This state and

the states of Parana and Santa Catarina form the South Region of

Brazil. The region has an area of 577,723 km2 which corresponds to

6.8 percent of the total area of the country. Its population in

1970 was estimated at 16.7 million habitants, about 17.6 percent

of the Brazilian population. Its population density is 29.68 per-

sons per square kilometer.1

 

1Ruy M. Paiva et al., Setor Agricola do Brasil (Rio de Janeiro:

Editora Forense Universitaria, Ltda., 1973), p. 278.
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In 1968 the domestic income of the South Region was estimated

at Cr$13,613 millions which corresponds to 17.3 percent of the domes-

tic income of the country. Agriculture comprised 36.8 percent, in-

dustry 15.2 percent, and services 48.0 percent of the regional do-

mestic income (Table III.1).

Table III.l: Estimated Domestic Income by Sectors, South Region of

Brazil, 1968 (Cr$1,000).

 

 

States Agriculture Industry Services Total

Parana 2,101,036.1 479,746.7 2,234,678.4 4,815,461.2

Santa Catarina 705,025.4 453,251.7 918,076.5 2,076,353.6

Rio Grande do

Sul 2,201,165.3 l,l34,464.5 3,385,698.0 6,721,327.8

South Region 5,007,226.8 2,067,462.9 6,538,452.9 13,613,142.6 
 

Source: Centro de Contas Nacionais IBRE-FGV.

The state of Rio Grande do Sul accounted for approximately

50 percent of the domestic income of the region in 1968. Agriculture

is the second most important sector in the state's-economy, account-

int for 33 percent of the domestic income in 1968. Within the agri-

cultural sector, the subsector of crops is the most important and was

responsible for 69 percent of the agricultural gross product of the

state in 1969 (Table III.2).
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Table III.2: Agricultural Gross Product by Subsectors, South

Region of Brazil, 1969 (Cr$1,000).

 

 

States i Crops Livestock Forestry Total

Parana 2,561,064.4 516,522.5 57,635.1 3,135,222.0

Santa Catarina 503,411.3 340,115.0 57,381.9 900,908.2

Rio Grande do

Sul 2.

5,104,698.5 1,691,835.0 203,183.8 6,999,717.3

;

l

l

l

1

l

‘.

South Region (

040,222.8 835,197.5 88,166.8 2,963,587.1

 

Source: Centro de Contas Nacionais, IBRE-FGV.

Some Characteristics of Agriculture in Rio Grande do Sul

The state of Rio Grande do Sul is one of the most important

producers of agricultural products in the South Region and also in

the country. It has experienced developments characteristic of the

agricultural sector during the past decade, among them changing out-

put patterns, changing technology, and a considerable variation in

farm size and organization. Because of its mild and temperate

climate and fertile soils, Rio Grande do Sul has significantly con-

tributed to the agricultural output of Brazil. It has provided

large amounts of beef and is the most important wheat producer in

the country, accounting for about 90 percent of the country's wheat

harvest in the crop year 1970-71.

Table III.3 presents some data which summarizes the changes

in agricultural organization and input relationships in Rio Grande

do Sul during the 1960-1970 decade. Increases in farm numbers and

cultivated area represent two dimensions of frontier expansion and
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Table III.3: Some Characteristics of Agriculture in Rio Grande do

Sul, Brazil, 1960-1970

 

 

 

Percent Change
1960 1970 1960/1970

Number of Farms 380,201 512,422 35

Cultivated Area (Ha) 3,212,698 5,298,779 65

Number of Tractors 15,169 38,317 153

Farms per Tractor 25 13 -48

Cultivated Area per

Tractor (Ha) 212 138 -35

Persons Occupied in

Agriculture 1,334,039 1,467,452 10

Area Cultivated per 2

Person (Ha) g 2.4 3.6 50

Persons Occupied per ‘

Tractor i 88 38 -57
1

I

Source: Dale W. Adams et al., "Farm Growth in Brazil,"

Department of Agricultural Economics and Rural

Sociology, The Ohio State University, 1975.

agricultural intensification. Farm numbers increased by only 35 per-

cent, but a higher intensification of agriculture was achieved by a

65 percent increase in area cultivated during the 1960-1970 decade.

This increase was due largely to wheat and soybean production.

Assuming numbers of tractors and their relationship to

labor and cultivated area as a proxy for mechanization, it is

apparent that a great transformation occurred during the 1960's.

From 1960 to 1970 tractor anbers rose from 15,169 to 38,317, an

increase of 153 percent. Farms per tractor decreased by 48 percent,
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cultivated area per tractor decreased by 35 percent, and persons

occupied per tractor decreased by 57 percent during the same period.

This indicates a higher level of modernization as measured by the

higher proportion of capital per labor and per land in 1970 relative

to 1960.

Change in employment is another aspect of the structural

transformation of agriculture. From 1960 to 1970 the state of Rio

Grande do Sul still showed an absolute increase of 10 percent in the

number of persons employed in agriculture. When this increase is

related to cultivated land, it reflects an increase from 2.4 to 3.6

cultivated hectares per person. In the aggregate, this corresponds

to an increase of 50 percent in the efficiency of labor.

Data on distribution of land by farm size categories show a

highly skewed distribution pattern for 1960 and 1970 (Table 111.4).

Table III.4: Percent Distribution of Land by Farm Sizes, Rio

Grande do Sul, Brazil, 1960 and 1970 (Percent)

 

 

 

Sizes 1960 1970

(Ha)

Farms Area Farms Area

0 - 10 26.26 2.33 34.61 3.58

10 - 100 66.45 30.26 58.82 32.40

100 - 1,000 6.44 31.10 5.83 35.19

1,000 - 10,000 0.81 30.12 0.63 27.50

Over - 10,000 0.02 6.19 0.00 1.33

Unclassified 0.02. -- 0.11 --

TOTAL 100.00 100.00 100.00 100.00  
Source: Anuario Estatistico do Brasil, IBGE.
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The data show no significant improvement in the concentra-

tion of ownership from 1960 to 1970. The proportion of farms under

ten hectares grew by 8.0 percent during the period. These farms

constituted 34.6 percent of total farm numbers in 1970 yet held only

3.58 percent of the land area compared to the farms of 1,000 hectares

or more which accounted for 0.6 percent of the farms and 28.8 percent

of the area. Of course, this type of data does not reflect the vary-

ing quality of land, especially the large amount of poor land on many

large farms.

Production activities in Rio Grande do Sul are rather diver-

sified due to variations in altitude and climatic conditions. The

main products are wheat, corn, soybean, rice, flax, beef and dairy

cattle, sheep and hogs. Of these products the most important ones

are wheat, soybean, corn, rice and beef. In the years 1965-67, Rio

Grande do Sul produced 87.6 percent of Brazil's wheat, 81.7 percent

of her soybeans, 18.9 percent of her corn, 18.6 percent of her rice,

and 13.0 percent of her beef.‘ Among exports, Rio Grande do Sul

accounted for 84.7 percent of the rice, 85.4 percent of soybeans and

soybean products, and 89.9 percent of the chilled and frozen beef

exported by Brazil in the years 1965-67.2 Thus, Rio Grande do Sul

has contributed significantly to Brazilian output and trade in these

five important agricultural commodities. In its wheat production

it has been an important producer of an import substitute, since

 

2Peter T. Knight, Brazilian Agricultural Technology and Trade -

A Study_of Five Commodities (New York: Praeger Publishers, Inc.,

1971). p. 34.
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wheat is the only major agricultural product which Brazil imports

in significant quantities.

The problem of relatively low yields and slow yield increases

for the main crops in Rio Grande do Sul has already been mentioned

in Chapter I. Yield increase per unit of land is one of many in-

dexes of technological change in agriculture which is commonly used,

despite its faults. This index, however, is deficient in that it

can be greatly affected by weather and disease incidence. Because

land productivity is largely dependent on these factors, it may not

show any upward movement even though technological progress has

occurred to a certain extent.

The relative importance of the four major crops in Rio

Grande do Sul over time is shown in Table III.5. All crops have

experienced increase in cultivated area over time. Corn, an impor-

tant crop for small farms, has been more or less stable or has

shown a slight downward trend during the last eight years of the

series. The relative importance of Rio Grade do Sul as a major pro-

ducer of wheat and soybeans is clearly demonstrated by the signif-

icant increases in cultivated area with these two crops. From 1970

to 1976 the cultivated area of soybeans rose from 871,202 hectares

to 3,297,000 hectares, an increase of 278 percent. The total area

cultivated with these four crops corresponded to 85 percent of the

total cultivated area in the state in 1970.

In terms of production, data in Table III.6 show that rice

and corn have grown at much lower rates than wheat and soybeans.

Production of wheat increased from 532,336 tons in 1960 to 1,500,000
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Table III.5: Harvested Area for Four Field Crops, Rio Grande do

Sul, 1960-1976 (Hectares)

Year Rice Corn Wheat Soybeans

1960 341,500 1,216,553 941,109 159,423

1961 355,581 1,281,604 832,176 227,155

1962 377,452 1,361,531 544,533 294,892

1963 385,338 1,403,915 600,251 318,298

1964 391,339 1,420,298 541,581 334,520

1965 449,561 1,577,577 571,111 386,452

1966 375,312 1,632,124 545,433 416,297

1967 390,813 1,626,875 658,289 490,870

1968 382,987 1,670,195 757,748 557,027

1969 409,037 1,730,130 1,072,574 649,116

1970 430,822 1,737,080 1,500,000 871,202

1971 412,322 1,722,014 N.A. 1,133,213

1972 433,684 1,717,006 N.A. 1,459,594

1973 415,934 1,507,083 1,372,952 2,217,570

1974 435,600 1,525,000 1,565,380 2,770,000

1975 470,000 1,524,138 1,898,923 3,113,286

1976 520,000 1,580,000 2,016,000 3,296,000

 

Note: N.A. = Not Available.

Source: Anuario Estatistico do Brasil - IBGE.
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Table III.6: Production of Four Field Crops, Rio Grande do Sul,

1960-1976 (Metric Tons)

Year Rice Corn Wheat Soybeans

1960 888,675 1,582,136 532,336 188,500

1961 1,090,099 1,765,006 397,664 252,556

1962 1,169,789 1,870,590 520,695 320,755

1963 1,275,304 1,947,839 262,909 294,828

1964 1,180,661 1,773,764 477,929 275,946

1965 1,304,210 2,243,859 420,575 463,153

1966 1,167,788 2,280,929 466,289 483,339

1967 1,281,103 2,331,002 481,907 550,814

1968 1,285,605 1,971,319 665,034 423,585

1969 1,353,673 2,233,679 1,065i888 744,498

1970 N.A. 2,386,627 1,500,000 976,807

1971 N.A. 2,370,510 N.A. 1,392,917

1972 N.A. 2,234,886 N.A. 2,173,553

1973 1,433,872 2,100,808 1,535,887 2,872,060

1974 1,550,000 2,236,000 1,690,000 3,870,000

1975 1,700,000 2,67,322 1,234,300 4,688,521

1976 1,850,000 2,493,000 1,914,400 5,107,000

Source: Anuario Estatistico do Brasil - IBGE.

Note: N.A. = Not Available.
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tons in 1970 and to an estimated 2,004,000 tons in 1976. Even higher

increases have occurred in soybean production, which rose from

188,500 tons in 1960 to 976,807 tons in 1970 and to an estimated

5,331,000 tons in 1976. The data on physical output and cultivated

area for the four field crops reinforce the point that the increased

production was primarily due to the increased use of land rather than

to improving yield per hectare.

One interesting aspect of the growth of area cultivated and

production of these four crops is the interrelationships among them

and beef production. Cropping patterns have changed significantly

in the past decade due to differences in profitability of these major

farm activities. Basically, what has characterized agricultural

transformation in Rio Grande do Sul is a shift from the traditional

range livestock production on extensive natural pastures to intensive

cropping of wheat and soybeans and intensive livestock on improved

pasture systems. Intensification in the use of agricultural land

was made possible by a rapid increase in mechanization.3

During the 1960-1970 decade, price subsidy for wheat and a

subsidized credit program tied with the purchase of commercial

 

3For detailed analysis of agricultural transformation in Rio

Grande do Sul see Norman Rask, "Technological Change and the Tradi-

tional Small Farmer of Rio Grande do Sul - Brazil," Occasional Paper

No. 85, Department of Agricultural Economics and Rural Sociology,

The Ohio State University, June 1972; C.Y. Ahn, "A Recursive Pro-

gramming Model of Regional Agricultural Development in Southern-

Brazil (1960-1970): An Application of Farm Size Decomposition,“

Unpublished Ph.D. Dissertation, The Ohio State University, 1972;

and Joaquim J.C. Engler, "Alternative Enterprise Combinations Under

Various Price Policies on Wheat and Cattle Farms in Southern Brazil,"

Unpublished Ph.D. Dissertation, The Ohio State University, 1971.
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inputs was largely favorable to wheat production in Rio Grande do

Sul. Furthermore, high prices for soybeans in the world markets and

the complementary relationship between wheat and soybeans have en-

hanced the competitive nature of these two crops. Soybeans can be

produced in double-cropping rotation with wheat without fertilizer

application, allowing fuller use of the labor and machinery inputs

needed for wheat production.4

Cattle production has not been able to compete effectively

with wheat and soybeans due to low cattle prices and the lack of

direct incentives for this enterprise. As a result, wheat and soy-

beans have replaced extensive natural pastures and forced livestock

producers to shift to a higher productive alternative cattle pro-

duction system based on improved pasture systems. Rice and corn

have not been significantly affected by wheat and soybeans. Soybeans

have replaced corn only in some areas where land is of better quality.

Beef production has been a very important activity in Rio

Grande do Sul for a long time. In terms of area occupied, it is by

far the most important. Census data show that 61 percent of the

agricultural area in 1970 was devoted to pastures, with 59 percent

natural pasture and 2 percent cultivated pasture. The area devoted

to crops was 21 percent of the total.5

There are significant interrelationships between beef and

other activities. Rice and beef production are largely complementary

 

4Joaquim J.C. Engler, op, 913,, pp. 9-10.

5Anuario Estatistico do Brasil - IBGE.
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activities. Natural pastures have their highest carrying capacity

in the summer when rice lands are occupied, but in the winter, when

carrying capacity of pastures sharply decreases rice lands are

available for grazing. This combination is very appropriate, since

the most important factor limiting productivity in the beef sector

is the winter forage shortage. As mentioned above beef production

has been replaced by wheat and soybeans because of low profitability

of the cattle enterprise in comparison to wheat and soybeans.

Most rice production in Rio Grande do Sul takes place on

irrigated lands. It is a fairly advanced activity in terms of its

agro-technical characteristics. Productivity is somewhat correlated

to the size of area planted with rice in each farm unit due to better

management techniques in relation to water and fertilizer applica-

tion. Mechanized land preparation is a common practice, but harvest

mechanization is not very feasible due to drainage problems.

Varietal improvements for rice have not provided more than 10 to 15

percent increase in yield above the indigenous varieties. Moreover,

improved varieties have not been capable to efficiently use high

levels of nitrogen fertilization.

Wheat production takes place on large farms with an extensive

use of mechanized equipment, and on small farms with the use of

animal power and large amounts of labor. Even though the land on

large farms tends to be of lower quality, yields on mechanized farms

average about 5 percent higher than on non-mechanized farms due to

better management techniques and higher fertilization. Most varietal
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improvements in the past have been directed toward disease resistance,

with little attention to fertilizer response.

Soybean production has increased in importance in recent years

due to increased domestic and foreign demand for soybeans and soybean

products. Soybeans are cultivated independently or in double cropping

with wheat. When cultivated in double cropping, soybean planting

has to be delayed and this causes a decrease in yield of up to 30 per-

cent. Because of the timing of operations, mechanization is highly

necessary. Production costs are lower for soybeans following wheat

because of lower land preparation costs and because fertilizer is

not applied.

Corn is cultivated mostly in farms of smaller size using

traditional technology. It is closely associated with hog enter-

prises; most corn is an intermediate good in hog production. Soy-

beans are a potential substitute for corn in production. In some

areas black and brown beans for human consumption and manioc are

interplanted with corn.

The interrelationships among farm activities in terms of

the timing of operations and input utilization during the year are

illustrated by the calendar of operations given in Table 111.7. The

year is divided into three periods representing the major peak

seasons in respect to input utilization. This classification is

quite aggregate but should be sufficient for purpose of this study.

Lack of data does not allow for a more disaggregated classification.

The three periods adequately represent the peaks in labor use.
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In conclusion, this chapter shows that the state of Rio

Grande do Sul is one of the most important producers of agricultural

products in the South Region and also in the country. A major char-

acteristic of its agriculture in the past fifteen years.has been a

shift from the traditional range livestock production on extensive

natural pastures to intensive cropping systems. Increases in crop

yields have not been significant in the past. Basically, increases

in production have resulted from increased use of land rather than

from the improvement in yield per hectare.



PART B

THE FARM RESOURCE ALLOCATION

AND PRODUCTION MODEL



CHAPTER IV

THE CONCEPTUAL APPROACH OF THE MODEL

Introduction
 

The agricultural production system of Rio Grande do Sul has

experienced very significant changes during the past fifteen years.

These changes have been related to levels and composition of re-

sources used and output. There have been great changes in the

quality and quantity of inputs used; new inputs in the form of

improved seeds, fertilizer, and machinery have been introduced and

used in rapidly increasing amounts. Also, real agricultural output

has grown considerably, and production patterns have changed signif-

icantly, resulting in a transformation of the regional economy from

range livestock production to intensive crop production.

Technological change has been a most strategic factor in the

transformation of traditional agriculture. The complexity of choices

involved in agricultural production is further increased when new

technologies are introduced. In Rio Grande do Sul rapid increase

in mechanization has been the major characteristic of technological

advance. Other technologies such as biological innovations have not

contributed as much as they could to the growth process. Yields

per hectare and per annual remained relatively stagnant throughout

the 1960's and early 1970's.

57
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It is difficult to predict how this transformation will

develop in the future. It is true, however, that the future of agri-

culture in Rio Grande do Sul will depend on government policies to-

ward the agricultural sector and to market adjustments to supply and

demand shifts. Despite the uncertainties in respect to market con-

ditions, it has to be recognized that the performance of the agri-

cultural sector will depend on the extent of government participation

which alters the environment within which farmers make their decisions.

As Singh and Ahn1 point out, government intervention may occur in

three ways: a) by directly controlling scarce economic and physical

resources through controls over their distribution or access to them

(distribution of seeds, fertilizers, or credit are examples); b) by

intervention in product or factor markets either directly through the

purchase or sales 0f inputs or outputs or indirectly through price

controls and taxes (price support programs, excise and sales taxes,

transportation levies, land taxes, and input price subsidies are

examples); and c) through changes in the economic and social infra-

structure within and with which farmers operate, thus reducing the

costs of farm production or increasing (in quantity and quality) the

real resource base (including knowledge) of the farm sector.

Given these considerations, three underlying assumptions are

maintained in this study: a) in spite of significant changes that

have occurred in the past, resource reallocation within agriculture

 

11. Singh and C.Y. Ahn, "A Dynamic Multi-commodity Model of the

Agricultural Sector: A Regional Application in Brazil," Studies in

Employment and Rural Development No. 37, IBRD, Washington, 0.C.,

1977, (Mimeo). p. 6.
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and changes in production structure will continue in the future;

b) technological change will continue as an important factor in the

process of transformation and will be characterized by different

types of innovations, and c) government participation in its various

forms will continue as a major factor affecting the economic environ-

ment within which farmers make their decisions.

The primary objective of this study is to develop an

aggregate sector level model for one region with disaggregation in

two farm size groups which take into account the economic behavior

of farmers as decision-makers in the agricultural sector. The basic

approach is to model the activities of farm firms as behavioral

decision units competing for regional resources. The model is used

to project adjustments and structural changes in resource allocation

and production. This chapter presents a conceptual description of

the theory and logic behind the model. Detailed model formulation

is presented in the next chapter.

Some Useful Concepts of Production Theory

In a broad sense, production may be defined as the trans-

formation of inputs into outputs, and technology is the set of

technical opportunities that defines the basic relationships of this

transformation. Considering a process as represented by a vector

of input-output coefficients, that'hs,a particular method or technique

of converting resources into a product, technology may be defined as

the complete set of processes available or potentially available

for production. Processes can be defined as the different ways or
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sequences in which production can be carried out. A process is

characterized by certain ratios of the quantities of the inputs to

each other and to the quantities of each of the outputs.2

The concept of a production function is one of the most im-

portant in the theory of production economics. It formalizes the

relationship between output and inputs in a production system. A

production function is defined as "a schedule showing the maximum

amount of output that can be produced from any specified set of

inputs, given the existing technology."3 The concept is associated

with a particular technological process. It expresses the relation

between input and output, as well as the relation among inputs

themselves. It also implies that a technical maximization problem

has been solved. In mathematical form it can be represented by

Y = f(X],...,Xj/Xj+1,...,Xn) (1)

where Y is output, X],...,Xj

,Xn are fixed inputs. Specification of the variables in

are variable inputs and

Xj+],...

the production function and the form of the function are based on

the nature of the process or phenomenon described by the function.

The available quantities of the factors specify the values of the

variables, and the maximal output specifies the value assumed by

the function. The complete specification of the relationship be-

tween inputs and output defines a function or surface in the case of

 

2R.H. Day, Recursive Programming and Production Response,

(Amsterdam: North-Holland Publishing Company,1963), pp. 61-62.

3C.E. Ferguson, Microeconomic Theory, 3rd ed. (Homewood,

Illinois: Richard D. Irwin, Inc., 1972), p. 136.
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more than one variable input. Changes in the quantity of a vari-

able factor will define movement along the production function or

surface upward or downward depending on the nature of the change.

Further elaboration of the concept of production function

distinguishes between two situations of production concerning the

nature of the relationships among inputs. One situation refers to

those cases in which the set of technically possible factor com-

binations is unrestricted, allowing for continuous substitution

among factors. This situation defines what is known as production

under conditions of variable proportions. The ratio of input

quantities may vary, and it is necessary to determine not only the

level of output to produce but also the optimal proportion in

which to combine inputs. The other situation involves cases in

which some factors can only be combined, within the technological

principle involved, in fixed ratios to each other. This situation

defines what is known as production under conditions of fixed pro-

portions. If output is expanded or contracted, all inputs must be

expanded or contracted so as to maintain the fixed input ratio.

It is a truism of economic analysis that the familiar

curvature of production functions is generated by changes in the

scale of application of any one process.4 Situations in which pro-

duction is characterized by conditions of variable proportions are

represented by continuous production functions and continuous isoquants

 

4R. Dorfman, Application of Linear Programming to the Theory of

the Firm, (Berkeley: University of California Press, 1951).
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with the possibility of substitution between factors. In a case of

fixed proportions, the corresponding production function has kinks

at the points where the ratios of available factor quantities coincide

with the technical ratios specific to the process in question.

This study is concerned with production that involves many

activities. The efficient combination of activities will be de-

termined by an established optimizing criteria. Technology choices

available are assumed to be linear in nature. The analysis of pro-

duction involving many activities and a linear form for the tech-

nology is presented by Koopmans5 in a model of production in which

the following circumstances or considerations are treated formally

as distinct elements of the production problem: a) the purely

technical possibilities of production; b) the quantitative limita-

tions on basic resources (primary factors of production) available

to the economy; c) the general goal or objective to be served by

production, and d) the optimizing choice whereby the technical

possibilities are exploited in a coordinated manner toward that ob-

jective.

The input structure of a given production process is repre-

sented by a column vector of coefficients, denominated technical

coefficients, which defines the amounts of input used and output

produced for a given unit of a process. The vector includes input

coefficients and output coefficients. .The set of all vectors

 

5T.C. Koopmans, "Analysis of Production as an Efficient Combina-

tion of Activities," in T.C. Koopmans, ed. Activity Analysis of

Production and Allocation (New York: John Wiley and Sons, Inc.,

1951), Chapter III.
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representing the processes available can be adjoined to form the

technological matrix. This matrix describes the technical oppor-

tunities available for a given point in time.

Technological Change in the Linear Model
 

In traditional economic theory a clear distinction is made

between "substitution" and "technological change." The former con-

cept is used to designate choices related to a given production

function, and the latter to changes in the production function it-

self. Then, technological change is simply defined as changes in

one or more of the parameters of the relevant production function.

This distinction is relevant in the case of production under con-

ditions of variable proportions.6 The concept of technological

change in this context is somewhat narrow, mainly because it only

encompasses production of existing commodities and use of existing

resources.

Observing the variation in context in which technological

change is referred to, it is clear that this concept has been given

a wide range of meanings and interpretations. This shows the

difficulties of defining technological change, because of the great

number of relationships that it involves.

In general terms, technological change may be defined as

any change in the methods of production used. Basically, the change

 

6For a formal treatment of technological change within the con-

text of continuous production functions see M. Brown, 0n the Theory

and Measurement of Technological Change, (Cambridge University Press,

1966).
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may result from: a) improvement in existing processes permitting

commodities to be produced at lower cost; b) partial or total sub-

stitution of an old resource by a new one, and c) production of new

products.

This more general view of technological change can be in-

corporated in a linear model of production of the type presented by

Koopmans,7 which is based on the framework of linear programming.

One advantage of this approach is that it permits the analysis of

different meanings of technological change and the possible inter-

action among them.

Basically, the problem is to deal with the changing structure

of the economy which can be analyzed through changes in the structure

of an input-output model. The introduction of new technology can

be represented by changes in the elements of the model. Of course,

a major problem is to work out a mechanism that makes these changes

operational. It is necessary to understand the nature of the new

structure with new technology and how the structure changes through

time. Carter8 approaches this problem by incorporating process

substitution in a linear model by means of equations that describe

the rate at which the input-output coefficients change as new tech-

niques gradually replace older or average techniques.

 

7T.C. K00pmans, op. cit.

8Anne P. Carter, "A Linear Programming System Analyzing Embodied

Technological Change," in Anne P. Carter and A. Brody, eds. Erg-

ceedipgs of the Fourth International Conference on Input-Ogrput Tech-

nigues(Amsterdam: North-Holland Publishing Company, 1970).
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In the last section a process is denoted by a vector of in-

put coefficients and output coefficients such as yields. The com-

bination of a number of vectors form the technological matrix which

describes the technical opportunities available at one period of

time. Once the structure of this matrix is understood, the basic

ideas of technological change in the linear model can be introduced.

Innovation can be viewed as the existence of a new tech-

nological matrix which can differ from the previous one in several

ways. The structure of the matrix changes over time as a result of

changes in the technical coefficients, changes in types of scarce

resources, and changes of processes. Expansion of the matrix allows

for the introduction of new processes, while contraction allows for

exclusion of processes which have been abandoned. The matrix can

also change in order to accomodate changes in the nature of the

constraints. Asprocess or techniques of production change, new

resources are developed and become a constraining element. Changes

in input and output coefficients for a unit level of a process will

define changes in the proportions in which resources are used and

this will basically define new processes. In a real sense, innova-

tion is a continuous process and the technological matrix is defined

as a function of time.

An analysis of technological change using an approach

analogous to parametric programming is presented by Simon.9 He

 

9H.A. Simon, "Effects of Technolgoical Change in a Linear Model,"

in T.C. Koopmans, ed. Activity Analysis of Production and Allocation

(New York: John Wiley and Sons, Inc., 1951), Chapter XV.
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analyzes the effects of changing technical coefficients and re-

source scarcities on the economy of production activities and on in-

come. He also emphasizes process substitution, but does not

elaborate a mechanism that operationalizes the structural changes

over time.

Technological change can be characterized by three com-

ponents: invention, innovation, and diffusion. Invention is the

process of creating new knowledge. It is of crucial importance in

the growth process, but cannot be treated by existing tools of

economic analysis. For this reason, treatment of technological

change must include the second component. Innovation consists of the

introduction of new process of production. The effects of tech-

nological change on production can be analyzed by identifying a time

period in which a major innovation has been introduced. Thus,

innovation may be treated as a condition of the production structure,

and may be accommodated in the model by introducing new activities

and new constraints pertaining to the new technology. The rate at

which innovation takes place determines the ultimate effects of

technological change on production. This rate is termed diffusion

or the rate of adoption. It can be incorporated in the model by

means of adoption patterns which show how innovations are adopted

by farmers over time.

Aggregation Bias and Farm Size Considerations

One of the major problems with regional aggregate models is

aggregation bias, which appears wherever aggregate relationships

are modeled without explicit reference to individual decision-making
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units. Several approaches have been suggested to deal with this

problem. The most accurate method would be to model individual

farm firms as units of analysis, and then derive the aggregate

estimates. This procedure would result in a bias-free estimate

However, it is not usually feasible due to limited availability

of resources to carry out the study. Therefore, the practical pro-

cedure is stratification of individual decision-making units into

homogenous groups, according to some characteristic such as region,

farm size, resource combination, etc.

Aggregation bias exists when the sum of the solutions for

each of the individual firms in the set does not equal the estimate

obtained by determining the optimal solution to the entire set

directly. Methodological aspects of aggregation concern the con-

ditions of similarity among individual firms permitting estimation

of the aggregate response without bias. This problem has been

analyzed by various authors. Day10 establishes sufficient con-

ditions for exact aggregation based on the requirement of "propor-

tional heterogeneity." The conditions are: a) all firms must have

identical matrices of input-output coefficients; b) the vector of

net returns of every firm must be proportional to the corresponding

aggregate vector, and c) the vector of resource constraints of

every firm has to be proportional to the corresponding vector for

the aggregate.

 

10R.H. Day, "On Aggregating Linear Programming Models of Pro-

duction," Journal of Farm Economics 45(4): 797-813.
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Subsequently, Miller11 has argued that Day's conditions are

too restrictive, and states less binding requirements for exact ag-

gregation as f0110WS= a) all firms must have identical input-output

matrices, and b) all firms must have qualitatively homogeneous out-

put vectors, which means that all firms must have identical sets of

activities in the optimum solution.

The question of less binding requirements is further

analyzed by Paris and Rausser.12 They argue that "obviously, suf-

ficient conditions are of interest because they may indicate an

easy test for LP aggregation; but on the other hand, they are of

greater interest if they realistically admit the existence of

empirical cases which satisfy the specified requirements." In their

judgment, "it is not possible to find empirical cases which fit

Doy's sufficient conditions." They demonstrate that it is possible

to formulate more general and less binding sufficient conditions

for exact aggregation which are also empirically meaningful.

Aggregation problems arise from the fact that firms are

different in respect to structural and behavioral aspects which will

cause individual firms to respond differently to changes in economic

conditions. Many differences among firms are due to the physical

environment such as soil, topography, climate, etc. These factors

are important determinants of production, but even in a homogeneous

 

11T. A. Miller, "Sufficient Conditions for Exact Aggregation in

Linear Programming Models," _gricultural Economics Research 18 (April

1966): 52-57.

121. Paris and G. C. Rausser, "Sufficient Conditions for Aggrega-

tion of Linear Programming Models," American Journal of Agricultural

Economics 55(4): 659-666.
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environment differences in response will exist due to differences

in relative factor endowments.

The importance of farm size arises from differences in re-

sponse to factors such as economies of size, risk and uncertainty,

technological change, and market response. Differences in farm size

can explain differences in the decision-making process regarding

these factors. Larger farms can make use of larger size machinery

and benefit from operation of economies of scale. Depending on the

size of the operational unit, different approaches can be used to

deal with situations involving risk and uncertainty. Differences

in size will bring about differences in the rate of adoption and ad-

justment to technology change, due to differences in management and

access to the market. Market response is dependent on the partic-

ipation in factor and product markets which is a function of the

degree of commercialization of the farm firm. Differences in size

cause farms to respond differently to changing market conditions

due to differences in the degree of participation in the market.

These considerations are important for this study. As it

is shown in Table 111.4, the distribution of farm size in Rio Grande

do Sul is wide and rather skewed. This results in significant dif-

ferences in relative factor endowments which in turn give rise to

differences in response to economic factors. This justifies the

explicit treatment given in this study to different farm size groups.

General Description of Model Structure

The primary objective of this study is to analyze the effects

on production, income, and employment by changing some basic farm
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level technology. The analytical instruments used to achieve this

objective are various concepts of economic analysis and production

theory incorporated in a dynamic model of production and resource

allocation. The model is developed for one region with stratifica-

tion in two farm size groups. The allocation problem is solved

through a sequenceirflinear programming models, with the solution

for one year recursively linked to previous years. The programming

technique is known as Recursive Linear Programming. The model is

developed with a great deal of flexibility, allowing for changes in

its structure which represent changes in technology of production.

The model to be developed has a special characteristic which

allows for model coefficients to vary over time. Most of the ob-

jective function coefficients, constraints elements, and input-output

coefficients should be time variant, and shall represent changes and

adjustments in the conditions under which the production decisions

are made. In this study those coefficients that change as a function

of technological advance, are of particular interest. Or, to put it

another way, this study examines those coefficients whose changes

would reflect meaningful changes in the technology opportunities open

to farm firm operators.

One important characteristic of the model is its flexibility

which allows it to serve as a component of a larger sector model.

It is basically a decision-making component based on an optimization

criterion and a set of resource and behavioral constraints. Most of

the relationships considered exogenous in this model could be
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modeled as separate components and then linked together with this

model without major difficulties.13

Most regional models of this nature involve a large number

of relationships, allowing for the analysis of a large number of

results. The basic economic problem involved is that of efficient

allocation with simultaneous determination of optimum production

levels of various commodities and the resource requirements to carry

out such production. A model of this nature is designed to be used

for three major purposes: a) explanation and basic projection of

the regional structure of production, given a series of assumptions

in respect to resource endowment, technology, and prices; b) pro-

jection of impacts of exogenous variables and key model parameters,

and c) projection of impacts of alternative agricultural policies on

the regional economy.

The modeling of farm level decision-making is a central

feature of this study. It takes into account a number of char-

acteristics of regional production. These are: a) the simultaneous

aspects of decisions at the farm level; b) the multi-dimensional

features of farm activities; c) the interdependencies between firm

and household decisions; d) the interdependence of activities com-

peting for a given set of inputs; e) the competition among farms for

 

13

The modelling approach of this study is similar to that de-

veloped by de Haen for the Korean Agricultural Sector Study, where

resource allocation using Recursive Linear Programming is a component

of a large systems model. See Hartwig de Haen, "The Resource

Allocation and Production Component of the Korean Agricultural Sector

Model," in G.E. Rossmiller, ed., A Systems Approach to Agricultural

Sector Development Decision-Making: Building and Institutionalizing

an Investigative Capaciry, Agricultural Sector Analysis and Simulation

Projects, Michigan State University, 1977 (Forthcoming).
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the use of regional resources, and f) a wide range of technology

choices available for farm operators.

The basic structure of the model, including exogenous vari-

ables and model output variables, is shown in Figure IV-l.

Essentially, the model consists of three components: yield com-

ponent, resource allocation component, and production and accounting

component. The yield component is basically designed to compute

crop yields based on fertilizer response functions. Yield rates

are determined as a function of nitrogen application. The fertilizer

application rate is determined based on the equimarginal principle

of equating the marginal value product of the factor to the price

of the factor.

The allocation component consists of a one-periodic linear

programming model allocating given resources to production, an

interval feedback relating previous actions to current decisions,

and an external feedback establishing the interactions of the com-

ponent with exogenous variables.

In the production and accounting component, production

levels for crops and livestock activities are computed given land

allocation and yield projections. Other results such as resource

requirements, income, resource productivities, and input ratios are

also computed. Results are obtained by commodity, farm size, and

regional aggregates.

The structure of the linear programming problem to be solved

for each time period is block diagonal with one block for each farm

size and additional regional constraints (Figure IV.2). The coupling
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Figure IV-2: Farm Size Disaggregation for a Periodic Linear

Programming Model

constraints account for interdependencies among farm size groups

competing for regional resources such as supply of machinery and

supply of wage labor.

A number of crucial assumptions underly the structure of

the model:

1. Farmers maximize expected net returns defined as expected

gross revenue minus expected variable costs.

2. The objective function for the region is the sum of the

objective function for the two farm size groups.

3. Farms in each size group are assumed to meet necessary con-

ditions for aggregation.

4. All farms are assumed to have the same degree of information

and knowledge about prices and technology choices.

5. The structure of the model is the same for each farm size,

i.e., same activities and same constraints.

6. Some yield rates and some input-output coefficients are dif-

ferent between farm sizes, reflecting differences in manage-

ment and resource combination.

7. The structure of activities is assumed to remain the same

over time.
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Alternative Approach for Modelipg Resource Allocation
 

In this study resource allocation is modeled using Recursive

Linear Programing. Clearly, the resource allocation problem can

also be modeled with the use of production functions. After produc-

tion functions are estimated for each product, a programming

algorithm can be developed to simultaneously solve the set of equa-

tions to determine optimum production and resource use levels which

satisfy certain optimization criteria. This approach was used by

Watt,14 when he modeled a production component for Michigan's agri-

culture using Cobb-Douglas production functions in a recursive

simultaneous solution programming algorithm.

If the resource allocation component is to be modeled by a

Cobb-Douglas programming algorithm, the problem can be formulated

in terms of a set of simultaneous equations in which a solution is

generated for the level of activities and input use, similar to an

activity analysis framework. Production functions for each com-

modity in each farm size group in the region are defined as follows:

b

 

n ij

Y.(t) = A.(t) n X.. (t) (2)
1 1 ._ 13

J-1

where

Y1 = expected output of 1th commodity

xij = jth input requirement for production of ith commodity

14
David L. Watt, "Michigan's Agricdltural Production," Un-

published Ph.D. dissertation, Michigan State University, 1976.
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A1 and bij = parameters

i = index conmodity

j = index input

The maximization of an objective function can be incorporated together

with the specification of resource and behavioral constraints. In

Watt's formulation the assumptions of input supply and expected com-

modity demand functions, and the behavioral assumpution that input

price is equated to its value of marginal product, maximize an

implicit objective function defined as total revenue minus variable

costs.

Basically, it seems that the same type of analysis can be

carried out using either Recursive Linear or Cobb-Douglas Programming.

Choice between the two approaches in this study was made based on the

possibilities of incorporating technological change in the model.

The production function format requires a rather high level of

aggregation of outputs and inputs. Considerably more detail can be

explicitly examined in the recursive programming framework which

can deal with many outputs and allow for a much more specific treat-

ment of the inputs and their combinations.

Changes in the parameters of the production function rep-

resents changes in technology. However, considerable difficulty was

encountered in the attempt to connect these changes to specific and

meaningful changes that could be understood in terms of variety

improvements, fertilizer application, and mechanization. A further

difficulty has to do with the nature of the production function.

With the assumption of constant returns to scale, the sum of the
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elasticity coefficients has to be equal to one. If changes are

introduced in one coefficient, adjustment has to be made in the

others to maintain the assumption. When the coefficients change,

other results, such as marginal value products, also change. With-

out a well-established relationship among the coefficients, only

purely arbitrary changes can be analyzed.



CHAPTER V

MATHEMATICAL STRUCTURE OF THE MODEL

This chapter presents a complete description of the model

1 An overview of the model structure wasdeveloped in this study.

given in Chapter IV. Here the structural equations of the model are

presented. The model is composed of three components. These com-

ponents are: yield, resource allocation, and production and account-

ing. The chapter is divided into three major sections describing

the three components of the model, and two additional sections which

discuss price projections and data requirements of the model.

Yield Component
 

One variable needed in other components of the model is yield

per hectare for the crops considered. Crop yields are determined

with the use of fertilizer response functions. Livestock yields are

assumed constant throughout the period of model run. Crop yields

are a function of a number of factors: crop variety, fertilizer

application, irrigation, weather, etc. The large number of factors

affecting yields and the interaction effects that can occur among

them makes the task of modeling rather difficult.

¥

1The computer program of the model is given in Appendix C.

78
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Among the various factors influencing yield, fertilizer may

be considered the most important mainly because of its interaction

effects with variety and also the degree of control that can be main-

tained over such a factor. If data is available though, adjustments

can be introduced to take into account the effect of other factors.

To generate the yield rates of different crops endogenously

in the model this study uses fertilizer response functions. For

situations where biological technologies are crucial, it is important

to introduce yield-nutrient response data in order to be able to

evaluate optimum nutrient levels and the relationships among variety,

fertilizer and yield. The basic data needed are experimental data

on the response of yields to nutrient.

Large variation in yield is usually due to variation in the

doses of a major element. The present case considers nitrogen as

the basic element determining yields. The fertilizer response func-

tions used in this model are of the non-linear quadratic form, so

that the yield rates are given by

YLDj(t) = YBASEj + ALPHAj - FERTj(t) + BETAj . FERT§(t) (1)

where

YLD = yield rate for crops determined from the response

function (kg/ha)

FERT = amount of nitrogen applied for given levels of

phosphorous and potassium (kg/ha)

YBASE, ALPHA, BETA = parameters of the response function

5 = indexes crops (j = l,...,4)
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The amount of fertilizer applied is a decision variable and

depends on a number of factors such as capital availability, be-

havior of farmers in respect to improved cultural practices, and

prices of products and inputs. Here optimum application rates are

determined on the basis of the economizing principle of equating the

marginal value product of an input to its price. Following this

principle the optimum fertilizer application rate is given by

FERTj(t) = {PFER(t)/PYCj(t) - ALPHAjl/Z ° BETAj (2)

where

PFER expected price of fertilizer (Cr$/kg)

PYC expected price of product (Cr$/kg)

To account for the effects of mechanization and differences

in farm size, the yield rates are further adjusted for incremental

yield increase on mechanized areas and on larger farms. Mechaniza-

tion can increase yields due to better land preparation and cultiva-

tion. Furthermore, large farms can achieve higher yield rates due

to better management techniques. Thus, the final yield rate is ob-

tained as

YLDAijk(t) = YLDj(t) ° (1 + SYLDijk) - (1 + RYLDijk) (3)

where

YLDA = adjusted yield rate (kg/ha)

SYLD = proportion of yield increase due to farm size

(dimensionless)

RYLD = proportion of yield increase due to mechanization

(dimensionless)



81

indexes farm size (1 = 1,2)d
o

1
1

(
.
1
.

I
I

indexes crops (j = 1,...,4)

x

ll indexes mechanization (k = 1,2)

In Equation 3, yield for each crop is adjusted according to

farm size and the condition of mechanization. The model includes

four crops: rice, corn, wheat and soybean. Farm size is stratified

into two groups: "small" representing farms of area equal or less

than 100 hectares, and "large" representing farms of area greater

than 100 hectares. For each crop in each size group, two levels of

mechanization, traditional and modern, are considered. The former

level uses draft animals, and modern uses tractors and combines.

Besides the four basic crop activities, rice, corn, wheat and

soybean, the linear programming model of the resource allocation

component includes soybean following wheat as an activity distinct

from independent soybean. Since fertilizer response functions are

only defined for the four basic crops, yield rates for soybean follow-

ing wheat are determined by applying a discount factor to the yield

of soybean. Usually fertilizer is not applied to soybeans when it

is cultivated in double cropping with wheat. Yield can drop by as

much as 30 percent due to lack of fertilizer application and delay

in planting time which occurs because wheat is not harvested until

passing the optimum period for planting soybeans. Thus, the yield

rate for soybean following wheat is determined as

YLDASNik(t) = YLDASik(t) - (1 - YLDDIS) (4)

where
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YLDASW = yield rate for soybean following wheat (kg/ha)

YLDAS = adjusted yield fbr soybean independent of wheat

(kg/ha)

YLDDIS = yield discount factor (dimensionless)

Resource Allocation Component

This component models farmers' decision-making processes with

respect to allocation and production using Recursive Linear Programming.

This section describes the structure of the component only in a general

way. Specific details of the model are presented in Appendix A. The

section is divided into three major subsections. The first subsection

presents the programming problem in its mathematical form giving a

general idea of the process and relationships involved. The second

describes the structure of a linear programming model for a given time

t, and the third presents the linkages between different planning

periods.

Mathematical Programmipngodel:
 

A recursive programming model can be defined as an infinite

sequence of mathematical programming problems in which the input-out-

put coefficients, the constraint elements and the objective function

coefficients for one period of time depend on the solution of pre-

ceding programs in the sequence, with certain lag lengths, and on a

vector of exogenously projected variables.

A recursive linear programming problem consists in finding

the maximum n*(t) of the objective functions

II*(t) = next? (t) Y(t)] t = 1,2,...,T (5)

X(t)
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subject to linear constraints

Alt) in) 5611:)

and nonnegativity conditions

Y(t) _>_ 0

where

H*(t) = optimal value of the objectjye function in period

t under the optimal plan X*(t).

7(t) = n-dimensional vector of objective function co-

efficients for period t.

X(t) = n-dimensional vector of the levels of activities

for period t.

A(t) = m X n matrix of input-output coefficients for

period t.

p(t) = m-dimensional vector of constraints for period t.

* = indicates optimal solution.

A unique characteristic of a recursive linear programming

model is a set of dynamic feedback functions which relate decisions

for a period t to previous decisions and to exogenous variables.2

These feedbacks hold for the objective function coefficients for the

elements of the constraint vector and for the elements of the input-

output matrix and are defined by Equations 6, 7 and 8, respectively:

 

2See Hartwig de Haen, "The Resource Allocation and Production

Component of the Korean Agricultural Sector Model," in G.E. Rossmiller,

ed., A Systems_Approach to Agricultural Sector Development Decision-

Making; Building and Institutionalizing an Investigative Capacity,

AgriculturaT'Sector Analysis and Simulation Prejects, Michigan State

University, 1977 (forthcoming).
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fit) = 217*(t-I).....Yr(t-p). F*(t-1).....F*(t-p). Vlt)l (6)

5(t) = bIB'(0).'i*(t-1).....Y(t-p). F*(t-1).....‘F*(t-p). V(t)1 (7)

Alt) = AE7*(t-1)....;7r(t-p), F*(t-l).....F*(t-p). Vlt)1 (8)

where

7*(t) = vector of optimal dual values (shadow prices of

constraints).

V(t) vector of exogenous variables.

p maximum length of a lag.

To solve the model, it is necessary to obtain initial con-

ditions for period t = O for all endogenous variables and time-

varying coefficients and the time profile of the exogenous variables.

The linear programming problem is solved once in each period.

Clearly, this model is appropriate for incorporation in a systems

simulation model because it has all the features of a recursive

system which is convenient for use in a computer programming frame-

work.

Structure of a Periodic Linear Programming Model:

The linear programing model for each time period t is block

diagonal with one block for each farm size and a set of coupling

constraints which hold for all farm sizes simultaneously. Since the

structure of the model is the same for all farm sizes, complicated

notation can be avoided by describing only one model for one farm

size group.

The structure of a linear programming model includes three

sets of relationships: a) The objective function; b) The activities,
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'and c) The constraints. This subsection describes each of these

elements composing the periodic linear programming model.

Objective Function:
 

The objective function represents a decision criteria which

is the basis for choices among alternatives available and subject

to a whole range of constraints faced by the economic unit. The

optimizing principle underlying the objectives and goals of the

farming operation should be the basic indication for setting the

objective function, since it represents what farmers are attempting

to optimize. However, this is an area of much discussion and no

definite principle is agreed upon, as knowledge about behavior and

expectations of farm operators is very limited. It is true, how-

ever, that in order to be able to solve the programming problem an

explicit formulation of an optimizing criteria is needed.

The most commonly used specification of the objective func-

tion in programming models is the maximization of short run profits

or the maximization of short-run returns to fixed resources. In

this study it is assumed that farmers maximize expected short-run

profits defined as expected gross revenue minus expected variable

costs, that is, it is assumed that farmers maximize expected short-

run returns to fixed resources. Included as fixed factors are land,

family labor, and power capacities. The model also includes the

following: (1) to meet requirements for home or subsistence con-

sumption; (2) to avoid unbearable risk by taking decisions based on

a safety-first principle; and (3) to maximize expected profits. In

a recursive linear programming framework the subsistence consumption
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requirement criteria can be handled either by specifying consumption

activities explicitly in the model or by defining feedback function

which forces the retention of some proportion of production for

home or subsistence consumption. The introduction of flexibility

and adoption constraints takes care of safety and cautiousness be-

havior.

Typically, the objective function is defined in mathematical

form as the maximization of expected yearly gross revenue minus

variable costs (Equation 9). Gross revenue per hectare is expected

yield times expected prices for all income producing activities.

Variable costs per hectare include the cost of all inputs that are

not drawn from the original resource availability and also those

costs that are not charged in the model through a system of pur-

chasing activities and appropriate transfer rows. The objective

function can be expressed as follows:

m n

Max n(t) = Max[j:1 wil Pij(t) - Yjw(t)

m n d

- 3:1 WE] 1.__>i1a1.‘].w(t) . Pxi(t) . Yjw(t)] (9)

where

n = profit or net return.

Yjw = output j produced by method w.

Pij = price of output j produced by method w.

= price of ith input.
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X.. (t)

a.. (t) = 1 w , the unit requirement of 1th input to produce
1jw Yjw t

output j by method w, at a given time t.

xijw = total amount of 1th input used to produce output j by

method w.

The activities considered in the model will be described in

the next subsection. In order to reduce the size of the model, in-

come producing activities are used to produce and to sell the output.

Therefore, the objective function values for these activities are

defined as gross returns minus variable costs per hectare. Family

labor is regarded as a fixed resource for the farm, and its cost is

not priced through the objective function.

Activities:
 

A linear programming model can be constructed based on data

from individual farm units or based on regional aggregate data. If

it is constructed in an individual farm basis, aggregation can be

achieved by weighting farm results by the number of farms in each

category. Disregarding data requirements and time and cost of

analysis, the ideal situation is to model individual farms mainly to

reduce aggregation bias which can be significant in terms of model

predictive power. This study uses a combination of these two

approaches. Farm data is used with disaggregation in farm size

groups and regional constraints are introduced for those resources

which are competed for by all groups.

Since the basic unit of the model is the farm, the activities

programed must be based on the nature of the farming operation and
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its interdependencies with the physical and economic environment.

The basis is the situation in the Southern Region of Brazil. As it

is true in any other developing country, a farm in Brazil is typically

a multiproduct firm with a decision-making process highly dependent

on the firm-household interactions. Production, consumption and in-

vestment for the farm firm and for the family are interacting

activities carried out simultaneously. Thus, the model should in-

clude these activities and the relationships among them.

Besides the characteristics of farming operations in a region,

the activities and constraint structure of a linear programming model

should be based on two additional considerations. The availability

of data to implement the model, and the objectives for which the model

is built. In many cases basic experimental or field survey data for

estimating model parameters and relationships are not available for

some of the elements to be included in the model. This, of course,

precludes their modeling. Moreover, the model should be constructed

with the necessary features which allows one to reach the objectives

of the study.

Based on the above considerations, five sets of activities

are included in the model. They are: a) Production of various

annual crops; b) Production of natural and cultivated pasture;

c) Production of beef; d) Investment in draft animal and farm ma-

chinery, and e) Seasonal labor hiring. Each of these groups of

activities are discussed in detail below.

1. Production of field crops: The four major crops of the
 

region studied are included in the model. They are: rice, corn,
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wheat and soybean. Each crop is considered as an activity. Since

double cropping of wheat and soybeans is a common practice in the

region two distinct soybean activities are considered, namely, soy-

beans following wheat and soybean independent of wheat. In the

basic model each activity is disaggregated by two types of technology.

Traditional, using animal power, and modern, using mechanical power.

The objective function coefficients for these activities are posi-

tive and are defined as gross returns minus variable costs. In-

cluded as operating costs are fertilizer, seed, transportation, vari-

able machinery costs, and other inputs such as insecticides. Let

this set of activities be denoted by P , g = 1,...,10.

9

2. Production of natural and cultivated pasture: Pasture,

an intermediate product for beef production, is considered in the

model as natural and cultivated. Most beef production in the area

studied uses natural pasture and only a small part uses cultivated

pasture. Natural pastures which are of poor quality have low pro-

duction capacity. A higher productive system based on improved

pasture is available, and could be used as a means of improving the

competitive position of beef production relative to other activities.

Like the crop activities, cultivated pasture is also con-

sidered with two levels of technology, traditional and modern. The

objective function values for these activities are negative and in-

clude the value of the variable inputs used. For natural pasture

only repairs and maintenance costs are included. In addition to

these costs, fertilizer, seed, and variable machinery costs are

considered for cultivated pasture. Let this set of activities be

denoted by Fh’ h = 1,2,3.
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3. Production of beef: Agricultural transformation in the
 

area has been characterized by expansion of livestock activities to

new frontiers and substitution of crop or intensive livestock acti-

vities for extensive livestock operations in those established areas.

Beef production activities are considered in the model in order to

capture the changes in enterprise pattern and best represent the

opportunities open to farmers in operating and organizing their farms.

The model includes beef production by two methods or tech-

nologies. One uses natural pasture and the other uses cultivated

pasture. The objective function coefficients are gross returns

minus variable costs. Included as variable costs are bone meal, salt,

and veterinary costs. This set of activities is designated by

B , m = 1,2.
m

4. Investment activities: Investment in draft animal,
 

tractor and combine is considered in the model as three distinct

activities. They represent the possibilities of replacement and addi-

tion to farm animal power and machinery capacities. The investment

cost of these activities are composed of depreciation and interest

costs on capital. This set of activities is denoted by In, n = 1,2,3.

5. Seasonal labor hiring activities: The two major sources
 

of labor for the farm are family labor and hired labor. Family labor

is considered as a fixed resource for the farm and the possibility

of using more than what is available on the farm is introduced by

hiring activities. Due to seasonality in the use of labor, three

periods of the year are considered. These are: Period 1, from

July through October; Period 2, from November through February;
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Period 3, from March through June. One activity is defined for each

period. The cost of hiring is the market wage rate. Let Hp,

p = 1,2,3 designate this set of activities.

In summary, if the set of all farm activities is denoted by

R, then:

R = {P1,...,P]0, F], F B],B I ..,I3, H .,H..., 3, 2, 1,. 1,.. 3}.

An activity j in set Pg, for example, can be denoted by

j 6 P9. The level of an activity j can be designated by

X. = {lej 6 P9}, and j e R can be written to refer to an activity

J

without specifying the set or the sets to which it belongs.

Constraints:
 

Decisions at the farm level are made subject to a set of

financial, physical, and behavioral constraints. Within a region,

different farm size groups compete for regional resources. Given

the disaggregation scheme used in the resource allocation component

being described here, it is necessary that the constraint structure

includes: (a) constraints on farm resources for each of the two

farm size groups, and (b) regionalconstraints which hold for all

farm size groups simultaneously.

These two sets of constraints hold for one periodic static

model of firm-household decisions. The dynamic properties of the

model are introduced by a set of decision feedback functions which

generate restraints in a recursive manner to account for the impacts

of past actions on the elements of current decisions.
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The inclusion of overlapping regional constraints carries

the crucial assumption of resource mobility between different farm

size groups. Market imperfections may exist and can preclude the

mobility of certain resources. This has to be observed when de-

ciding on the types of overlapping constraints to be included in the

model.

The constraints of the model include: a) Land constraints

by season; b) Labor constraints by season; c) Machinery and animal

power constraints; d) Balance equations; e) Behavioral constraints,

and f) Regional constraints. The first five sets of constraints are

the same for each of the farm size groups. The last set include the

overlapping constraints.

Before a description of each of the constraint sets is pre-

sented, some notation is developed to facilitate further reference.

Denote the complete constraint set by B. This set is then parti-

tioned in subsets representing major constraint groups, such that

B = {B9, Bh’ Bm, Bn’ Bp’ Br}

where

B , g = 1,2,3: a group of constraints on available land by

9 season.

Bh’ h = 1,2,3: a group of constraints on available labor by

season.

8 , m = 1,2,3: a group of constraints on available machinery

and draft animal power capacities.

B , n = 1,...,4: a group of balance equations.

B . p = 1,...,14: a group of behavioral constraints con-

sisting of upper and lower flexibility bounds.
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The right hand side elements of the inequalities are denoted

by bi' A particular constraint in set 89, for example, can be

h
referred by bi’ i e B . The level of the jt activity, at time t,

9

is designated by Xj(t), and the input-output coefficients are de-

noted by aij'

Now a description of the constraint structure of the model is

presented with reference to each constraint group separately.

1. Land Constraints: Available land can be allocated to

crop and pasture activities. Equation 10 assures that the amount of

land allocated to different production activities do not exceed the

total amount available at time t.

2 a~ NO + 2 a.. mu _<_b.(t); i e B (10)
jeP 1J J jeF 13 j 1 g

g h

where

P9 = set of crop production activities

Fh = set of pasture production activities

W

1
1

set of land constraints.

The model includes three land constraints: a) Summer land;

b) Winter land, and c) Irrigated land. Rice is the only crop that

uses irrigated land.

2. Labor Constraints: Due to the nature of farming opera-

tions, labor use is characterized by peak seasons. This makes it

necessary to define labor constraints by seasons (Equation 11), which

involves the use of family labor and any hired labor for each period.
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z a. X.(t) + z a..x.(t) + z a.
. 13 J . 1:] J . '|

Jepg JEFh 368m

P

:_bi(t); i e Bh (11)

where

= set of crop production activities

h = set of pasture production activities

p

F

B = set of beef production activities

H

m

p = set of labor hiring activities

8b = set of labor constraints

Three constraints on human labor are considered, one for each

of the following periods: Period 1, July-October; Period 2, November-

February, and Period 3, March-June. Equation 11 assures that the

amount of labor used by the crop, pasturing, and beef activities do

not exceed the amount available on the farm plus the amount that is

hired for each period at time t.

3. Machinery and Animal Power Constraints: Equation 12 de-

fines machinery and animal power capacities. The total availability

on the farm can be augmented by investment activities.

2 aijxj(t) + .2 ai.Xj(t) - z ai.Xj(t) 5_bi(t); i 6 8m (12)

jePg Jth 3 351m 3

where

P9 = set of crop production activities

Fh = set of pasture production activities

Im = set of investment activities

8 = set of machinery and animal power constraints.
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Three power sources are included in the model. They are:

tractor capacity, combine capacity, and draft animal capacity. Equa-

tion 12 assures that, for a given time t, the amount used is less

than or equal to the amount available plus the increases in capacity

for any of the power sources.

4. Balance Equations: These equations are used to transfer
 

resources from one activity to another and to account for intermediate-

final output relationships. Intermediate outputs are produced by

some activities and used by others. Balance equations allow the model

to determine endogenously the proportions of the different inter-

mediate outputs used by different activities, assuring that the

amounts required to not exceed the amounts available. The same holds

for a resource transfer between activities.

Two groups of balance equations are included in the model.

The first group consists of two equations which account for the rela-

tionships between pasturing activities and beef production activities.

All pasture produced has to be used for beef production. Equation 13

and Equation 14 define the relationship for natural pasture and cul-

tivated pasture, respectively.

‘a1o,11x11(t) + a1o,14x14(t) = 0 ('3)

where

X1] natural pasture activity

X14 beef production activity using natural pasture

'all,12x12(t) ‘ a11,13x13(t) * a11,15x15(t) = 0 (‘4)
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where

X12 - cultivated pasture activity using traditional tech-

nology

X13 - cultivated pasture activity using modern technology

X15 = beef production activity using cultivated pasture.

Another group of balance equations, consiSting of two equa-

tions, accounts for the double cropping relationships between wheat

and soybeans. Equation 15 and Equation 16 assure that the area

planted with soybeans following wheat does not exceed the area

planted with wheat, for two types of technology, respectively:

-a]2’5X5(t) + a12,7X7(t) §_O (15)

where

X5 = wheat production activity using traditional tech-

nology

X7 = soybean following wheat using traditional technology

'a13,6x6(t) + 313,8x8(t) 5_0 (16)

where

X

N6 wheat production activity using modern technology

>
< ll8 soybean following wheat using modern technology.

5. Behavioral Constraints: The behavioral conStraints in-

cluded in the model consist of upper and lower flexibility con-

straints. Limiting year to year changes in production patterns,

they are assumed to account implicitly for farmers' response to

risk and uncertainty related to expansion of production activities.

These constraints are defined as:
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(1 - £4) - X3(t - 1) :. Xj(t) :_(I + at) - X§(t - I); i e Bp (17)

315R

where

Xj(t) = jth activity level for time t

X3(t-l) = optimal level for activity j at time t-l

B} = estimated maximum expansion rate ,

81 = estimated maximum contraction rate

R = set of activities with upper and lower bounds

Bp = set of behavioral constraints

6. Regional Constraints: The constraints described above

apply to each of the farm size groups. Besides those groups, the

model includes four overlapping constraints. One constraint is re-

lated to the regional supply of tractors; the other three are

related to the regional supply of wage labor during the three periods

considered. The general form of these constraints is given by

Equation 18.

2 2

2 z a.. x. (t) + 2 z a.. X. (t) 5_b.(t); i e B (18)

s=1 jeI '35 35 s=1 jeH '35 35 ' r
m P

where

Im = set of investment activities

Hp = set of labor hiring activities

Br = set of regional constraints

5 = indexes farm size groups

Summary of the Model
 

The structure of the yearly linear programming model is

summarized in Table V.l. A complete description of the components of

the model is presented in Appendix A.
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Dynamic Feedback Mechanisms and Exogenous Variables:
 

Equations 6, 7 and 8 above indicate the general nature of the

dynamic feedback mechanisms that relate the allocation decision prob-

lem for period t to previous decisions and to exogenous variables.

The main problem now is to define explicitly dynamic feedback func-

tions which relate the values of the objective function coefficients,

constraints elements, and input-output coefficients to preceding

solutions of the resource allocation problem, to variables being

computed in other components of the simulation model and to exo-

genously projected variables. These dynamic feedback operators and

linkages account for the dynamic properties of the adjustment and

growth process simulated by the model. The functions defined below

will be general formulations of the relationships involved. A

specific formulation is presented in Appendix A.

Objective Function Coefficients:
 

The definition of the objective function coefficient depends

on the type of activity. These coefficients are generally function

of yield, product prices, input prices, and input quantities which

are either exogenous to the model or projected by other components.

The specification of feedback operations for these coefficients should

be based on some sort of expectation model which represent farmers'

anticipation of future events.

This study assumes a simple expectation model for the co-

efficients of the objective function. The expected coefficient for

year t is equal to the coefficient of the previous year. The

coefficients for crop production activities are given by the
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difference between gross returns and variable costs lagged by one

year. For pasture activities, they are just the negative of vari-

able costs lagged by one year. For beef production activities, they

are the one year lag of gross returns minus variable costs.

The coefficients for machinery investment activities are

investment costs which include depreciation and interest on capital.

The model assumes a straight line depreciation defined as the dif-

ference between acquisition price and salvage value divided by the

number of years of life of a machine. Interest applied to the

average value of the machine is defined as acquisition price plus

salvage value divided by 2. Thus, the objective function coeffi-

cients, Zj, are given by

Paj(t) - st(t) + Paj(t): st(t)

  zjlt + 1) = N. 2 * Int(t) (19)

J

where

j 6 Im = set of investment activities

Paj = acquisition price of jth investment

st = salvage value of jth investment

Int = interest rate

Nj = number of years of life of jth investment

For labor hiring activities, the objective function co-

efficients are simply wage rate lagged by one year. This concludes

the specification of how the objective function coefficients are gen-

erated. Further details are given in Appendix A. Crop yields are

projected by the yield component. Price considerations will be dis-

cussed in a separate section below.
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Constraint Elements:
 

The elements of the constraint vector or the right-hand side

of the inequalities are the farm resources. They are generated for

each period through a series of recursive feedback functions.

Flexibility constraints are also included as right-hand side elements.

Farm resources include land for crop and livestock production,

labor and power capacities. The projection of the availabilities of

these resources is made exogenously. Only the transference of

capacities from one period to the other is endogenously made. In a

general form, this transference of capacities can be defined by a

first—order linear difference equation with endogenous and exogenous

infbrmation as fOllows:

'6(t)=A(t-1)Hx*(t-1)+GE(t-1)+"v’(t) (20)

where

Elt) = m-dimensional vector of capacities and numerical

values of behavioral constraints

A(t-l) = m x n matrix of input-output coefficients for the

preceding period

X*(t-l) = n-dimensional vector of optimal activity levels for

the preceding period

H = n x n diagonal transfomration matrix that transfer

investment made in period t-l

G = m x m diagonal transformation matrix that transfer

all or parts of the capacities of period t-l

Vlt) vector of exogenous variables.

Equation 20 represents the general process of generating the

right-hand side elements. The specific procedure used for each of

the elements is explained below.
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Land capacity: Besides the problem of projecting aggregate
 

land resources it is also necessary to project land distribution

among farm size groups over time. Clearly, land structure is an

important factor determining production response and adjustments in

the agricultural sector. As the land structure changes over time,

a transference of farms is made from one categoryto another which

implies a transference of resources. When land is transferred among

groups it carries a certain amount of other resources such as labor

and capital.

Data on agricultural land, number of farms and land distribu-

tion are available from the Census which is taken every ten years.

These data shows that the supply of land has increased substantially

mainly‘due to incorporation of new land. Number of farms and area

in each group has increased for the past four decades in absolute

numbers. However, while the absolute area in each size has increased

through time, in relative terms, the area in the "small" group has

increased at an increasing rate, and the area in the "large" group

has increased at a decreasing rate.3

In this study, this trend of land supply and distribution

is assumed to continue over the projection period for which the

model is applied. It is alSo assumed that land available for agri-

cultural use will continue to increase toward an upper bound

capacity of land that can be used for cultivation and pasturing

 

3The definition of farm size groups used in this study is as

follows: "small" group includes farms with lOO hectares or less;

"large" group includes farms with area over 100 hectares.
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activites. Furthermore, the share of each group in the total will

continue according to past trends.

The procedure used to implement these assumptions involves:

a) projection of total land available; b) projection of the distribu-

tion of land between the two farm size groups, and c) projection of

the number of farms.

Total land available is projected using an exponential ad—

justment model in which the amount of land that can be allocated to

farm production each year increases toward an upper bound capacity

determined on the basis of the total area available in the region

(Equation 21). It is assumed that this model well represents the

process of land incorporation into production. It also assures that

projected.land available does not exceed the total capacity in the

region.

TLAND(t) = TLAND(t-l) + DT/DEL - (TLCP - TLAND(t-l)) (21)

where

TLAND = total land available at time t (ha)

TLCP = upper bound on land capacity (ha)

DT = time increment in simulation run

DEL = average lag (years).

The total land available (TLAND) is split between the two

farm size groups according to a projected percentage of participation

of each group. This proportion is projected using an exponential

function adjusted to the historical percentages of land in each group

(Equation 22).
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BCCl(t) = A] ° EXP (A2 ° T) (22)

where

BCCl = proportion of total land in one group

Al and A2 = parameters of the function

EXP exponential function

T

time variable

After estimating the proportion of land in one group, the

total amount of land can be split between the two groups as follows:

ASMALL(t) = BCCl(t) - TLAND(t) (23)

and

ALARGE(t) = (l - BCCl(t)) ° TLAND(t) (24)

where

ASMALL = area available for the "small" group (ha)

ALARGE area available for the "large“ group (ha)

The number of farms in each size group was projected using,

as a first approach, an exponential growth function. Some attempt

was made to use a probabilistic model based on the Markov Chain

Process,4 but the nature of the data did not allow reasonable

estimates through this proCedure.

 

4For the use of Markov Chains to project number of farms by

classes see, for example, Ronald D. Krenz, "Projection of Farm

Numbers for North Dakota with Markov Chains," Agricultural Economics
 

Research 16(3): 77-83; Gerald W. Dean et al., “Supply Functions for

Cotton in Imperial Valley, California," Agricultural Economics Re-

search l5(l): l-l4, and Rex F. Daly et al., “Farm Numbers and Sizes

in the Future," in A.G. Ball and E.0. Heady eds., Size, Structure,

and Future of Farms (Ames: Iowa State University Press, 1972).
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Thus, the number of farms in each group is given by

SNFS(t) = Bl - EXP (Cl - T) (25)

and

LNFL(t) = 82 - EXP (C2 - T) (26)

The total number of farms is then

TNF(t) = SNFS(t) + SNFL(t) (27)

where

SNFS = number of farms in the small group

SNFL = number of farms in the large group

TNF = total number of farms

T = time variable

The difficulty in maintaining consistency between the

number of farms and the area in each category is a major short-

coming in using an exponential growth function to project farm

numbers. Using this procedure, projection is simply an extrapola-

tion of past trends into the future. However, in the present case

this may be a reasonable assumption to make, given the time

horizon considered in the study and the indications that past trends

of increasing farm numbers and decreasing average farm size will

continue for at least a decade..

The total land available in each size group can be allocated

either to summer or winter crops. This allocation is taken care of

in the set up of the linear programming model. Another land
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restriction included in the model is irrigated land which is used

only for rice, and is considered as a subset of total land.

Irrigated land capacity is projected assuming a constant rate of

increase which accounts for land developments (Equation 28).

AIRG(t) = (l + BCl) - AIRG(t - l) (28)

where

AIRG = irrigated land available for rice production (ha)

BCl = rate of change (dimensionless)

Labor capacity: The seasonal capacity for a given time t
 

depends on the capacity for time t-l, on the growth rate of farm

population, and on the number of hours a person works per period.

Labor force is projected assuming a decreasing rate for increases

in farm population (Equation 29).

ACFPOP(t) = (l + BTl(t)) - ACFPOP(t-l) (29)

where

ACFPOP projected active agricultural family labor force

(man-equivalent)

BTl annual growth rate of farm population (dimension-

less)

The annual growth rate of farm population (BTl) is assumed

to decrease from 0.8 percent to 0.4 percent during the period

l970-l985. The total number of family labor hours available during

th
the i season, at time t, is given by active labor force times

the number of hours a person works per period (Equation 30).
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TFLHi(t) = BCC2(t) - ACFP0P1(t); i E B (30)
h

TFLH total family labor available (hours)

8CC2 working time equivalent (hours/man-equivalent/

period)

8h set of labor constraints

The coefficient 8CC2 in Equation 30 is time variant; its

increase is assumed to account for learning effects which increase

the efficiency of labor use. The model assumes that the working

time equivalent increases continually until it reaches a maximum at

the end of the simulation time horizon (Equation 31).

where

BCC2(t) = BCC2(t-1) + DT/DEL - (BBAR — BCC2(t-1)) (31)

8CC2 = workin time equivalent (hours/man-equivalent/

period

BBAR = upper bound on working time equivalent (hours/

man-equivalent/period).

Machinery and Animal Power Capacity: The number of hours
 

available by draft animal and machinery at time t, is the capacity

available at time t-l, less depreciation on a straight line basis,

plus investments made at time t-l (Equation 32).

POCAPi(t) = (l

where

BCDi) - POCAPi(t-l) + BCHi - INVP¥(t-l); i e Bm (32)

h
capacity available of it power source (hours)POCAPi

investment in ith power source (unit)INVPi
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8CD1 = depreciation rate (dimensionless)

BCHi = working capacity (hours/unit/period)

8m = set of power constraints

FlexibilityAConstraints: The general nature of flexibility
 

constraints is shown in Equation 17 above. Basically, these con-

straints establish feedback linkages through which production

patterns become a function of the previous year's optimal level of

the decision variables. This model includes flexibility constraints

consisting of upper and lower bounds on crop and pasture areas. The

hectarage bounds for year t are defined as follows:

Upper bounds:

xjm 1 (1 + 8,.) - xgu -1) (33)

Lower bounds:

xjm .>_ (1 - 2,) . xg<t -1) (34)

where

Xj(t) = total solutig: hectarage of all activities pro-

ducing the j crop in year t (ha)

X*(t-l) = optimal solution hectarage for the jth crop in

year t - 1 (ha)

81 and 8. = maximum allowable percentages of increase and

decrease, respectively, from the hectarage in

the preceeding year.

The flexibility coefficients, 8}

havioral bounds on hectarage levels. For this reason, the estima-

and 84, define the be-

tion of these coefficients is very important since they basically



109

determine the predictive power of the model. Miller5 presents

several procedures for estimating these coefficients. In accordance

with most methods suggested, flexibility coefficients were esti-

mated from historical year to year changes in area for crops and

pasture. It was quite impossible to leave out any sort of judg-

ment in respect to expected changes and also in respect to model

behavior. In some cases where the data were not available or the

estimates were considered as critical to model performance, some

adjustments were necessary and were made based on a judgment of

the empirical situation.

One major problem with most methods of estimating flexi-

bility coefficients is that they give coefficients which are con-

stant over time. This means that the maximum proportion of change

in the level of an activity is the same in all years regardless of

the number of factors that can affect production pattern adjust-

ments. Recently, Sahi and Craddock6 have developed models which

incorporate changes in the flexibility coefficients over time. In

their models, the proportionate rate of changes are estimated as

functions of several variables, such as acreage in the previous

year, expected prices, expected inventories, and expected export

prices.

 

5Thomas A. Miller, "Evaluation of Alternative Flexibility
Restraint Procedures for Recursive Programming Models Used for Pre-

diction," American Journal of Agricultural Economics 54(1): 68-76.

. éR.K. Sahi and N.J. Craddock, "Estimation of Flexibility Co-

efficients for Recursive Programming Models - Alternative Approaches,"

American Journal of Agricultural Economics 56(2): 344-350.
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Regional Constraints: Two regional restraints are included
 

in the model. These are the regional availability of tractors and

the regional supply of wage labor. The regional supply of tractors

is assumed to increase at a constant rate (Equation 35).

RST(t) = (1 + 8C2) - RST(t - 1) (35)

where

RST = regional supply of tractors (units)

8C2 = rate of change (dimensionless)

The regional availability of wage labor is determined in the

same way as the availability of family labor. First, the active

wage population is projected assuming a decreasing growth rate

(Equation 36).

ACNPOP(t) = (1 + BT1(t)) - ACWPOP(t - 1) (36)

where

ACNPOP projected active agricultural wage labor force

(man-equivalent)

8T1 annual growth rate of farm population (dimension-

less)

Then, the total hours available is given by

TNLHi(t) = 8CC2(t) - ACNPOPi(t); i 6 Br (37)

where

TNLH = total wage labor available (hours)

8CC2 = as defined in Equation 31

8 = set of regional constraints
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Input-Output Coefficients:

Changes in technical coefficients over time other than yields

are incorporated in the model through a routine that computes new

input-output coefficients before the linear programming problem is

solved for each period. These changes are exogenously determined;

they will include changes in labor, draft animal, and tractor hours

requirements for crop activities, thereby reflecting some pattern of

technological advancement. The explicit formulation of changes in

these technical coefficients will be presented in Chapter VI, when

discussing empirical results of the study.

Production and Accounting Component
 

This component is designed to carry out the accounting of

the model outputs and computations of performance criteria used to

analyze model results. Accounting, which is done on a yearly basis,

includes land use patterns, production levels, income, resource

utilization, input ratios, and resource productivities. Besides

obtaining disaggregate values by farm size groups and farm enter-

prises, aggregated values are also obtained for the region as a

whole by summing across the size groups and the enterprises.

Land Use Pattern:

Farm land allocation pattern over time is given by the acti-

vity levels from the linear programming model. It includes crops

and pasture areas by size. From these results the total cultivated

land with crops, ARSS, by size is obtained as
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4

ARSs(t) = jil ARCSjS(t) (38)

th crop in size s. The totalwhere ARCSJ.S is the area of the j

utilized area, TUASS, in each size includes crop area and pasture

area (Equation 39).-

TUASs(t) = ARSS(t) + ANPS(t) + ACPS(t) (39)

where ANPS and ACPS are the areas with natural pasture and

cultivated pasture in size s, respectively.

Regional aggregation for the area of a given crop, ARCj,

for cultivated land, ARj, and for total utilized land, TUA, is

given by summing the respective quantities across size as follows:

2

ARCj(t) = 5:1 ARCSjs(t) (40)

2

AR(t) = 2 ARSS(t) (41)

s=1

and

2 .

TUA(t) = z TUASS(t) (42)

s=1

Production:
 

Once the land allocation to various production activities is

determined for any given year, output levels of crops and beef pro-

duction can be computed by simply multiplying activity levels by

the respective yield levels. Production of a given crop in each

farm size group is given by

PRODCjS(t) = ARCSjs(t) - YLDAjS(t) (43)
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where

PRODCjs = production of jth crop in size 5 (kg)

ARCSJ.S = area of jth crop in size 5 (ha)

YLDAjs = yield of jth crop in size s (kg/ha)

Beef can be produced using natural pasture and cultivated

pasture. The beef production activities in the model are given in

terms of "cow units" defined as animal aggregate. Production in

terms of meat is given by

. = . ' .o . .- .+PRODBJS(t) ARPJS(t) (PROPSJ YFATSJ + PROPCJ YFATCJ

PROPCCj - YFATCCj) (44)

where

PRODBjs = beef production in size s using pasture j (kg)

ARPJ.S = area of jth pasture in size 5 (ha)

PROPS = proportion of fat steer output per cow unit

(dimensionless)

YFATS = yield of meat per fat steer (kg/head)

PROPC = proportion of fat cow output per cow unit

(dimensionless)

YFATC = yield of meat per fat cow (kg/head)

PROPCC = proportion of cull cow output per cow unit

(dimensionless)

YFATCC = yield of meat per cull cow (kg/head)

The proportions and yields in Equation 44 vary according to

the type of pasture used. Yields are assumed constant over time.

Regional production of a given crop, TPROD, is given by
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TPRODj(t) = PRODCjS(t) (45)

s

and total production of beef, TPROB, by

2 2

TPR08(t) = 2 z PRODB.S(t) (46)

j=l s=1 3

Income:

The total value of farm output, or grOss income, is given

by the value of crop production plus the value of beef production

(Equation 47):

SVFOS(t) = VPRCS(t) + VPRBS(t) (47)

where SVFOs is the gross income for size 5. The value of crop

production, VPRC, for a given size 5, is given by the summation of

output times price for the various commodities (Equation 48).

VPRCS(t) = j PRODCjS(t) - PYCj(t) (48)

"
M
k

—
1

th
where PYCj is the expected price of j product.

Similarly, the value of beef production, VPRB, is

2

VPRBS(t) = PYB(t) - z PRODBjS(t) (49)

i=1

where PYB is the expected price of beef.

The regional value of farm output is then

TVFP(t) = SVFPS(t) (50)

5

"
M
N

—
.
1
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Net farm income, defined as gross income minus variable

costs, is given by the value of the objective function of the linear

programming model. For a given farm size 5 it is computed as

m

SOBJS(t) = jg] st(t) . st(t) (51)

where X. is the activity level, Z. is the objective function

35 35

coefficient, and m is the number of activities in each size group.

The total net farm income is then

2

TOBJ(t) = z

s=1

SOBJS(t) (52)

Value added is a measure of the contribution of the farm

sector to the economy. It is defined as the returns over cash costs

incurred due to inputs originating in the non-agricultural sector.

For a given size s, valued added, SVAD, is given by

SVADS(t) = SVFOS(t) - SEXPS(t) (53)

where SEXP is the expenditure on non-agricultural inputs. The

regional total is then

2

TVAD(t) = Z SVADS(t) (54)

s 1

Average gross farm income, A61, is the total value of

output divided by the number of farms in each category (Equation

55).

AGIS(t) = SVFOS(t)/SNFS(t) (55)
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Similarly, average net farm income, ANI, is

ANIS(t) = SOBJs(t)/SNFS(t) (56)

A rough measure of income distribution between farm classes

can be determined by the percentage of farms and the percentage of

income in each class as follows

PCTIS(t) SVFPs(t)/TVFO(t) . ioo (57)

PCTFS(t) SNFS(t)/TNF(t) - 100 (58)

where PCTIS and PCTFS are the percentage income and percentage

of farms in class 5, respectively.

Resource.Uti1ization:
 

The actual demand for various inputs can be computed by

enterprise and by type of input. Quantities used and expenditures

on fertilizer, seed, hired labor and "other inputs" are computed

here.

In general, the total amount of a certain input used is

given by

m 2

TINPi(t) = 3:} 5:1 CINPijS(t) (59)

where CINPijs is the amount of input i used in crop j, for

size 5. The expenditure on the input is simply

EXINPi(t) = TINPi(t) - PXi(t) (60)

th
where Pxi is the expected price of the i input.
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The amount of fertilizer used for a given crop and size is

given by

CFERTjS(t) = st(t) . FERTj(t) (61)

where st is the activity level and FERT is the fertilizer applica-

tion rate. The regional total demand for fertilizer is then

m 2 -

TFERT(t) = 2 z CFERT.S(t) (62)

j=l s=1 3

Similarly, the amount of seed used for each crop is

CSEEDjS(t) = st(t) - SEEDj (63)

where SEEDj is the amount of seed used for jth crop. The total

amount used is

TSEEDj(t) = CSEEDjS(t) (64)

"
M
N

_
1

s

The expenditures on fertilizer and seed are given

respectively by

EXFERT(t) = TFERT(t) - PFER(t) (65)

and

EXSEEDj(t) = TSEEDj(t) - PSEEDj(t) (66)

where PFER and PSEED are the expected prices of fertilizer and

seed, respectively.

For purposes of analyzing agricultural employment, the

model generates labor requirements including family and wage labor
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by size group and regional total. Labor use for a given size is

computed as

3 m

SLABS(t) = ii ii xijs(t) . Aijs (67)

i-l j-l

where

SLABs = amount of labor used for size s

xi's = level of activity j using labor of period

3 i in size s.

A1.S = labor requirement per hectare of activity j

J on period i and size 5.

The total labor use in the region is given by

2

TSLAB(t) = 2 SLABS(t) (68)

s=1

Hired labor is given by size and region as follows

3

HLABS(t) = -E st(t) (69)

J-1

2

THLAB(t) = z HLABs(t) . (70)

s=1

where

X.S = level of labor hiring activity for period j and

3 size 5 (hours)

NLABS = amount of wage labor used for size 5 (hours)

TNLAB = regional amount of hired labor used (hours).

The value of wages paid by size, SHG, and for the region,

THG, is simply

SNGS(t) = NLABS(t) ° NAGE(t) (71)

and
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2

THG(t) = z SHG(t) (72)

s=1

Similarly, the amount of tractor, combine and draft animal

hours can be computed in the same way as it is for labor.

The percentage of hired labor relative to total labor use

is given by

(PWLS(t) = NLABS(t)/SLABS(t) - 100 (73)

and for the region by

PTHL(t) = TNLAP(t)/TSLAB(t) - 100 (74)

Input-Input Ratios:
 

Labor use per hectare for a given size is computed by

RLHAS(t) = SLABS(t)/ARSS(t) (75)

For the region it is given by

RTLH(t) = TSLAB(t)/AR(t) ' (76)

Similar ratios are computed for tractor and draft animal as well.

In addition, tractor/labor ratios and draft animal/labor

ratios are computed fer each size and for the region. For each size

it is given by ,

TRLs(t) = STRCs(t)/SLABS(t) (77)

DALS(t) = SDRFS(t)/SLABS(t) (78)

And for the region
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TTRL(t) TSTRC(t)/TSLAB(t) (79)

TDAL(t) TSDRF(t)/TSLA8(t) (80)

where STRCS, TSTRC, and DALS, TSDRF are tractor and draft animal

hours used for a given size 5 and the region, respectively.

Resource Productivities:

Factor productivities for land and labOr is determined as

net returns divided by the amount of factor used.

Land productivity is given by

PDYLNS(t) = SOBJS(t)/TUASS(t) (81)

and

RPYLN(t) = TOBJ(t)/TUA(t) (82)

where PDYLNS is land productivity in size 5, and RPYLN is the

regional land productivity index.

Similarly, labor productivity is computed as

PDYLBS(t) = SOBJS(t)/SLABS(t) (83)

and

RPYLB(t) = TOBJ(t)/TSLA8(t) (84)

where PDYLBS is labor productivity in size s, and RPYLB is the

regional labor productivity index.

Product and Igput Prices Expectations

The importance of price expectation is well recognized in

economic decision-making. Among the different price concepts
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existing, the relevant variable in decision-making is the expected

price, since decisions are always made before prices are realized.

Product and input prices are needed to run the model for a

projection period. Various alternatives exist to determine such

prices. A simple procedure, for example, is to assume all prices

constant at initial values. This is certainly an unrealistic assump-

tion, since prices are continuously changing. 'Another alternative

is to consider some sort of expectation model to generate future

prices. This also can be an unrealistic assumption since little

information exists on how farmers form expectations about future

prices. A useful expectation model would require a great deal of

information. Even the most complete model would be merely an attempt

at projecting future prices due to all the uncertain factors involved.

Before choosing an alternative to deal with prices, a

question that must be considered is the rationale for assuming prices

exogenously determined in the model. It can be assumed that the

region for which this model is constructed is too small to influence

output and input prices. Hence, prices are exogenously given to the

model, since changes in product supply and input demand in the region

would not affect prices. In this study this assumption is maintained.

However, it is made with reservation since, at least in the case of

wheat and soybeans, changes in production may possibly affect prices

due to the fact that a large proportion of the national production

of these two products is provided by the region. For corn and rice

this possibility is more unlikely since the region only produces a

small proportion of the national output.
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In order to satisfy the requirements of the model, future

prices are generated by means of simple expectation models which base

future price expectation on past behavior. The general mechanism

used involves basically two steps. First, average prices are pro-

jected by increasing the initial prices at a constant rate of change

determined from past trends. Then, expected prices are computed

using a distributed lag model assumed to reflect farmers' expectations

of future values. The expectation models consist of a first order

distributed delay that computes expected prices as exponential

averages of past values.

The average product price is projected by the following equa-

tion:

AVPYj(t) = AVPYOj ' (1 + T ° PYCHj) (85)

where

AVPY = average product price (Cr$/kg)

AVPYO = product price in the beginning of period (Cr$/kg)

PYCH = rate of change of product price (dimensionless)

T = time variable

The value of PYCH and all other rates of price changes used

to project prices are determined based on past price changes. These

rates are assumed both to extrapolate past prices into the future,

and to represent the effects of inflation and other factors which

affect prices. These rates are computed by taking the average of

price changes during the period 1965-1970. Comparison of actual and

projected prices for the period 1970-1976 showed that the procedure

used estimates prices reasonably well.
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As a number of studies indicate, supply response may be

viewed as an adaptation process in an uncertain world where lags

in the adjustment processes exist. The quantity of a crop ready for

harvesting is determined by economic and non-economic factors that

operate before planting time and during growth stages. Because of

uncertainty farmers are continuously adjusting to these factors.

The implication of considering supply response as an adaptation pro-

cess is that independent variables in supply estimates should include

lagged prices to account for the effects of past values on actual

quantity supplied.

Given these considerations, expected prices are computed in

the model as exponential averages of projected average prices with

an average delay of three years. Clearly, the determination of the

average delay or adjustment coefficient of distributed lag models

should be based on empirical knowledge of how farmers weight past

values in future price expectations. In this study the average lag

is assumed as three years. No empirical data were available to

support this assumption. It is justifiable, though, given the types

of products involved and the characteristics of the production pro-

cess in the region.

Given the average prices, it is assumed that farmers'

decisions are based on expected prices determined by an adaptive

expectation model of the form

PYj(t) = PYj(t-1) + DT/DEL3 - (AVPYj(t) - PYj(t-1)) (86)

where
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PY expected product price (Cr$/kg)

DEL3 average lag (years)

The procedure described above applies to product prices. 0n

the input side, the procedure to generate prices varies according

to the nature of the input. The price of fertilizer is determined

as follows:

PF(t) = PFO ° (1 + T ' PFCH) (87)

where

PF = average price of fertilizer (Cr$/kg)

PFO = fertilizer price in the beginning of period (Cr$/kg)

PFCH = rate of change of fertilizer price (dimensionless)

The value of PFCH is determined on the basis of past price

changes. Next, the average price is exponentially lagged to give the

expected price (Equation 88).

PFER(t) = PFER(t-l) + DT/DEL3 ° (PF(t) - PFER(t-1)) - (88)

where

PFER = expected price of fertilizer (Cr$/kg).

The price of seed is determined from the expected product

price as

PSEEDj(t) = PYj(t) + PSCDIFj (89)

where

PSEED = expected price of seed (CrS/kg)

PY = expected product price (Cr$/kg)

PSCDIF = seed differential cost (Cr$/kg).
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The wage rate of labor is also projected using an average

rate of past changes. It is given by

WAGE(t) = WAGEO - (1 + T ° WAGECH) (90)

where

WAGE = wage rate (Cr$/hour)

HAGEO = wage rate in the beginning of period (Cr$/hour)

HAGECH = rate of change in wage rate (dimensionless).

Acquisition prices of investment goods are also determined

in the same way so that

PAQi(t) = PAQOi ° (1 + T ° PAQCHi) (91)

where ‘

PAQ = acquisition price (Cr$/unit)

PAQO = acquisition price in the beginning of period

(Cr$/unit)

PAQCH = rate of change of acquisition price (dimensionless)

Salvage values are assumed as a proportion of acquisition

prices such that

PSLi(t) = RT ° PAQi(t) (92)

where

PSL = salvage value (Cr$/unit)

RT = proportion of acquisition price determining salvage

value (dimensionless)

The value of interest rate and the prices of other inputs

are assumed constant, at the initial level, for the duration of the
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model run. Changes in these prices are assumed to have no major

effects on farmers' decisions, since they only account for a small

proportion of production costs.

Data Requirements and Sources

The implementation of the model requires a wide range of

data which makes it necessary to use quite diverse sources. Basically,

three categories of data are used in the model: a) Initial conditions,

b) Constant parameters, and c) Time-varying parameters and exogenous

variables. Following is a description of the data requirements and

sources that fall in each category.

Initial Conditions

In order to start the first cycle of computations, it is

necessary to have initial values for the constraint vector of the

annual allocation model for 1970. They include land constaints,

labor, draft animal and machinery capacities. The initial values

for these constraint elements are derived from census data pub-

lished by the Fundacao Instituto Brasileiro de Geografia e Estatistica

(IBGE). The constraint vector also includes flexibility constraints

for crops and pasture whose initial values are derived from his-

torical data on cultivated area also published by IBGE.

Constant Parameters

Constant parameters used in the model are related to produc-

tion techncflogy, input application rates, prices, and rates of change.

The main reason for considering these parameters as constants is

lack of data needed to estimate them as time variant. Some of the
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parameters which are constant in time include: a) input-output

coefficients for crop, pasture and beef activities; b) application

rates of various crops and livestock inputs; c) livestock yields;

d) flexibility coefficients, and e) various rates of change.

The input-output coefficients are derived from farm budgets

contained in Engler.7 Other sources of farm level data used are

9
Adams et al.,8 and Ahn. Flexibility coefficients and rates of

change are estimated based on historical data from IBGE.

Time-Varying Parameters and Exggenous Variables

By its very nature, the model is able only to provide con-

ditional projection since its results depend on a given set of

assumptions concerning the behavior of time-varying parameters and

exogenous variables which are determined on the basis of off-line

projections. Included in this category are: a) prices for product

and inputs; b) labor wage rate; c) proportion of land on each farm

size group; d) number of farms; e) population growth rate, and

f) working time equivalent of labor. Most of these projections are

based on historical data contained in various IBGE publications.

 

7J.J.C. Engler, "Alternative Enterprise Combinations Under

Various Price Policies on Wheat and Cattle Farms in Southern Brazil,"

Unpublished Ph.D. dissertation, The Ohio State University, l97l.

8Dale W. Adams et al., "Farm Growth in Brazil," Department of

Agricultural Economics and Rural Sociology, The Ohio State Univer-

sity, 1975.

9C.Y. Ahn, “A Recursive Programming Model of Regional Agri-

cultural Development in Southern Brazil (1969-1970): An Application

of Farm Size Decomposition," Unpublished Ph.D. dissertation, The

Ohio State University, 1972.



128

Data used to implement the model are contained in the computer

program given in Appendix C. Detailed description of the data, in-

cluding survey methods and procedures, date of collection, and number

of observations can be found in the references cited in this chapter.

In summary, Chapter V presents a complete description of the

model developed in this study. The major emphasis is on developing

a logical framework which can be improved over time with better data

and greater understanding of the structure and processes of reality.

The model is composed of three components: a) a yield component

which estimates crop yields given the yield-nutrient response func-

tions; b) a resource allocation component consisting of a Recursive

Linear Programming model which allocates land and other farm re-

sources to alternative farm enterprises, and c) a production and

accounting component which computes production levels and other per-

formance criteria by commodity, farm size, and regional aggregates.

The model is developed with the objective of analyzing the impacts of

alternative technologies on production. However, it can be uSed for

such other purposes as analysis of product and input pricing policies.

The model has been developed and used by itself, but due to its

flexibility, it can be easily linked to and used as a component of

a larger sector model. Improvements on the data base and further

model refinements would contribute to its usefulness in providing

results applicable to policy recommendations.



PART C

MODEL APPLICATION AND ANALYSIS



CHAPTER VI

EMPIRICAL RESULTS

This chapter presents the empirical results obtained by

operationalizing the model developed in this study. The structure

of the model indicates that a large amount of results can be ob-

tained from it.‘ The model permits simulation of results for

alternative technology assumptions by: a) Farm size groups;

b) Crops; c) Inputs, and d) Years, in detailed form. To analyze

all the results for the various dimensions involved is virtually

impossible. Considering the objectives of the study, analysis is

limited to a few selected variables related to production, employ-

ment and input utilization, and income. Further, instead of pre-

senting the results for all the years focus is on the projected

results for 1980 only, with comparisons to the 1970 results.'

According to the objectives of the study, a few situations

will be analyzed in respect to the impacts and adjustments of

alternative production technologies. Specifically, model applica-

tion and analysis will concentrate on: a) the impacts of introducing

high-yield varieties with higher response to fertilizer application,

and b) the impacts of an increasing level of mechanization defined

by alternative production processes through variations on the

 

1A sample of the yearly output results is contained in Appendix B.
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labor, tractor, and draft animal requirements. A description of

each technology alternative and the procedures used to study each

situation is presented below.

A Note on Model Operation
 

In the basic linear programming model of the resource alloca-

tion component production activities are programmed with two types

of technology, namely, traditional, using draft animal power and

modern, using mechanical power. So, originally, for each activity,

two processes of production are defined and included as distinct

activities in the programming model. With this set up the model

would solve for the optimum combination of activities and processes

over time.

In order to analyze the impacts of increasing levels of

mechanization through time, the structure.of the basic model is

modified to include only one process for each activity. The new

process is defined as a combination of the traditional and modern

processes as defined in the original structure.

The modification is easily done by the computer program and

basically involves the following steps: a) assign a high cost for

all production activities with traditional technology; b) combine

the input-output coefficients of labor, tractor, and draft animal

of the traditional and modern processes in given proportions so as

to define a new process for each activity, and c) assign a value

zero to each input-output coefficient of the traditional activities.

This procedure is conducted for every year before the allocation
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problem is solved. Thus, different levels of mechanization can be

'introduced over time by changing the proportions with which the

traditional and modern processes are combined. The results presented

in this chapter are based on the modified structure and are related

to various assumptions in respect to yields and mechanization levels.

 

Technology Alternatives Designed for Experiment

The analysis of the potential impacts and adjustments arising

with the introduction of high yield varieties and an increased level

of mechanization is conducted by means of simulation of different

technology alternatives through time. The model is used to simulate

six alternatives. These are related to three yield levels and three

mechanization levels. For a given alternative, simulation is con-

ducted by providing input values for the relevant variables and main-

taining the same set of assumptions in respect to model structure and

exogenous variables. Choice of the values representing different

technology alternatives is made based on realistic assumptions about

technological innovations which could feasibly be developed through

research programs and adopted during the time horizon considered.

Alternative Varietal Technology
 

The basic objective of agricultural research institutions is

to allocate resources to research programs directed to effect tech-

nological change to increase productivity of scarce resources and

increase total production of major commodities. One line of research

programs often emphasized is the development of new crop varieties

which give higher yield per unit of land and also uses fertilizer

more efficiently.
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The problem of low productivity in the agricultural sector

of Rio Grande do Sul has been pointed out in previous chapters.

Given the exhaustion of possibilities for further extensive expan-

sion of output, low productivity growth rates can have adverse

effects on the regional economy. With limited possibilities of ex-

pansion of cultivated area through incorporation of new lands,

increases in output of one commodity will take place only at the

expense of other products. Thus, sustained increases in output will

have to rely more and more on productivity growth coming from an

increased use of modern inputs.

Technological change based on varietal improvements will de-

pend on farmers' decisions to adopt the innovations and to a large

extent on organized activities carried on primarily in the public

sector. Given the fairly low levels and low growth rates of yields,

a great potential for rapid gains in agricultural productivity seems

to exist in Rio Grande do Sul. More than the manipulation of the

pricing system for agricultural commodities and inputs will be re-

quired for this potential to be explored. Greater attention has to

be given to research, extension and rural education in order to

achieve the objective of productivity growth.

Varietal and fertilizer are two integrated technologies. The

interaction effects between them have been proved highly significant.

It has been observed that fertilizer application to indigenous

varieties shows small response. 0n the other hand, improved varieties

tend to do just a little better than indigenous varieties if no

fertilizer is applied. Improved varieties can express their higher
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yield potential when they can respond satisfactorily to higher

levels of fertilizer application. The economic implications of

this interaction effect is that high-yielding crop varieties will

essentially facilitate the substitution of fertilizer for land,

leading to changes in resource proportions, and to substantial in-

creases in output.

Modeling of a research component would permit the generation

of technological change endogenously in the model. The relation-

ships between allocation of research funds to research activities

and research outcomes in the form of higher productivity levels

would have to be considered in the model. This consideration, how-

ever, was not included in the research objectives. Rather, a prag-

matic approach is followed which consists basically of a set of

assumptions about possible research outcomes that could be generated

by the research sector.

A set of planned productivity gains for each crop is assumed,

and viewed as tentative research administrators' decisions to develop

technological innovations which would have the major impacts of

increasing output per unit of land. Alternative assumptions can be

seen as representing the goals and objectives in respect to technology

policy. More specifically, it is assumed that: a) Research outcomes

have a combination of attributes related to varietal improvement and

response to fertilizer; b) Planned research outcomes are realized and

come about at the beginning of the planning period in the form of

increased output per unit of land, and c) Increases in yields through

time occur according to a given innovation pattern which accounts for
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diffusion and adoption lags characteristic of the innovation pro-

cess.

The modeling of the social diffusion process related to

technological innovations was not in the objectives of this study.

Aspects of diffusion are important in studying the impacts of tech-

nological change. The adoption rate of an innovation is a function

of profitabilities, promotion and natural diffusion by "demonstra-

tion effects". This involves time for experimental station results

to show up as realized productivity gains. For a given situation an

adoption pattern is defined.

In order to account for innovation diffusion aspects in the

model, a hypothesized adoption pattern was used which accounts for

time delay in adoption and differences between experimental station

and farmers' production conditions. Specifically, the percentage of

land producing at higher yield rates is assumed to follow a normal

distribution giving an S-shaped cumulative distribution over time.

Clearly, the form of the adoption pattern is a testable hypothesis.

As information becomes available different situations can be simulated

by the model.

Adoption rates of high yield varieties may differ among

crops. For simplicity, the same pattern is assumed for all crops.

In respect to farm size, biological innovations seem to have no

scale effect. However, differences in farmers' educational levels and

access to markets and new technical knowledge may cause diffusion

patterns to differ according to farm size. A number of studies

show that larger farms tend to adopt modern farm practices before
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smaller farms and at a faster rate. Thus, larger farms begin using

modern methods earlier and reach maximum user levels sooner. How-

ever, a lack of data and a desire for simplicity in the operation of

the model, cause the same innovation pattern to be assumed for both

farm size groups included in the study.

Yields are determined in the model by fertilizer response

functions. The response function will change with technological ad-

vancement in terms of improved variety. In general, all parameters

(rfthe function will change as a new nutrient-response relationship is

defined. Yield increases due to varietal improvements are assumed to

shift the response function upward by a certain percentage of the base

level. This means a change in the intercept of the function main-

taining the same slope parameters. Experimental data could be used

to determine new response functions. An upward shift of a quadratic

response function will not change the optimum fertilizer application

rate if product and input prices are the same. But this still means

a higher response to fertilizer, since yield will be higher for the

same amount of fertilizer applied.

The realized increase in yield at a given time is indicated

by the percentage increase at the experimental station times the

proportion of land producing at higher yield rates determined by

the innovation pattern. It is given by

YBACH(t) = PROAR(t) ~ YLDCH (1)

where
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YBACH = actual percentage increase in yield (dimension-

less)

PROAR = proportion of land producing at higher yield

rates (dimensionless)

YBACH = percentage of yield increase from base level

(dimensionless).

Then, the actual base yield level is determined simply as

YBASEj(t) = YBASEj(t - 1) - (1 + YBACH(t)) (2)

where

th
YBASEj = actual base yield level for j crop (kg/ha)

The variable YBASE determined by Equation 2 becomes the new

intercept for the fertilizer response function; expected yields are

determined on the basis of the optimum application rate of fertilizer:

YLDj(t) = YBASEj(t) + ALPHAj - FERTj(t) + BETAj . FERT§(t) (3)

where

YLDj = expected yield rate for jth crop (kg/ha)

FERTj = fertilizer application rate (kg/ha)

ALPHA, BETA parameters of the response function.

Yields are contained in the objective function coefficients.

Thus, changes in yields will affect the Zj's coefficients of the

linear programming model over time. Three alternatives in respect

to crop yields are analyzed: a) base yield rates determined by the

original response functions; b) 30 percent increase in base level,

and c) 50 percent increase in base level. Pasture and livestock

yields are maintained constant throughout the period of model run.
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Alternative Mechanical Technology

Mechanization is a type of technological change which de-

pends more on individual decisions of farmers than on organized

activities of the public sector. Farmers' decisions to increase

the level of mechanization are functions of their financial con-

dition and resource availabilities. Subsidized credit for the pur-

chase of agricultural machinery has had a great impact on the rate

of adoption of this type of technology in Rio Grande do Sul.

Mechanical innovations permit the substitution of land and

capital for labor. It permits substitution of land for labor be-

cause a given unit of labor can till more land with mechanical

power. At the same time capital is also substituted for labor.

Thus, productivity of labor will increase as more capital is applied

to given amounts of land.

One of the objectives of this study is to analyze the im-

pacts of increased levels of mechanization on production and resource

allocation. To reach this objective changes are introduced over time

in the input-output coefficients of the linear programming model.

These changes define new production processes given in terms of vary-

ing proportions of labor, draft animal, and tractor services require-

ments for production activities.

Originally, two production processes were defined for each

crop activity, a traditional and a modern. Then, a new process is

defined as a linear combination of the original processes. The com-

bination is related to the input-output coefficients of labor, draft

animal, and tractor only.
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For labor of any given period the new input-output coeffic-

cients are defined as follows:

W _ . M _ . T
Aij(t) - WTL Aij(t) + (l WTL) Aij(t) (4)

where

Afij = labor requirement per hectare with new process W

(hours/ha)

A?. = labor requirement per hectare with modern process M

J (hours/ha)

A}. = labor requirement per hectare with traditional process

3 T (hours/ha)

WTL = proportion of modern process in the new process

(dimensionless)

i = labor constraints

_j = production activities.

Similarly, the new input-output coefficients for tractor are

defined as

W _ M

AiJ-(t) - WTA - Aij(t) . (5)

where

> -
2

ll

1j tractor requirement per hectare with new process W

(hours/ha)

>

I

1 - tractor requirement per hectare with modern process M

J (hours/ha)

WTA proportion of modern process in the new process

(dimensionless)

A
.

l
l

tractor capactity constraint

and, for draft animal as

W _ . T

Afim - (i - wiA) Aijn) . (6)
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where

> -
2

ll1. draft animal requirement with new process W

J (hours/ha)

D
) II1 draft animal requirement with traditional process

3 T (hours/ha)

draft animal capacity constraint‘
0

l
l

Basically, Equations 4, 5 and 6 define a combination of

processes. In order to increase the level of mechanization, it is

necessary only to increase the proportions WTL and WTA. In fact,

these parameters are time variant, with changes determined by an

innovation pattern similar to the one used for yield. Modernization

takes place over time according to an innovation pattern which gives

the proportion of land using the higher technology level for a given

time t. ' A given increase in WTL and WTA applies to a certain pro-

portion of land. These proportions are determined as follows:

NTL(t) = WTL(t - 1) + PRMOL(t) ' WTLCH (7)

WTA(t) = WTA(t - 1) + PRMOL(t) - WTACH ' (8)

where

PRMOL = prOportion of land using new technology

(dimensionless)

WTLCH = rate of increase in WTL (dimensionless)

WTACH = rate of increase in WTA (dimensionless).

Tractor mechanization substitutes for labor and draft

animal. Three alternatives related to the level of mechanization

are analyzed: a) a 25 percent proportion of modernization

(WTL = 0.25, WTA = 0.25); b) a 50 percent proportion of modernization
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(WTL = 0.50, WTA = 0.50), and c) a 75 percent proportion of modern-

ization (WTL = 0.75, WTA = 0.75).

The model run alternatives made are summarized in Table V1.1.

They include three alternatives in respect to yield, given a 50 per-

cent proportion of combination of modern and traditional processes,

and three alternatives in respect to mechanization, given base yield

 

 

levels.

Table VI.l: Summary of Alternative Techonology Runs

Run No. Alternative Description

1 IA. YLDCH = 0 (i) Base yield levels

WTL = WTA = 0.50 (ii) 50 percent mechanized process

2 _IB. YLDCH = 0.30 (i) 30 percent increase in yields

WTL = WTA = 0.50 (ii) 50 percent mechanized process

3 IC. YLDCH = 0.50 (i) 50 percent increase in yields

WTL = WTA = 0.50 (ii) 50 percent mechanized process

4 IIA. YLDCH = O (i) Base yield levels

WTL = WTA = 0.25 (ii) 25 percent mechanized process

5 118. YLDCH = 0 (i) Base yield levels .

WTL = WTA = 0.50 (ii) 50 percent mechanized process

6 IIC. YLDCH = 0 (i) Base yield levels

WTL = WTA = 0.75 (ii) 75 percent mechanized process
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Simulated Model Results
 

This section presents the simulated impacts of alternative

varietal and mechanical technologies on: a) Land use and cropping

patterns; b) Production; c) Employment and input utilization, and d)

Income and factor productivities. The results are for the year of

1980 with anintertemporal comparison with 1970. Thus, the focus is

on the results for the eleventh year of each run with comparison with

the base year. All the performance variables are given by farm size

group and for the regional total. Each farm size group is to be inter-

preted as an aggregate of farms in that group. Net farm income in

small farms, for example, means the aggregate income for all farms

in the group. The results are not in a per farm basis; they are for

the aggregate of farms in each group. To find average figures per

farm the result has to be divided by the number of farms in the re-

spective group. The results for varietal technology alternatives are

presented first. They are followed by the results concerning mecha-

nization.

The Impacts of Varietal Technology

The results presented here refer to alternatives IA, 18, and

IC described in Table VI.l. Alternative IA refers to base yield lev-

els, alternative 18 assumes a“30 percent increase in yields, and al-

ternative IC assumes a 50 percent increase in yields. All three al-

ternatives assume a 50 percent level of process combination, which

means that traditional and modern processes were combined in a 50

percent basis.
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Land Use and Cropping Patterns:

The optimal solution for land allocation by size and crops is

given by the linear programming model of the resource allocation com~

ponent. The simulated impacts of alternative yield assumptions on

crop and pasture areas, as given by the optimal solutions, are shown

in Table V1.2.

Under alternative IA, i.e., base yields, the area cultivated

with rice increases by about 72.5 percent over that of the base year

for both farm size groups and for the region. The introduction of -

higher yield varieties would have no impact on area cultivated with

rice, since the increases over the base year for alternatives IB and

IC are the same as for alternative IA.

Corn area decreases by 14.6 percent in small farms, 40.0 per-

cent in large farms, and 21.2 percent in the total, under alternative

IA. The increase in yields would have impact on the area cultivated

with corn in small farms and in the region, but not in large farms.

Under alternative 18 the corn area in small farms shows a loWer de-

crease in relation to alternative IA, while under alternative IC it

shows an increase of 8.6 percent over that of the base year. In ab-

solute terms corn area in small farms would increase from 1,137 to

1,194 thousand hectares with a 30 percent increase in yield, and from

1,137 to 1,446 thousand hectares with a 50 percent increase in yield.

This means yield impacts of 5.0 percent and 27.2 percent, respectively.

For large farms no change is observed.

Model results indicate that yield increases would have signi-

ficant impacts on wheat area in large farms and in the total. Under



143

 

 

 

 

        

Table V1.2: Optimal Land Use and Cropping Patterns for 1980 Under

Different Yield Alternatives and a 50 Percent Mechani-

zation Level.

*Base AlternatTVe YieldCAssumptions

Year Alternative TA_ “Alternative 18 Alternative IC

(1970) AFea 574 Area T_T§A ’Area 135

Rice -S 135 233 72.6 233 72.6 233 72.6

L 315 543 72.4 543 72.4 543 72.4

T 450 776 72.4 776 72.4 776 72.4

Corn -5 1332 1137 -14.6 1194 -10.4 1446 8.6

L 467 280 .-40.0 280 -40.0 280 -40.0

T 1799 1417 ’-21.2 1474 -l8.1 1726 - 4.1

Wheat -S 279 1274 356.6 1274 356.6 1276 357.3

L 722 388 -46.3 964 33.5 963 33.4

T 1001 1662 66.0 2238 123.6 2239 123.7

Soybeans-S 304_ 2025 566.1 2025 566.1 2024 565.8

L 274 274 -26.7 538 :43.8 567 51.6

T 678 2299 239.1 2563 278.0 2591 282.1

Cult. -5 159 ‘ 1219 '666.7 1162 630.8 910 472.3

Pasture L . 387 _ 232 -40.0 232 -40.0 232 -40.0

T ' 546 1451 165.7 1394 155.3 1142 1 109.1

Natural -S{ 3806 1890 450.3 1890 ‘ -50.2 1890 -50.3 I

Pasture L‘ 9927 9551 - 3.8 8712 -12.2 8683 1 -12.5

T 13733 11441 -16.7 10602 -22.8 10573 -23.0

Note: 1) S = Small Farms; L = Large Farms; T = Regional Total

2) Area in 1,000 hectares

3) %A means percent change from respective base year (1970)

values.



144

all alternatives, the area in small farms shows an increase of about

357 percent from the base year level. Thus no change is observed with

increase in yield. Under alternative IA, the area of wheat in large

farms decreases by 46.3 percent in relation to the base year. However,

going from alternative IA to 18 or 10 would cause an increase of about

33.5 percent. The aggregate area cultivated with wheat increases by

66.0, 123.6, and 123.7 percent under alternative IA, 18, and IC, re-

spectively.

The changes for soybeans are similar to those for whaet. There

is a substantial increase of about 566 percent for small farms under

all three alternatives during the period. For large farms, alternative

1A shows a decrease of 26.7 percent, while alternative 18 and 1C show

an increase of 43.8 and 51.6 percent, respectively. For the region,

soybean area would increase from 2,299 thousand hectares under alter-

native IA, to 2,563 thousand hectares under alternative 18, and to

2,591 thousand hectares under alternative IC.

The increase in crop yields would cause the shift of land from

pasture to crops as indicated by the percentage growth rates during

the period. Cultivated pasture decreases in small farms and in the

region under alternatives IB and 1C in relation to alternative IA.

Under the same conditions natural pasture decreases for large farms

and for the region. For all alternatives absolute decrease in the

area with natural pasture occurs indicating the tendency for crops and

intensive livestock production to substitute for natural pasture.

1n sunmary, model results indicate that the introduction of

technological change in the form of high-yielding crop varieties would
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have some impacts on cropping patterns for the region and in each farm

size group. Wheat and soybean would experience large increases in

large farms, while no change would be observed in small farms. Corn

would increase in small farms. Increases in crop areas appears to come

mainly from natural pasture areas.

Production:
 

Changes in the quantity produced are caused by changes in

yield rates and land allocation. The optimal production levels sim-

ulated by the model for 1970 and 1980 under different yield alter-

natives are shown in Table V1.3. The data show the combined effect

of yield increase and changes in land allocation. Clearly, in the

case of rice differences in production are caused by yield increases

only since there was no change on land allocation (Table V1.2). Rice

production increases under all alternatives in about the same propor-

tions as the respective increases in yield.

Corn production decreases for both farm size groups and for

the region under alternatives 1A and 18. Under alternative 10, it

increases for small farms. Changes in corn production reflect changes

in area observed for this crop. For the region, yield increase under

alternative IC more than offsets the decrease in area cultivated, giv-

ing an increase in production of about 11 percent during the period.

Wheat and soybean production follow the same pattern observed

for cultivated area. Production decreases for large farms under alter-

native IA, but increases in all other situations. Increases in pro-

duction under alternative 18 and IC are due in part to yield increases
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but are due mainly to changes in cropping patterns which bring more

land into wheat and soybean production.

Beef production in small farms changes from 237 thousand tons

in 1970 to 310 thousand tons in 1980, under alternative IA, represent-

ing an increase of 30.7 percent during the period. When crop yields

are higher, the growth rate dr0ps to 26.6 percent and 8.7 percent for

alternatives IB and IC, respectively. For large farms, beef produc-

tion decreases under all situations. For the region, beef production

under alternative 1A varies from 848 thousand tons in 1970 to 877

thousand tons in 1980. Clearly, under the conditions of the model,

technological change in the form of high yield varieties would raise

the profitability of crops relative to beef thus causing substitution

of crops for beef in production.

Employment and Input Utilization:
 

The generation of employment is a major concern of development

policy formulation in developing countries. When the industrial sec-V

tor has a limited capability of expansion to absorb unemployed labor,

the creation of employment is dependent on the possibilities of expan-

sion in the agricultural sector. Labor use and the rate of employment

growth is directly related to the form of technological change that

takes place. A priori technological change in the form of biological

innovations is supposed to have a positive impact on employment due

to increases in production which require more labor.

The trends in employment and input utilization are basically

guided by the changes in the cropping patterns described above. The

yearly demand for inputs shows an increasing trend under all
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Table V1.3: Optimal Production Levels for 1970 and 1980 Under

Different Yield Alternatives and a 50 Percent

Mechanization Level

Alternative’Yield’Assumptions

Alternative IA AlternatiVe 18 [ Alternative IC

1970 1980' 71970 71980 ‘1970 1980

Rice -S 469 809 494 1018 510 1177

L 1149 1981 1210 2494 1250 2884

T 1618 2790 1704 3512 1760 4061

Corn -5 1907 1694 1941 1928 1963 2472

L 669 416 680 452 688 478

T 2576 2110 2621 2380 2651 2950

Wheat -S 298 1377 313 1704 322 1955

L 810 440 850 1352 877 1550

T 1108 1817 1163 3056 1199 3505

Soybeans-S 373 2651 394 3332 407 3847

L 462 343 487 892 504 1073

T 835 2994 881 4224 911 4920

Beef -5 237 310 237 300 237 258

L 611 567 611 526 611 518

T 848 877 848 826 848 776

Note: 1) S = Small Farms; L = Large Farms; T = Regional Total

2) Production in 1,000 tons.
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alternatives (Table V1.4) that directly reflect area and production

increases. 1 b

The total labor employment in the region under alternative

IA increases by 25.1 percent or at the rate of about 2.5 percent

per year during the period. With the introduction of tehcnological

change, labor employment would raise by 38.7 percent and 40.3 percent

under alternatives 18 and 10, respectively. The net impact of yield

increase on employment can be measured by comparing the three alter-

natives. Going from alternative IA to 18, total labor employment

increases from 2,039 million hours to 2;26O million hours, correspond-

ing to 10.8 percent increase. Similarly, there is a 12.1 percent net

increase for alternative 1C relative to alternative IA. Thus, the

marginalimpact of alternative IC over 18 is fairly small compared to

the marginal impact of alternative 18 over 1A. In respect to farm

size groups, employment on small farms increases by about 90.0 per-

cent during the period under all three alternatives. Thus, no major

yield impact on employment would be observed. For large farms, em-

ployment decreases during the period for all alternatives, showing the

tendency of larger farms to adjust to technological choices based on

labor-saving modern farm power. However, when the three alternatives

are compared, there is evidence that yield increases would have a'

greater impact on employment in large farms. The impact of alterna-

tive 18 over 1A is of the order of 43.5 perCent. For alternative 1C

over IA it is 44.8 percent. Thus, some scope for expanding employment

exists, especially on large farms, through technological change based

on high-yielding crop varieties.



149

 

 

 

 

       

Table V1.4: Optimal Input Use for 1980 Under Different Yield

- Alternatives and a 50 percent Mechanization Level

Base Alternative—Yield Assumptions -‘_

Input Year Alternative 1A Alternative 18 Alternative IC

(1970); Amount %A Amount %6 Amount %6

Labor -S 812156 1543252 .90.0 1547658 90.6 1587083 93.0

L 817381 496139 -39.3 712184 -12.9 718355 -12.1

T r629537 2039391 25.1' 2259842 38.7 2285438 40.3

Tractor -S 3872 15255 294.0 15268 294.3 15328 295.9

L 3644 4368 19.9 6432 76.3 ' 6472 77.6

T 7426 19623 164.3 21691 192.1 21800 193.6

Draft -5 118143 202492 71.4 204300 72.9 212272 79.7

Animal' L 106209 62567 -4l.l 94523 -ll.0 95432 -lO.1

1T 224352 265059 18.1 298823 33.2 307704 37.1

Fertilizer S 126315 274701 117. 5 278399 120.4 294736 133. 3

L 93769 74415 -20.6 116038 27.7 116038 27.7

1 220084 349116 58.6 394437 79.2 410774 86.6

 

Note: 1) s”: Small farms; L = Large farms; 1 = Regional total

2) %A means percent change from respective base year (1970)

values.

3) Labor in 1,000 hours; Tractor in 1,000 hours; Draft animal

in 1,000; Fertilizer in tons.
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Model results indicate large increases in the projected amount

of tractor hours used. Under alternative IA, the regional total would

increase by 2.6 times, compared to a 2.9 times for alternatives IB and

IC. For small farms, the results show a 3.9 fold increase over the

period for all alternatives. For large farms, the increases would be

only of the order of 1.2 times, under alternative 1A, and 1.8 times

under alternatives IB and 1C. The impact of yield increase on tractor

use is much higher for large farms than for small farms. For the re-

gion, alternative 18 would employ 10.5 percent more tractor services

than alternative 1A, and alternative 1C would employ 11.1 percent more

than alternative IA. I

The projected use of draft animal services shows an increase

of 18.1 percent for the region under alternative IA, 33.2 percent un-

der alternative 18, and 37.1 percent under alternative IC. For the

regional total the impact of yield increase indicates a 12.7 percent

increase for alternative 18 and 16.1 percent increase for alternative

IC. In respect to farm size groups, the results show increasing use

on small farms and decreasing use on large farms during the period for

all alternatives.

Under alternative IA, the model projects an increase in the

demand for fertilizer in the region of 58.6 percent over that of the

base year. This increase is the result of a 117.5 percent increase

in the demand by small farms and a decrease of 20.6 percent in the

demand by large farms. The impacts of yield increase can be seen by

comparing the projected results for the three alternatives. This com-

parison shows for example, that under alternative 18 the demand for
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fertilizer in the region is 13.0 percent higher than alternative IA,

(and that under alternative IC the demand is 17.7 percent higher than

alternative IA.

In conclusion, the model projections of employment and input

demand show substantial increases during the period considered and

significant differences among the alternatives mainly due to changes

in the patterns of land use. In general, small farms use from 50 to

70 percent of the total amount of each input due to a more intensive

use of land in this group. Yield increases of 50 percent (alternative

10) Show only marginal differences in respect to yield increases of

30 percent (alternative 18).

Income and Factor Productivities:

The net returns to fixed factors and factor productivities

projected for 1980 under the three alternatives considered are shown

in Table V1.5. Net farm income or net returns is defined as gross

revenue minus variable costs. It is given by the optimum value of the

objective function of the linear programming model. Land productivity

is net return per hectare of total utilized land which includes crop

land and pasture land. Labor productivity is defined as net returns

per hour of total labor employed.

Concerning net returns by farm size, an observation should be

made in reference to optimization of the objective function and the

disaggregation procedure used. The definition of net returns to each

group separately is not indicative of individual optimization. The

model maximizes the aggregate objective function which is the sum of

the individual objective functions. However, maximization of the
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Table V1.5: Net Farm Income and Factor Productivities for 1980

‘ Under Different Yield Alternatives and a 50 Percent

Mechanization Level.

 

 

 

 

 

Base Alternative Yield‘AESumptions

Item Year Alternative IA 'Alternative 18 Alternative IC

(1970) T— Value VElue ‘TTiK Value 1753—

Income S 455365 4662092 5404314 15.9 5941825 27.5

L 31747] 2048463 2596690 26.8 2935995 43.3

T 772842 6710555 8001004 19.2 8877820 32.3

Land S 75.71 599.38 694.80 15.9 793.90 27.5

Productivity L 26.04 181.80 230.46 26.8 260.57 43.3

T 42.45 352.34 420.09 19.2 466.13 32.3

Labor S 0.56 3.02 3.49 15.6 4.79 25.5

Productivity L 0.3 4.13 3.65 -11.6 4.09 - 1.0

T 0.4 3.29 3.54 7.6 3.88 17.9      
Note: 1) S = Small farms; L = Large farms; T = Regional total

2) %A means percent change from respective values of Alter-

native IA.

3) Income in 1,000 Cruzeiros; Land Productivity in Cruzeiros

per hectare; Labor Productivity in Cruzeiros per hour.
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regional objective function does not necessarily imply maximization of

each one separately. The separation of net returns by size group is

based on the optimal values of the activities obtained after the re-

gional objective function is maximized.

Table V1.5 includes the values for the base year and for 1980

under each alternative. Given the price relationships assumed in the

model, net regional farm income increases by 8.7 times during the

period, under alternative IA. Under the same alternative, it increases

by 10.2 times for small farms and by 6.5 times for large farms. Basi-

cally, the higher rate of growth for small farms is due to intensifi-

cation hithe use of land and faster expansion of crop land in this

group during this period.

According to model results, the introduction of high yield

varieties would have significant impacts on net regional income. Un-

der alternative 18 net returns would be 15.9, 26.8, and 19.2 percent

higher for small farms, large farms, and for the region, respectively.

For alternative IC, net returns would be about 1.7 times higher than

alternative 18. Large farms would experience a higher increase in net

returns than small farms.

Average net land productivity measured as the ratio of total

net returns to total land use is a decreasing function of farm size

in all cases. Under model conditions, land productivity in alternative

IA increases by 8.0 times in small farms, 7.0 times in large farms and

8.3 times for the region from the base year values. The differential

impacts Of yield increase on land productivity are higher for large

farms due to the faster rate of transition to crop farming on larger
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farms and their increased use of commercial inputs under alternatives

IB and IC.

Labor productivity measured as the ratio of net returns to

total labor employed is higher in large farms than in small farms.

Comparing alternatives 1A, 18, and IC the introduction of varietal

technology can be seen to have different impacts on labor productiv-

ity according to farm size. For small farms, average labor productiv:

ity would be 15.6 percent higher under alternative 18 compared to al-

ternative IA. Similarly, alternative 1C would show a 25.5 percent in-

crease in labor productivity compared to alternative IA. For large

farms, labor productivity decreases by 11.6 percent and 1.0 percent

for alternatives 18 and IC, respectively, in regard to alternative IA.

This result is due to an increase in labor employment which is more

than proportional to the increase in net returns in large farms.

To summarize, model results show that net farm income and

factor productivities would be enhanced with increases in crop yields.

Large farms would tend to experience greater impacts relative to small

farms.

The Impacts of Mechanical Technology
 

This section presents the results for alternatives IIA, 118,

and 110 described in Table VI.l. The objective is to show the impacts

of changing labor, draft animal, and tractor requirements for produc-

tion activities such that the effects of an increased level of mecha-

nization on production and resource allocation can be analyzed. As

described earlier, each alternative refers to a certain combination

of traditional and modern production processes. In alternative IIA
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the resulting process is a combination of 0.25 modern and 0.75 tradi-

tional; for alternative 118 the combination is in a 50 percent basis

and alternative IIC has a 0.25 proportion of traditional and 0.75 of

modern. All three alternatives are analyzed maintaining yields at

base levels, i.e., the yield levels determined by the original ferti-

lizer response functions.

Land Use and Cropping Patterns:
 

Model results for crop and pasture areas under the different

mechanization alternatives are shown in Table V1.6. Rice area in-

creases by 72.6, 14.3, and 31.8 percent during the period for small

farms, large farms, and the region, respectively, under alternative

IIA. With a higher level of mechanization (alternative 118 or 11C),

rice area would remain the same in small farms, increase by 51 per-

cent in large farms, and increase by 31 percent in the region, rela-

tive to alternative IIA.

Area cultivated with corn would decrease by approximately the

same proportions under all three alternatives for both farm size groups

and the region. Thus, under model conditions of prices and behavioral

constraints, no major effect would be observed on corn area with

changes in the pattern of mechanization.

Area of wheat, under alternative IIA, would increase by 410

percent in small farms, decrease by 65 percent in large farms, and in-

crease by 67 percent in the region over that of the base year. If al-

ternative 118 is introduced, the increase in area on small farms would

fall to 357 percent, and the decrease on large farms would be46 per-

cent. Under alternative 11C, the area on small farms remains the same
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Table V1.6: Optimal Land Use and Cropping Patterns for 1980 Under

' Different Mechanization Alternatives and Base Yield

Levels.

Crops iZEETV AitériatiiEiix"iiteiaiiiii‘xiflr~1113rnatioesxxc

(1970) 'Area "'TZZT*" Area""':%ZT‘ ' Area ‘ ‘TAEETTT

Rice -S 135 233 72.6 233 72.6 233 72.6,

L 315 360 14.3 543 72.4 543 72.4

T 450 593 31.8 776 72.4 776 72.4

Corn -5 1332 1110 -16.7 1137 -14.6 1137 -14.6

L 467 280 -4o.o 280 -4o.o 280 -4o.o

T 1799 1390 -22.7 1417 -21.2 1417 -21.2

Wheat -S 279 1423 410.0 1274 356.6 1274 356.6

L 722 1252 -65.1 388 -46.3 1260 74.5

T 1001 1675 67.3 1662 66.0 2534 153.1

Soybeans-S 304 1923 532.6 2025 566.1 2025 566.1

L 374 170 -54.5 274 -26.7 722 93.1

T 678 2093 208.7 2299 239.1 2747 305.2

Cu1t. -S 159 655 311.9 1219 666.7 1219 666.7

Pasture L 387 232 -40.1 232 -40.1 232 -40.1

T 546 887 .62.4’ 1451 165.7 1451 165.7

Natura1 -S 3806 2434 -36.1 1890 -50.3 1890 -50.3

Pasture L 9927 9974 0.5 9551 - 3.8 8231 -17.1

T 13733 12408 - 9.6 11441 -16.7 10121 ’26.3

Note: 1) S = Small farms; L = Large farms; T = Regional total

2) Area in 1,000 hectares.

3) %A means percent change from respective base year (1970)

values.
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as in 118, but would increase on large farms by 74.5 percent and in

the region by 153 percent over the base year values. Thus, higher

levels of mechanization tend to increase the area of wheat, with large

farms experiencing larger proportion of the increases.

Projected area of soybeans follow basically the same pattern

as that of wheat. For the aggregate it is 9.8 percent higher under

alternative 118 than IIA, and 31.3 percent higher for alternative 110

relative to IIA. These increases would result from 5.3 and 61.2 per-

cent increase in the area in small and large farms, respectively, un-

der alternative 118 relative to IIA, and 5.3 and 324.7 percent under

alternative IIC relative to 11A. Similar to wheat, the major propor-

tion of the increases in soybeans goes to large farms.

Increased levels of mechanization would raise the area of cul-

tivated area of wheat and soybeans reflect the decreases in the area

with natural pasture. 1n the aggregate the area decreases by 9.6 per-

cent under alternative IIA, 16.7 percent under alternative 118, and

26.3 percent under alternative IIC from that of the base year.

Production:
 

Quantity produced of the various products projected by the

model is shown in Table V1.7. Production impacts for the different

mechanization alternatives result from changes in land use and crop-

ping patterns determined by the optimal allocation of land among dif-

ferent farm activities. Rice production in the region is projected

as 31.2, 72.5 and 72.5 percent higher than the base year, under
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Table V1.7: Optimal Production Levels for 1980 Under Different

Mechanization Alternatives and Base Yield Levels.

Base A, ATternative—Mechanization Assumptions

Products Year Alternative IIA Alternative IIB AlternativEIIC

(1970) Quantity %A Quantity %A Quantity %6

Rica, -5 468906 808644 72.5 808644 72.5 808644 72.5

L 1148820 1314349 14.4 1981176 72.5 1981176 72.5

T 1617726 2122993 31.2 2789820 72.5 2789820 72.5

Corn -5 1906840 1653443 -13.3 1693528 -11.2 1693528 -11.2

L 668632 416595 -37.7 416595 -37.7 416595 -37.7

T 2575472 2070038 -l9.6 2110123 -lB.l 2110123 -18.l

Wheat -S 298022 1536978 415.7 1376617 361.9 1376617 361.9

L 810452 285632 -64.8 439900 -45.7 1428928 76.3

T 1109474 1822610 64.4 1816517 63.9 2805545 153.1

Soybeans-S 373306 2486421 566.1 2651179 610.2 2651179 610.2

L 461632 207154 -55.1 342584 -25.8 955850 107.1

T 834938 2693575 222.6 2993763 258.6 3607029 332.0

Beef -5 237305 242998 2.4 310123 30.7 310123 30.7

L 610711 590377 - 3.3 567091 - 7.1 494445 -19.0

T 848016 833375 - 1.7 877214 3.4 804568 - 5.1

Note: 1) S = Small farms; L = Large farms; T = Regional total

2) Quantity in tons.

3) %A means percent change from respective base year (1970)

values.
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alternatives IIA, 118, and 11C, respectively. Corn production would

decrease for both sizes and the region by about the same proportions

under all alternatives. '

According to model results quantities produced of wheat and

soybeans are projected to increase significantly. This increase is

due to large amounts of land being transferred into production of

these two crops. For wheat, increasing the level of mechanization

causes a decrease of production in small farms and very significant

increases in large farms. For soybeans, production increases in both

sizes for higher levels of mechanization.

Beefproduction on large farms would be greatly affected by

increased mechanization. It would decrease by 7.1 and 19.0 percent

under alternatives 118 and 11C, respectively, compared to a decrease

of only 3.3 percent under alternative IIA. 0n small farms it would

be 27.6 percent higher for alternative 118 or 110 than for alternative

IIA.

Basically, according to model projections, increased mechani-

zation would tend to shift resources away from corn and beef produc-

tion in favor of rice and mostly wheat and soybeans.

Employment and Input Utilization:

Resource demands necessary to meet production levels under the

various alternatives are shown in Table V1.8. The total amount that

given input is used is a function of total amounts of land to which

the input is applied and the unit requirements of the input per unit

of land. Table V1.8 gives the demands for the inputs under conditions

of changing unit requirements per hectare. For a given alternative,
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Table V1.8: Optimal Input Use for 1970 and 1980 Under Different

Mechanization Alternatives and Base Yield Levels.

- AlternativeTMechanization Assumptions

Input Alternative IIA Alterna ive 118 Alternative 11C

71970’ 1980 1970 71980 1970 1980

Labor -S 862954 1980722 812156 1543252 761358 934166

L 869546 518095 817381 496139 765215 511610-

T 1732500 2498817 1629537 2039391 1526573 1445776

Tractor —S 3151 7222 3782 15255 4412 22481

L 3037 1746 3644 4368 4252 11174

T 6188 8968 7426 19623 8664 33655

Draft -S 126582 278711 118143 202492 109704 115710

Animal L 113795 65543 106209 62567 98622 64398

T 240377 344254 224352 265059 208326 180108

Fertilizer 5 126315 262131 126315 274701 126315 274701

L 93769 57774 93769 74415 93769 138291)

T 220084 319905 220084 349116 220084 412992      
 

Note: 1) S = Small farms; L = Large farms; T = Regional total

2) Labor in 1,000 hours; Tractor in 1,000 hours; Draft Animal

in 1,000 hours; Fertilizer in tons.
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the input-output coefficients of labor, tractor, and draft animal

change over time in such a way as to increase the level of mechaniza-

tion through substitution of tractor services for labor and draft ani-

mal services. The initial mechanization level at the beginning of the

period increases from alternative IIA to IIC.

Labor employment grows at the rates of 13.0 and 4.4 percent

per year for small farms and the region, respectively, under alterna-

tive IIA. For large farms employment would decrease at the annual

rate of 4.0 percent, under the same alternative. Under alternative

118, employment would grow at the annual rates of 9.0, -3.9, and 2.5

percent for small farms, large farms, and the region, respectively.

If alternative IIC is introduced, employment would increase by only

2.3 percent on small farms, it would still decrease by 3.3 percent

on large farms, and decrease by 0.5 percent in the region. Thus, the

rate of growth of employment decreases from alternative IIA to 116 for

small farms, increases slowly for large farms, and decreases for the

region. This indicates that the substitution effects of tractor for

labor on small farms are greater than on large farms and would come

about at a faster rate.

Under alternative IIA, tractor use on small farms would in-

crease at the annual rate of 13.0 percent, while on large farms it

would decrease by 4.3 percent per year. In the aggregate it would

increase by 44.9 percent or at the rate of 4.5 percent over that of

the base year. Under the other alternatives these rates increase

considerably. For small farms the average annual rates of growth

would be 30.3 and 41.0 percent for alternative 118 and 110,



162

respectively. For large farms they would be positive 2.0 and 16.3

percent, and for the region 16.4 and 28.8 percent for alternative 118

and 11C, respectively.

Draft animal use presents a similar picture as that of labor.

As we move from alternative IIA to 11C, the average growth rate of

use decreases for small farms, increases for large farms and decreases

for the region. Under alternative IIA draft animal use would increase

at the rate of 12.0 percent on small farms, decrease by 4.2 percent

per year on large farms, and increase by 4.3 percent in the region.

On the other hand, under alternative IIC, draft animal use would

increase on small farms by only 0.5 percent per year, it would de-

crease by 3.5 percent instead of 4.5 percent on large farms, and

would decrease by 1.4 percent per year in the region.

The regional demand for fertilizer increases by 45.4, 58.6,

and 87.6 percent over that of the base year for alternatives IIA, 118,

and 11C, respectively. The demand under alternative 118 is 9.1 per-

cent higher than that of alternative IIA for 1980. Likewise, the

demand under alternative IIC is 29.1 percent higher than that of al-

ternative IIA, at the end of the projection period. Thus, model re-

sults indicate that the demand for fertilizer would increase with in-

troduction of higher levels of mechanization.

Income and Factor Productivities:
 

The introduction of technological change in the form of mech-

anical technology has some potential for increasing net returns to

fixed factors in farming through more efficient combination of re-

sources (Table V1.9). Net regional farm income would be 14.7 percent
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Table V1.9: Net Farm Income and Factor Productivities for 1980 Under

Different Mechanization Alternatives and Base Yield

 

 

 

 

Levels.

Alternative’Mechanization Assumptions

Item lternativeIUl Alternative 118 Alternative IIC

value Value %A Value %A

Income -S 4325008 4662092 7.8 4595719 6.3

L 1525467 2048463 34.3 3131011 105.3

1 5850467 6710555 14.7 7726730 32.1

Land -S 556.04 599.38 7.8 590.84 6.3

Productivity L 135.39 181.80 34.3 277.88 105.3

T 307.18 352.34 14.7 405.69 32.1

Labor S 2.18 3.02 38.5 4.92 125.7

Productivity L 2.94 4.13 40.5 6.12 108.2

T 2.34 3.29 40.1 5.34 128.2      
Note: 1) S = Small farms; L = Large farms; T = Regional total

2) %A means percent change from respective values of Alter-

native IIA.

3) Income in 1,000 Cruzeiros; Land Productivity in Cruzeiros

per hectare; Labor Productivity in Cruzeiros per hour.
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higher under alternative 118 and 32.1 percent higher under alternative

IIC, relative to alternative IIA. Large farms would take a larger

proportion of the increase in net regional farm income. Net returns

of large farms would increase by 34.3 and 105.3 percent with alterna-

tives 118 and 110, respectively, relative to alternative IIA. For

small farms the increases would be only of the order of 7.8 and 6.3

percent.

Land productivity changes in exactly the same proportions as

net returns, indicating that total utilized area increases more pro-

portionally than net returns. Net returns per hectare are higher for

small farms, even though the gap decreases from lower to higher levels

of mechanization. It is 4.1, 3.3, and 2.1 times higher in small farms

than in large farms, for alternatives IIA, 118 and 11C, respectively.

The index of labor productivity is about 1.3 times higher for

large farms than small farms under all situations. The aggregate in-

dex for the region increases from Cr$2.34 per hour under alternative

11A to Cr$3.29 per hour under alternative 118 and to Cr$5.34 per hour

under alternative IIC. This corresponds to a 40.1 percent increase

from alternative IIA to 118, and,a 128.2 percent increase from alter-

native IIA to 11C.

Model Evaluation
 

The main purpose of this section is to present an evaluation of

the model. This is done by two procedures. The first procedure eval-

uates the extent to which model results would change if prices were

maintained constant at initial nominal values instead of using prices

projected by the expectation models. The objective is to test if price
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changes would have any significant effect in determining model results.

If price changes affect the results, the impacts of technology cannot

be distinguished from the effects of price. The second procedure eval-

uates the ability of the model to track events over a given historical

period. This is done by comparing the estimated model results on area

and production with observed data for the period 1970-76. The purpose

is to test the "goodness of fit" of the model, i.e., to evaluate how

the model "explains" actual data.

Area and production of the four field crops are shown in Table

V1.10 for two sets of price assumptions. Under constant prices, the

commodity prices are maintained constant at initial nominal values.

The results under varying prices are the same as those presented ear-

lier in this chapter with prices projected on the basis of the expec-

tation models. Table V1.10 presents the results for Alternative IA.

The other alternatives are not shown because the results presented

basically the same pattern under all alternatives.

Crop area is about the same for both price assumptions. The

only differences observed are for wheat from 1976 to 1980 and for

soybeans from 1978 to 1980. This shows that resource allocation

is rather stable in respect to the price assumption. Thus, the price

changes introduced by the expectation models had no effect on deter-

mining model results. The impacts of technology analyzed earlier in

this chapter were not influenced by price changes.

Production levels with constant prices are different from those

with varying prices in all cases. The reason for this is that changes

in prices affect the fertilizer application rate which in turn affects



T
a
b
l
e

V
1
.
1
0
:

O
p
t
i
m
a
l

A
r
e
a

a
n
d

P
r
o
d
u
c
t
i
o
n

L
e
v
e
l
s

U
n
d
e
r

T
w
o

S
e
t
s

o
f

P
r
i
c
e

A
s
s
u
m
p
t
i
o
n
s
,

A
l
t
e
r
n
a
t
i
v
e

I
A
,

1
9
7
0
-
1
9
8
0
.

 

T
fi
R
i
c
e

C
o
r
n

W
h
e
a
t

S
o
y
b
e
a
n
s

Y
e
a
r

C
o
n
s
t
a
n
t

v
a
r
y
i
n
g

C
o
n
s
t
a
n
t

V
a
r
y
i
n
g

C
o
n
s
t
a
n
t

V
a
r
y
i
n
g

C
o
n
s
t
a
n
t

V
a
r
y
i
n
g

P
r
i
c
e
s

P
r
i
c
e
s

P
r
i
c
e
s

P
r
i
c
e
s

P
r
i
c
e
s

P
r
i
c
e
s

P
r
i
c
e
s

P
r
i
c
e
s

 

A
r
e
a

(
1
,
0
0
0

h
e
c
t
a
r
e
s
)
:

1
9
7
0

1
9
7
2

1
9
7
4

1
9
7
6

1
9
7
8

1
9
8
0

1
9
7
0

1
9
7
2

1
9
7
4

1
9
7
6

1
9
7
8

1
9
8
0

4
5
0

5
1
6

5
7
9

6
3
8

7
0
3

7
7
6

4
5
0

5
1
6

5
7
9

6
3
8

7
0
3

7
7
6

1
7
9
9

1
8
9
0

1
9
2
7

1
7
3
9

1
5
7
0

1
4
1
7

P
r
o
d
u
c
t
i
o
n

(
1
,
0
0
0

t
o
n
s
)
:

1
6
1
8

1
8
5
2

2
0
7
5

2
2
8
6

2
5
2
0

2
7
7
7

1
6
1
8

1
8
5
4

2
0
7
9

2
2
9
3

2
5
3
0

2
7
9
0

2
5
7
5

2
6
9
8

2
7
4
7

2
4
7
7

2
2
3
5

2
0
1
7

1
7
9
9

1
8
9
0

1
9
2
7

1
7
3
9

1
5
7
0

1
4
1
7

2
5
7
5

2
7
3
3

2
8
2
0

2
5
6
6

2
3
2
9

2
1
1
0

1
0
0
1

9
7
1

1
0
0
9

1
3
9
8

1
9
3
6

2
6
8
3

1
1
0
8

1
0
6
9

1
1
0
3

1
5
2
9

2
1
1
8

2
9
3
4

1
0
0
1

9
7
1

1
0
0
9

1
1
2
5

1
3
8
0

1
6
6
2

1
1
0
8

1
0
7
2

1
1
1
0

1
2
3
3

1
5
0
8

1
8
1
6

6
7
8

7
5
0

9
0
2

1
1
6
6

1
5
8
5

2
0
4
1

8
3
5

9
3
9

1
1
3
7

1
4
7
3

2
0
0
7

2
6
1
5

6
7
8

7
5
0

9
0
2

1
1
6
6

1
6
1
3

2
2
9
9

8
3
5

9
4
8

1
1
5
4

1
4
9
9

2
0
7
5

2
9
9
4

 

166



167

yields. With different yields production levels change. Price changes

affect the allocation of fertilizer becaese it is determined as a di-

rect function of prices. The allocation of other variable resources

should not be affected since it is determined as a function of the in-

put requirements per unit of land.

Model performance can be evaluated in several ways. Probably

the most common procedure is the comparison of estimated model results

with historical data observed during a certain period. This procedure

shows the ability of the model to track actual data. It is used here

with data on area and production for the period 1970-1976.

Actual and estimated data on area and production are presented

in Table V1.11. The tracking ability of the model is summarized by

the Average Proportional Error (APE). The APE is calculated as fol-

lows:

APE = -:-.- g Elf-At

t=l t

where

APE = average proportional error

Et = the estimated value at time t

At = the actual value at time t

n number of years in the series

Analysis of the APE provides a rough indication of the accuracy

of the model results. It gives the percentage of error of the model

in estimating actual data.

In general, model tracking as shown in Table V1.11 is not very

satisfactory. The model overestimates area and production of rice and

corn. For wheat and soybeans model results are lower than the actual
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Table V1.11: Actual and Estimated Area and

Production Levels, 1970-1976.

*Rice Corn Wheat ESQyBeans

Year Esti- Esti— Esti- Estis

Actual mated Actual mated Actual mated Actual mated

Area (1,000 hectares):

1970 431 450 1737 1799 1500 1001 871 678

1971 412 482 1722 1843 N.A. 987 1133 705

1972 434 516 1717 1890 N.A. 971 1460 750

1973 416 551 1507 1943 1373 981 2218 814

1974 436 579 1525 1927 1565 1009 2770 902

1975 470 608 1524 1831 1899 1188 3113 1018

1976 520 638 1580 1739 2016 1398 3296 1166

APE* 0.2251 0.1517 0.3309 0.5303

Production (1,000 tons):

1970 N.A. 1618 2387 2575 1500 1108 977 835

1971 N.A. 1732 2371 2633 N.A. 1080 1393 878

1972 N.A. 1852 2235 2698 N.A. 1069 2173 939

1973 1434 1977 2101 2770 1536 1077 2872 1023

1974 1550 2075 2236 2747 1690 1103 3870 . 1137

1975 1700 2178 2367 2609 1234 1299 4688 1285

1976 1850 2286 2443 2477 1814 1529 5107 1473

APE* 0.3086 p 0.1514 0.2234 0.5529

 

*APE = Average Proportional Error
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throughout the series. A positive feature of the model is its ability

to estimate the turning point in the area of wheat. This area decreas~

es from 1970 to 1973 and then increases thereafter.

The average proportional error indicates that the estimates

for corn are the most accurate, while the estimates for soybeans pre-

sented larger errors. The average error for corn is about 15 percent;

for soybeans the error is over 50 percent. Clearly, the most signifi-

cant projection problems of the model are related to soybeans. The

model is not able to estimate the rapid increases in soybean area and

soybean production observed during the past years.

There are basically two sources of errors of model estimates.

These are model specification and quality of the data used in the mod-

e1. Specification error could have occurred in various areas of model

development. The most critical area is the Specification of the 1inear

programming model of the resource a11ocation component. Improvements

of this model in terms of better specification of resource constraints

should increase model accuracy. The quality of the data used in the

model is also an important source of model error. The model uses var-

ious sources of data to estimate a number of parameters, rates of

change, and initial conditions. These estimates are crucial in deter-

mining model results. Improvements in the data base should contribute

a great deal to increase model performance.

In summary, the empirical resu1ts presented in Chapter VI show

that introduction of alternative technologies in the form of high-yield

varieties and mechanization would have impacts on production and re—

source a11ocation in the Southern Brazilian agriculture. In general,
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it would tend to change cropping patterns with significant shifts of

resources into wheat and soybean production. Varietal technology pre-

sents a great potential for increasing labor employment in the region.

Both types of technology have significant effects on increasing net

farm income. Large farms tend to experience higher increases in in-

come than small farms. This indicates that technological change would

tend to increase the income gap between the two groups. Model evalua-

tion show that the price changes introduced by the expectation models

had no effect on the resu1ts. Unfortunately, model performance eval-

uated in terms of its ability to track actual data was not satisfac-

tory. Improvements of mode1 specification and data base would enhance

model performance.



CHAPTER VII

SUMMARY AND CONCLUSIONS

The purpose of this chapter, which is divided into three parts,

is to present the summary and conclusions of the study. The first

part gives an overview of the study with focus on the problem, objec-

tives, and methodology. The second part presents the summary of I

findings, conclusions and implications for development and technology

policy. Finally, the third and last section presents some limitations

of the study and recommendations for further research.

Summary of Problem, Objectives and Methodology_
 

Basically, this study deals with the problem of how research

programs can be directed to affect technological change to increase

productivity of scarce resources and increase total production of major

commodities. Historically, the major source of output growth in the

agricultural sector of the region studied has been the expansion of

the frontier with incorporation of new land, labor and associated capi-

tal. Given the exhaustion of possibilities for further extensive expan-

sion of output, increases in production will have to rely more on pro-

ductivity growth in the agricultural sector.

The potential contribution of technological change to develop-

ment has been recognized for some time. Yet, it will remain as an

important economic problem to study its impacts and adjustment in the

171
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agricultural sector characterized by a complex structure of economic

variables and interrelationships among producers, consumers, and other

economic units. Technological change is, for the most part, generated

by research activities carried on by the public sector. The effects

of introducing new technologies can be characterized by impacts on the

cost structure or the product mix of individual firms, shifts in indus-

try demand curves for factors of production, shifts in product supply

curves, and impacts on the growth and distribution of total and per

capita income.

The primary objective of this study has been to examine the

potential impacts of technological change in production patterns,

employment and resource utilization, income and resource productivi-

ties for the agricultural sector of the state of Rio Grande do Sul,

Brazil. More specifically, the analysis is concerned with the impacts

of varietal and mechanical technologies. Varietal technology, in the

form of high-yield cr0p varieties with higher capacity to respond to

fertilizer application, is analyzed by means of a number of alternative

assumptions in respect to yield per hectare for annual crops.' Mecha-

nized technology is analyzed on the basis of the effects of changes in

labor, draft animal, and tractor input requirements for production ac-

tivities. High-yield varieties are supposed to facilitate substitution

of fertilizer for land, thus changing resource proportion and resulting

in substantial increases in output. {Tractor services are assumed to

substitute for labor and draft animal, permitting more efficient combi-

nation of factors and resulting in higher returns to farm resources.
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The instrument of analysis used to reach the objectives of the

study is a regional, dynamic, microeconomic model of farmers' decisions

with respect to resource allocation and production. The major objec-

tive of the model is to simulate the year-to-year allocation of land

and other farm and regional resources on the basis of their opportunity

cost in alternative uses and on the basis of relative enterprise prof-

itability. Furthermore, the model is used to simulate the impacts of

changes in structural parameters related to yield levels and response

to fertilizer, labor, draft animal and tractor input-output require-

ments, under the condition of prespecified product and input prices

relationships and initial conditions with respect to resource levels.

The model provides a time profile of optimal land use and cropping

patterns, production, farm income, and derived demand for farm inputs

for the region and by farm size groups.

The model isapplied to the whole area of the state of Rio

Grande do Sul in Brazil.‘ This state is one of the most important pro-

ducers of agricultural productsirithe South Region and also in the

country. Because of its mild and temperate climate, and adequate soil

conditions, its agriculture has been largely complementary to that of

the rest of Brazil. It has provided large proportions of the country's

production of rice, corn, and beef, and has been the most important

wheat and soybean producer in the country. Because of the wide distri-

bution of land in the state, the model includes disaggregation of farm

size in two groups: "Small Farms" including farms of size ranging from

0 to 100 hectares, and a group of "Large Farms“ of size greater than

100 hectares. The disaggregation by farm size serves to: a) capture
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distributional effects of technology change, b) analyze the inter-

dependence of different farm size groups competing for regional

resources, and c) partially account for aggregation bias.

The model developed in this study is composed of three major

components: yield component, resource allocation component, and pro-

duction and accounting component. The yield component is designed to

estimate crop yields based on yield-nutrient response functions. Yield

rates for crops are determined by means of quadratic production func-

tions estimated from experimental data on yield per hectare and nitro-

gen application.1 The fertilizer application rate is determined on the

basis of the equimarginal principle of equating the marginal value pro-

duct of the factor to the price of the factor. Yield rates are further

adjusted to account for the effects of mechanization and differences

in farm size.

The resource allocation component consists of a Recursive

Linear Programming model which allocates land and other farm resources

to alternative farm enterprises based on the opportunity cost principle

and on relative profitabilities.

In the production and accounting component, production levels

for crops and livestock activities are computed given land allocation

and yield projections. Other results such as resource requirements,

income, resource productivities and input ratios are also computed.

 

1The response functions for rice, corn, and wheat are taken from

Peter T. Knight, Brazilian Agricultural Technology and Trade - A Study

of Five Commodities (New York: Praeger Publishers, Inc., 1971). DUE‘UD

the'lack of experimental data, the response function for soybeans is

graphically estimated through a scatter diagram of yield and nutrient

application.
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Results are obtained by commodity, farm size and regional aggregates.

Recursive Linear Programming was used as the basic approach to

represent resource allocation decisions in the region. It is assumed

that farmers would select a land utilization pattern which would maxi-

mize the expected net returns, subject to a range of physical and

behavioral constraints. The input-output matrix of the linear program-

ming model is block diagonal with one block for each farm size and

additional regional constraints which hold for all farm sizes simulta-

neously.

The linear programming model is solved iteratively for each

year giving optimal enterprise combinations over time by farm size.

The decision rule to be satisfied is the optimization of the regional

objective function defined as expected gross returns minus variable

costs. The activities considered in the model are: a) Production of

various annual crops; b) Production of natural and cultivated pasture;

c) Production of beef; d) Investment in tractor, combine and draft

animal, and e) Labor hiring by season. Crops included are: rice,

corn, wheat and soybeans. Two distinct activities for soybeans are

considered, namely, soybean following wheat and soybean independent

of wheat. The constraints of the model include: a) Land constraints

by season; b) Labor constraints by season; c) Tractor, combine, and

draft animal power capacities; d) Balance equations; e) Behavioral

constraints in the form of maximum and minimum hectarage for land

using activities, and f) Regional constraints on tractor and wage

labor supply.
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Summary of Findings, Conclusions and Implications

for Development and Technologerolicy

 

 

This section presents a summary of the results and the major

conclusions of the study. At this point model results cannot be taken

as conclusive for policy recommendation since further model testing

and refinement are required in addition to improvements and checks in

the data used in the model. Conclusions and implications derived from

model application are subject to the limitation of the data and the

appropriateness of model assumptions and specification.

Model results indicate that in response to technological change

farmers can change, to a certain extent, their land utilization, pro-

duction, imput demand, and income patterns over time. The impacts on

area allocated to the various crops are the primary effects of changing

technological coefficients in the model. Impacts on other variables

are in essence determined as a consequence of changes in land alloca-

tion decisions among alternative enterprises.

According to model results the introduction of technological

change in the form of high-yielding varieties would have significant

impacts on the area cultivated with wheat and soybeans, only minor

effects on the area of corn, and no changes would be observed on the

area cultivated with rice. Area of corn would increase from 5.0 to

27.0 percent in small farms and no change would occur in large farms.

An increase in yields of 30 percent would increase area of wheat in

large farms by about 148 percent. Area of soybeans would increase by

96 and 107 percent in large farms if yields were 30 and 50 percent

higher, respectively. Increases in crop areas come about mainly at

the expense of natural pasture areas. Changing technical coefficients
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for labor, draft animal and tractor use, so as to increase the level

of mechanization, would have only marginal effects on the area of

rice and corn. However, higher levels of mechanization would tend

to increase the area cultivated with wheat and soybean, with large

farms experiencing larger proportions of the increases. For the region,

soybeans experience increases in area up to 30 percent.

Projected production levels show the effects of changes in

yield rates and changes in cropping patterns that would be observed

under the different technology alternatives. The model projects sub-

stantial increases in production of all crops during the 1970 - 1980

period, under all yield alternatives. Higher-yield varieties tend

to have higher and more uniformily distributed impacts over all crops

than mechanization (Table VII.1). In both cases wheat and soybeans

experience the highest increases in production. Improved crop varie-

ties and increased mechanization tend to raise the profitability of

wheat and soybeans in greater proportions relative to other products.

Furthermore, most of the increases in wheat and soybean production go

to large farms. The implications of this are that large farms tend to

benefit more than small farms from improved technology.

The impacts on income due to increases in the amount produced

of a given commodity will depend on the price elasticity of demand for

the product. If prices do not change as a consequence of increased

production, income will increase for the producers of the given com-

modity. If prices change with changes in supply, the impacts on income

will be positive if demand is elastic and vice-versa. Not much can be

said about income effects for producers of individual commodities
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Table VII.1: Sample of Output Results Comparing the Impacts of

Varietal and Mechanical Technologies in 1980.

 

 

 

It Farm Source of Technological Change

em Size Varietal* Mechanical**

Rice Production Small 45.5 0.0

Large 45.6 50.7

Corn Production Small 45.9 2.4

Large 14.9 0.0

Wheat Production Small 42.0 ~10.4

Large 252.3 400.3

Soybean Production Small 45.1 6.6

Large 212.8 361.4

Beef Production Small -16.8 27.6

Large - 8.6 ~16.3

Labor Employment Small 2.8 -52.8

Large 44.8 - 1.3

Net Farm Income Small 27.5 6.3

Large 43.3 105.3

Land Productivity Small 27.5 6.3

Large 43.3 105.3

Labor Productivity Small 25.5 125.7

Large - 1.0 108.2   
 

*Values are percent changes for Alternative IC in respect to

Alternative IA.

**Va1ues are percent changes for Alternative IIC in respect to

Alternative IIA.
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without knowledge of price elasticity of demand. For example, decrease

in beef production will tend to lower income of beef producers if price

elasticity of demand for beef is elastic.

The most important single factor influencing a developing coun-

try's ability to absorb a growing labor force into productive employ-

ment is the type of strategy pursued for developing its agricultural

sector. Technology is a major factor to be considered in the develop-

ment strategy. The choice of technology is an important element deter-

mining the employment effects of development. The projected annual

rate of employment growth during the period of analysis ranged from

2.5 to 4.0 percent under the different yield alternatives. Improvement

in yields of 30 and 50 percent would raise total labor employment by

10.8 and 12.1 percent, respectively. Almost all increases in total

employment would reSult from higher labor use in large farms (Table

VII.1). The impacts of labor displacement by mechanical technology

are higher on small farms than on large farms. Moving from lower to

higher levels of mechanization the rate of growth of employment

decreases for small farms, increases slowly for large farms, and

decreases for the region. Substitution of tractor for labor and trac-

tor for draft animal is explicity formulated in the model. If the rate

of growth of employment decreases for small farms while it increases

for large farms, the substitution effects are greater for small farms

than for large farms. This implies that it is easier to substitute

tractors for labor in small farms than in large farms. This is mainly

because small farms are abundant in labor. The majority of labor used

on small farms is family labor. Most increases in employment on large
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farms come from hired labor. This indicates that policies which would

have impacts on increasing consolidation of land would have additional

impacts on increasing rural employment when these policies are combined

with biological innovation programs.

One phenomenon that Occurs coincidentally with the moderniza-

tion of traditional agriculture is a change in consumption of farm

inputs, particularly purchased inputs. For instance, the demand for

fertilizer in the region is projected at 349,116 tons for 1980 under

the condition of base yield levels. This is an increase of 56.8 per-

cent over that of the base year. This demand would be 13.0 and 17.7

percent higher, under the alternatives of 30 and 50 percent increases

in yields, respectively., The introduction of higher levels of mechan-

ization would raise the regional demand for fertilizer by as much as

29 percent. Thus, technological change would have significant impacts

on changing the structure of farm demand for a manufactured input.

This increased demand may be an incentive for development of the domes-

tic fertilizer industry, which in turn would represent savings in

foreign exchange used to import fertilizer.

In general, the group of small farms used over 50 percent of

the total amount of inputs. This is due to a more intensive use of

land in this group. Large farms have more extensive natural pasture

area than small farms. A large proportioncflicultivated area is found

on small farms. Since crop production requires the use of larger

amounts of inputs than beef production, more input is used on small

farms. Improvements in technology tend to affect more the pattern of

employment and input utilization in large farms because they will have
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greater potential to expand use of the various inputs. If input supply

is limited there will be shifts of resources from one group of farms

to another, with large farms buying up large proportion of the

resources.

Some analysts have suggested that the distribution of benefits

from the new technologies parallels existing resource endowments.

Basically, new varieties can be adopted regardless of the size of a

given farm, everything else being equal. Even though large and small

operators tend to use the new technology, large farms may benefit more

because they control a greater proportion of the resources. Indication

of the distribution of benefits from use of new technologies is given

’by the rate of growth of net farm income. Net returns to resources in

farming can be improved significantly with improvements in crop yields.

Net regional farm income raises by 19.2 and 32.3 percent for the two

alternative yield assumptions compared to the situation of base yield

levels. For small farms, net returns are higher by 20 percent, and

for large farms they increase by over 30 percent under alternative

yield assumptions. Projected net farm income shows significant dif-

ferences among the different mechanization alternatives analyzed. Net

regional farm income increases by 14.7 and 32.1 percent for a 50 per-

cent and a 75 percent mechanization alternative, respectively, compared

to a 25 percent alternative. The increases for large farms would be

significantly higher than those for small farms. For the above situa-

tions, the corresponding increases for small farms would be 7.8 and

6.3 percent, while for large farms they would be 34.3 and 105.3 percent

(Table VII.1).
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Income of large farms increases more than that of small farms

for varietal and mechanical technology. However,a great difference

exists when mechanical technology is introduced. Model results indi-

cate that technological change in the form of mechanization tend to

enhance income of large farms in much greater proportion than that of

small farms. The implications for income distribution are clearly a

tendency for the income gap between farm size groups to increase over

time. The introduction of higher levels of varietal and mechanical

technology would result in a higher projected growth rate of net output

in large farms compared to the rate of growth in small farms. Conse-

quently, the share of large farms in both total and net regional out-

'put would increase at the expense of small farms. Thus, large farms

would tend to buy off resources and increase farm size even faster,

since they would be better off by experiencing higher increases in

income.

Changes in land and labor productivities show the relative

factor scarcities and different technology choices among farm size

groups. Land productivity is higher for small farms while labor pro-

ductivity is higher for large farms. For both types of technology,

land productivity increases by higher percentages in large farms (Table

VII.1). Mechanical technology induces substantial increases in labor

productivity in both farm sizes. Differences in factor productivity

among farm sizes are possibly due to differences in the technology

employed. Labor productivity, for instance, is higher in large farms

which use less labor per unit of land and in turn will have lower vari-

able costs than small farms. Thus, the choice of technology will af-

fect resource productivity.
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From the point of view of the decision-maker responsible for

the allocation of funds to alternative research programs it is of

interest to know which investment would give the highest pay-off.

However, the concept of returns to investments has to be based on a

set of criteria. In this study only varietal and mechanical technology

are analyzed. The results of Table VII.1 show that there are trade-

offs among criteria. The objectives of investment in research may be

increased production, employment or income distribution. In order for

the model to supply useful information for policy making, interaction

with public decision-makers is necessary to determine their interests

and the several direction of policy variables. Thus, model applica-

tion can be very useful when used in interaction with decision-makers.

The model can be used to analyze a whole range of situations in respect

to biological and mechanical technology. Model results will indicate

major direction of changes and also will provide estimates of the im-

pacts and adjustment which will potentially occur with the introduction

of alternative technologies.

This study suggests that in order to develOp technology policy

the interrelationships among farm size groups and crops should be taken

into account. Improvements in technology for a given crop will in-

crease its comparative advantage relative to others. With limited sup-

ply of land, increases in area cultivated with one crop is only possi-

ble at the expense of others. The introduction of technology change

which affects cropping patterns should consider the consequences of

changes in area of one crop due to changes in area of another crop.
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Comparing the results for the various crops, the model projects

large proportions of increase in area and production of wheat and soy-

beans, under conditions of alternative technologies. Thus, given the

same improvements in technology for all crops, it appears that wheat

and soybeans would tend to benefit more in comparison to other crops.

This indicates that to maintain basically the same competitive rela-

tionship, greater emphasis should be given to increase productivity

of the other crops. 1

The results of this study suggest that the type of technolo-

gical change to be implemented in a region would have impacts on land

use and cropping patterns, production, employment and input utiliza-

tion, and income. Furthermore, the choice of technology to be gener-

ated and disseminated by research institutions should consider the

adjustments and impacts that such technology improvements wOuld have

on the relative competitive position of the various farm enterprises

and on the income accruing to the different producing groups.

Limitations and Suggestions for Further Research

The analytical framework used in this study is found to be

feasible for analyzing the impacts of technological change with consid-

eration of a large number of interrelationships among farm enterprises,

farm size groups, and different regions. Due to the time dimension of

the model, it can account for the dynamic properties of the adjustment

and growth process under conditions of changes in technology. However,

at the present stage the model still has several weaknesses which are

the subject to further research. Several aspects of the model can be

improved and extended. The most important areas for further research

are:
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l. Improvements of the Data Base -- The model makes use of

farm level data and also secondary data collected by census statistics.

Improvements of data collection and consistency checks on secondary

data should receive greater attention of government agencies responsi-

ble for such tasks. The basic difficulty with the primary data is its

limited availability by farm size groups. Input-output coefficients,

production costs and returns should be available by farm size to allow

for taking into account in the model the basic differences among farm

sizes with respect to production decisions and choice of technologies.

Especially in the case where the model would include several classes,

basic data by size group would be essential for model performance.

2. Resource Tranference Between Farm Size Groups -- Further

research should concentrate on ways of dealing with the dynamics of

farm size groups. Land structure changes over time. Transference of

land from one group to another will carry other resources such as

labor and capital. The model should allow for the changes in structure

including some mechanism to account for resource transference among

groups. Also, related to land structure is the problem of projecting

number of farms per farm size group in such a way as to maintain con-

sistency between number of farms and area in each group.

3. Include More Than One Region and More Than Two Farm Sizes --

Dissaggregation in farm size groups has been found to be a very useful

way of generating information. It provides a basis for analyzing the

effects of scale and different factor proportions on resource alloca-

tion, and choices of technology. Besides accounting to some extent

for aggregation bias, this procedure allows also the modeling of inter-

actions among farm size groups competing for regional resources.
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Analysis of model results indicates that the disaggregation

into farm size groups should include a larger number of classes. Even

though the stratification in two groups proved useful, it did not al-

low for very conclusive findings with respect to the process of re—

source allocation under conditions of changing resource endowments.

Choice of technology is a function of resources scarcities in the farm.

Only with consideration of a wider range of sizes could the effects of

size and its relationships to technology choice be identified.

Extension of the model should also include more than one

region. Inclusion of more than one region would be useful to study

inter-regional competition, and the effects of technology change on

different regions.

4. Link to Other Sector Models -- Due to the flexibility of

the model and its computer program, it can be used as a separate model

or in interaction with a larger sector model. Its basic function would

be to serve as a decision-making c0mponent used to determine endoge-

nously in the larger model allocation of land and other farm resources

to production, based on the opportunity cost of the resources in alter-

native uses, and based on the relative profitability of the various

farm enterprises. Further modeling effort could include other compo—

nents of the agricultural sector and models of other sectors of the

economy. The model developed in this study can be used as a component

representing farmers' decisions with respect to resource allocation

and production in a larger model.

5. Model Improvements -- Some basic improvements of the model

would include: a) Incorporate financial activities and constraints;



187

b) Include other activities which also use farm resources; c) Incor-

porate other regional constraints such as fertilizer, fuel and credit;

d) Include more detailed classification of labor by season, and e) In-

clude farm machinery capacities by season. The model seems to over-

emphasize the role of flexibility constraints. These constraints are

used to represent farmers' ability to change activity levels from year

to year. Clearly, the estimation of flexibility coefficients is cru-

cial for model behavior. However, their role should not override the

role of other elements in the model. The improvements in model speci-

fication mentioned above would reduce the importance of flexbility

constraints in projecting production patterns and would also improve

model performance.

6. Risk and Uncertainty -- The model only deals implicitly

with risk and uncertainty by means of flexibility constraints. An

explicit approach would prove useful to represent farmers behavior

under conditions of risk and uncertainty which characterizes the

nature ofthe decision process. I

7. Price Expectation Models -- One area of severe limitations

in this study is that of product and input prices projections. Improve~

ments of price expectation models or the modeling of demand and supply

through a marketing component, thus making price expectations endoge-

nous in the model, is considered an important area for future research

related to this study.

8. Diffusion of Innovation -- In order to account for the

temporal aspects of technology change, a more detailed treatment of

the process of diffusion and adoption of new technologies would be an

important improvement of the model.
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9. Income Distribution -- The introduction of new technology

would have effects on the income among regions and farm size groups.

To study these impacts more than one region should be included with

disaggregation in several farm size classes. More important, however,

is a detailed treatment of the various sources of income at the firm-

household level by farm size. This would require the inclusion of

specific income earning activities in the programming model to account

for the di-ferent alternatives open to farmers.

10. New Commodities -- The basic structure of the model is

assumed constant over time. The same set of activities is maintained

constant which means that there is no possibility of introducing new

products. This may be a most realistic assumption for the region

studied which has a more or less well established cropping pattern.

Yet, it is still possible that a new commodity becomes viable and

highly profitable in the region whose introduction could have great

impacts in changing incomes.
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APPENDICES



APPENDIX A

THE STRUCTURE OF THE RECURSIVE LINEAR

PROGRAMMING MODEL

The main purpose of this appendix is to describe the elements

of the yearly linear programming model in a detailed form. This

appendix is complementary to the model description presented in Chapter

V.

The linear programming model for each year is block diagonal

with one block for each of the two farm size group. In addition there

is a set of overlapping equations to account for constraints which hold

for all farm size groups simultaneously.

The definition of the variables in the recursive 1inear pro-

granming model is as follows:

ActivityVector1
 

Xi(t): Production of rice using draft animal power (ha)

x;(t): Production of rice using mechanical power (ha)

x;(t): Production of corn using draft animal power (ha)

XZ(t): Production of corn using mechanical power (ha),

x;(t): Production of wheat using draft animal power (ha)

xg(t): Production of wheat using mechanical power (ha)

 

1For each activity i = 1,2, designates farm size groups.
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x;(t): Production of soybeans, following wheat (double

cropping), using draft animal power (ha)

Xg(t): Production of soybeans, following wheat (double

cropping), using mechanical power (ha)

x;(t): Production of soybeans, independent of wheat, using

draft animal power (ha) I

Xflb(t): Production of soybeans, independent of wheat, using

mechanical power (ha)

x:](t): Production of range natural pasture (ha)

x:2(t): Production of Cultivated pasture using draft animal

power (ha)

x:3(t): Production of cultivated pasture using mechanical

power (ha)

x:4(t): Production of beef using natural pasture (cow unit)

st(t): Production of beef using cultivated pasture (cow unit)

x:6(t): Investment in tractors (unit)

xf7(t): Investment in combines (unit)

x:8(t): Investment in draft animals (unit)

Xf9(t): Hiring labor during July-October (hours)

Xé%(t): Hiring labor during November-February (hours)

x;](t): Hiring labor during March-June (hours)

Constraint Vector2
 

Y}(t): Summer land capacity (ha)

Y;(t): Winter land capacity (ha)

 

2For the constraint vector i = 1,2, designates farm size group con-

straints and r designates regional constraints.
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Y;(t): Irrigated land capacity (ha)

Y1(t): Labor capacity in Period 1 (hours)

Y;(t): Labor capacity in Period 2 (hours)

Y;(t): Labor capacity in Period 3 (hours)

Y;(t): Tractor capacity (hours)

Y;(t): Combine capacity (hours)  
Y;(t): Draft animal capacity (hours)

Y:b(t): Balance equation transferring total hectares of

 

natural pasture to beef production (ha)

Y:](t): Balance equation transferring total hectares of

cultivated pasture to beef production (ha)

 Yf2(t): Balance equation for wheat/soybeans crop rotation

using draft animal power (ha)

Y:é(t): Balance equation for wheat/soybeans crop rotation

using mechanical power (ha)

Y:4(t), Y:5(t): Flexbility constraints for rice, upper and lower

bounds, respectively (ha)

Yflfi(t), Yf7(t): Flexibility constraints for corn, upper and lower

bounds, respectively (ha)

Y:8(t), Y:9(t): Flexibility constraints for wheat, upper and lower

bounds, respectively (ha)

Y;0(t), Yg](t): Flexibility constraints for soybeans, independent of

wheat, upper and lower bounds, reSpectively (ha)

Y;2(t), Yg3(t): Flexibility constraints for natural pasture, upper

and lower bounds, respectively (ha)

Yg4(t), Y;5(t): Flexibility constraints for soybeans, following

wheat, upper and lower bounds, respectively (ha)
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Y;6(t), Y;}(t): Flexibility constraints for cultivated pasture,

upper and lower bounds, respectively (ha)

Y¥(t): Regional tractor supply (unit)

Y£(t): Regional availability of wage labor, period 1 (hours)

Y;(t): Regional availability of wage labor, Period 2 (hours)

YZ(t): Regional availability of wage labor, Period 3 (hours)

The linear programming model is solved for each year. From

one run to another the elements of the base model change as a result

of previous solutions of the problem and as a function of projections

made exogenously or through other components. The following section

describes the mechanisms used for changing the elements of the linear

programming model.

Dynamic Feedback Mechanisms
 

The iterative nature of the model requires a number of dynamic

feedback operators to generate changes in the elements of the model

over time. Following is a description of how the objective function

coefficients, the constraint vector elements and the input-output

coefficients are generated.

Objective Function Coefficients:
 

All of the objective function coefficients are time variant.

The definition of the coefficient varies with the type of activity in

the model.

Crop Production Activities: For these activities the objective

function coefficients, Zj(t),...,Z:B(t), are defined as one year lag

of gross returns minus variable costs and are given by
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i
. + = . . + . . o + . o .ZJ(t 1) YLDJ(t) (l SYLDJj) (1 RYLDJ) PYCJ(t)

- [PFERT(t) - FERTj(t) + PSEEDj(t) - SEEDj + PTRPI . TRPIj(t)

+ pTRpp . TRPPj(t) + OINPj + VMCj + CINPj] . (l + 0.5 RINT)

where

YLD = expected yield (kg/ha)

SYLD = yield differential factor due to size (proportion)

RYLD = yield differential factor due to mechanization (propor-

tion)

PYC = average expected producer price (Cr$/kg)

FERT = fertilizer input (kg/ha)

PFERT = average expected fertilizer price (CrS/kg)

SEED = seed input (kg/ha)

PSEED = average expected price of seed (CrS/kg)

TRPI = amount of input transported (kg)

PTRPI = input transportation cost (CrS/kg)

TRPP = amount of product transported (kg)

.PTRPP = product transportation cost (Cr$/kg)

OINP = expenditure on other inputs (Cr$/ha)

VMC = variable machinery costs (Cr$/ha)

CINP = capital input costs (CrS/ha) }

RINT = interest rate (proportion)

Pasture Activities: These activities produce intermediary

input used for beef production. Their objective function coefficients,

2:](t), 2:2(t), 2:3(t), are negative and contain only the variable

costs lagged by one year.
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i
. + =-[Rm.+ + o .+ .0 .ZJ(t 1) J CINPJ PFERT(t) FERTJ PSEEDJ SSEDJ

+ PTRPI . TRPI + VMCj]. (1 + 0.5 RINT)

where

RMC = repairs and maintenance costs of fences (CrS/ha)

Beef Production Activities: The objective function coef-
 

ficients for the beef production activities, 2:4(t), Zf5(t), are the

one year lag of gross returns minus variable costs.

1
. + = . . . + . - . + . . . -ZJ(t l) [PROPSJ YFATSJ PROPCJ YFATCJ PROPCCJ YFATCCJ]

- PYB(t) - [PBOM - BOM + PSALT - SALT + VETle -

- (l + 0.5 RINT)

where

PROPS = proportion of fat steers output per cow unit

(dimensionless)

YFATS = yield of meat per fat steer (kg/head)

PROPC = proportion of fat cow output per cow unit

(dimensionless)

YFATC = yield of meat per fat cow (kg/head)

PROPCC = proportion of cullcow output per cow unit

(dimensionless)

YFATCC = yield of meat per cull cow (kg/head)

PYB = average expected price of beef (Cr$/kg)

BOM = bone meal input (kg/cow unit)

PBOM = price of bone meal (CrS/kg)

SALT = salt input (kg/cow unit)

PSALT = price of salt (Cr$/kg)

VETC = veterinary costs (Cr$/cow unit)
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Investment Activities: The investment costs of these activi-
 

ties, Z{%(t), 2:7(t), Zf8(t), are composed of depreciation and interest

charges on capital computed as follows:

1' - - .
Zj(t+1) - [(PAQj(t) PSLj(t))/NLIFj + (PAQj(t) + PSLj(T)) 0.5 RINT]

where

PAQ = acquisition price (CrS/unit)

PSL = salvage value (CrS/unit)

NLIF = number of years of life of the investment (years)

Labor HiringrActivities: For these activities the objective
 

function coefficients, 2:5(t), Z£0(t), 2;](t), are simply the expected

wage rate, WAGE, lagged by one year.

Z}(t+l) = - WAGE(t)

This completes the specification of how the objective function

coefficients are generated. In the equations above variables without

a time subscript are constant over time. Crop yields are determined

usingfertilizer response functions. Prices are projected using simple

expectation models. For a specific activity the amount of an input

ney be zero, when the activity does not use that input.

Constraint Vector Elements:
 

Projection of resource capacities are exogenous to the model.

The computation of the elements of the constraint vector is described

by the following equations:

Summer and Winter Land:
 

Y}(t) = BCCij(t) - TLAND(t); i = 1,2

where
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th th
v} = amount of j type of land available in i size (ha)

BCCij = proportion of jth type of land in ith size (dimensionless)

TLAND = total land available (ha)

The variable TLAND is determined as follows:

TLAND(t) = TLAND(t-l) + DT/DEL - (TLCP - TLAND(t-1))

 

 

where

TLCP = upper bound on total land capacity (ha)

DT = time increment

DEL = average lag (years)

Irrigated Land:

Y;(t) = Y;(t-l) . (1 + 8C21,i)

where

Y; = amount of irrigated land available in size i (ha)

8C2],i = annual rate of change (dimensionless)

Labor Copacity:

Y;(t) = BCCj(t) . ACFPOP(t); j = 4,5,6

ACFPOP(t) = ACFPOP(t-1) - (1 + BT1)

BCCj(t) = BCCJ(t-1) + DT/DEL - (BBAR - BCCj(t-1))

where

Y} = labor capacity in period j for size 1 (hours)

. ACFPOP = projected active agricultural family labor force

(man-equivalent)

BTl = annual rate of growth of labor force (dimensionless)

BCC = working time equivalent (hours/man-equivalent/period)

BBAR = upper bound on working time equivalent (hours/man-

equivalent/period)
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Tractor Capacity:

Y;(t) = Y;(t-l) - (1 - BCl) + BC2 - x:6(t-1)

 

where

Y; = tractor capacity for size i (hours)

BCl = depreciation rate (dimensionleSs)

BC2 = working capacity of tractor (hours/unit)

Xi% = investment in tractors (unit) I

Combine Capacity:

Y;(t) = Y;(t-l) - (1 - BC3) + BC4 - xf7(t-1)

where

Y; = combine capacity for size i (hours)

BC3 = depreciation rate (dimensionless)

BC4 = working capacity of combine (hours/unit)

xf7 = investment in combines (unit)

Draft Animal Capacity:

i "' i o _- o i .-Y9(t) - Y9(t-l) (1 BC5) + BC6 X18(t l)

where.

<

d
o

1
1

9 draft animal capacity for size i (hours)

BC5 depreciation rate (dimensionless)

BC6 working capacity 0f animal (hours/unit)

Xfa = investment in draft animals (unit)

Balance Eggations:

l _

1. —

l _

I

O

Yr3(t) ‘
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Flexibility Constraints:
 

i _ i
Yj(t) - Xj(t-l) - (l + BCj)

 

 

where

Y} = upper and lower bounds on crap and pasture hectarage (ha)

X} = optimum level of the activityirithe previous period (ha)

BC = flexibility coefficients (dimensionless)

Regional Sppply of Tractors:

v;‘(t) = Y;(tél) . (1 + BT6)

where

Y: = regional availability of tractors (unit)

BT6 = annual growth rate of tractor supply (dimensionless)

Regional Availability of Wage Labor:

Yg(t) = BCCj(t) - ACWPOP(t); j = 2,3,4

ACWPOP(t) = ACWPOP(t-1)I- (1 + 312)

where

Y; = regional wage labor availability in period j (hours)

ACWPOP = projected active agricultural wage labor force

(man-equivalent)

BT2 = annual rate of growth of labor force (dimensionless)

BCC = as defined above.

Input-Output Coefficients:
 

Some of the input-output coefficients are constant over the

whole projection period. Others vary through time and are exogenously

changed for each year reflecting changes in production processes. The

changes are related to requirements of labor, draft animal and tractor

hours for the various production activities. Since the definition of
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these changes are simple and rather Specific their description is given

in the first part of Chapter VI, when presenting the procedures used

for model application in analyzing the inpacts of alternative produc-

tion technologies.

Data used to implement the model are contained in the computer

program given in Appendix C. The definition of the variables and coef-

ficients in the program is the same as in Appendix A.



APPENDIX B

A SAMPLE OF THE YEARLY OUTPUT

RESULTS OF THE MODEL
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BLOCK DQTI INTXT

TFXT FOR OUTPUT °

COHHDH ITxTc/ Ttxvct7.56). YEYT017 “2!. TQYYsl‘.3)
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