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ABSTRACT

THE FEASIBILITY OF USING SIMULATION TO EVALUATE
ALTERNATIVE SYSTEMS OF BEEF PRODUCTION IN NORTHEAST BRAZIL

by John N, Lehker

This thesis presents a study of the feasibility of using simulation
to analyze the planning of beef production in Northeast Brazil. The
model presented focuses on the detalled production relationships of the
beef enterprise and other enterprises within the firm which have impor=-
tant economic interrelationships with beef production. The purpose of
the model is to develop a conceptual framework which would be useful to
agencies who are responsible for rendering technical or financial assis-
tance to the entrepreneur in the process of making investment decisions
concerning his beef enterprise.

The model provides for detailed accounting of land use among various
combinations of feed production and between feed production and compet-
itive cash crops, competitive meaning a competition between the two for
the use of land. The model further translates feed production into costs
and revenues resulting from the production of cattle and provides a com=-
parison of the returns from the use of land for feed and cash crop pro-
duction.

The model also studies the time lag between the time planning decisions
are implemented and the time the full benefits of such decisions are real-

ized. By the attention given to this lag the model is able to ascertain the
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John N. Lehker
economic effects to the firm of not only the land use and herd management
alternatives but also of the rate of change from present to future alter-
natives.

Herd management and sales pélicies are predetermined by the user and
remain more or less fixed throughout the simulation cycle. In order to keep
the model stable as the relationship between land and animals change, these
policies will be changed once during the simulation cycle when the total

herd becomes predominantly modern rather than traditional.
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CHAPTER 1
INTRODUCTION
Background

Since the coastal region of Northeast Brazil was found to be well
suited for sugar production, it was one of the earliest settled regions
of the country. As sugar production increased, a need for plentiful,
cheap food became apparent to supply the labor force. Since the coastal
region was devoted largely to sugar production, the settlers turned to
the interior to produce the demanded food supply.

The interior is subject, periodically, to severe droughts which may
last for many years. The drought polygon of Northeast Brazil comprises
about one-half the total area of the nine states of the region. It takes
up nearly all of seven of the nine states and about half of the state of
Bahia., (Figure 1) Only the state of Maranhao is excluded from the poly-
gon.1 Due to the unevenly distributed and unreliable rainfall in the
interior, the area was found to be unsuited to most types of agriculture,
particularly cash crops. In years when rainfall is normal, nearly all of
it comes in a three or four month period from mid-January to mid-April or

May, and the rest of the year the interior receives little or no rainfall.2

1stefan H, Robock, Brazil's Developing Northeast (Washington, D.C.3
Brookings Institution, 1963). p. .

21bide, Pe 72
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When a severe drought occurred in 1958, the estimated size of the cattle
herd dropped by as much as 31 per cent in the state of Ceara,J

Even though cash crops are unsuited to the interior, it would seem
logical to improve suitability through the use of widespread irrigation.
However, studies sponsored by the government concluded that the potential
for irrigation was very small, encompassing about 1.4 per cent of the
land now in cultivation.u Because of the interior's unsuitability for
cash crops, cattle quickly became an important agricultural product. Cur-
rently the production of cattle generates 24 per cent of the total farm
income in the Northeast, while agriculture, forestry and fisheries generate

46 per cent of total income in this region.5

The Problem

The Northeast 1s the poorest region in Brazil. The per capita income
in 1960 was about 50 per cent of the national average. The mean income
per capita for the Northeast was about $1’+0.6 The distribution of income
is also highly skewed3 for example, in the city of Fortaleza, about one-half
the total population received only about 25 per cent of the total 1ncome.7

This low and skewed income is attended by low levels of caloric intake,

SAnuarios Estatisticos do Brasil (Rio de Janeiro, Brasils Instituto
Brasileiro de Geografia e Estatistica), Vols. 18, 19, 20.

¥Robock, op. cit., p. Gk

5Ibid., pp. 49-55.

6Ibid., pe .

73uprimento de Generos Alimenticos Para a Cidade de Fortaleza

(Fortaleza, Ceara, Brasilt Banco do Nordeste do Brasil S/A, Departamento
de Estudos Economicos do Nordeste, December, 1964), ppr. 12 ff,
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high malnutrition and high infant mortality.S

In spite of a high rate of rural to urban migration, two=-thirds of
the total population of the Northeast still resided in rural areas in
1960, Moreover, the rural-urban income gap is widening, despite the
migration and high urban unemployment.9 Since agriculture is the largest
single source of income in the Northeast, the apparent deficliencies suggest
that the agricultural sector is not providing sufficient income and employ-
ment opportunities.

If the basic problem is low income and insufficient employment, then
one intuitive solution is to shift away from labor-saving land and capital
intensive means of production toward more labor intensive means. This
generally is taken to mean discouraging mechanized and pastoral agriculture
and encouraging labor intensive cash crop production. The difficulty here
is the previously noted unsuitability of much of the interior for cash crop
production. Thus the intuitive solution does not seem to be a feasible
way of approaching the problem.

The cattle industry produces 24 per cent of total farm income, making it
the second largest single industry in agriculture in the Northeast in terms of

income generated.lo Since cattle production is well suited to the interior

8Donald W. Larson, "A Diagnosis of Product and Factor Market Coord-
ination in the Bean Industry of Northeast Brazil" (unpublished Ph.D,
dissertation, Michigan State University, Department of Agricultural
Economics, 1968), p. 4.

91bid., pp. 4 ff.

10Robock, op. cit., P. 49.
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relative to other agricultural industries, it would seem to be a logical
target for development activity if one wished to improve low incomes,
Similarly, if there are improved alternatives to the present beef production
system which do not displace the labor the present system uses, then one
cannot say, a priori, that labor, under such an alternative, would be worse
off. Conversely if labor intensive alternatives can be found and implemented,
then labor may be better off.

The questions becomes (1) Is low productivity in the beef production
system a problem? (2) Are there alternatives to the present system which
will improve the productivity of land, labor and capital (especially animals)?
and (3) Are the alternatives such to increase the use of labor?

The first question may be answered by referring to a study sponsored
by the Getulio Vargas Foundation, in which a series of Cobb-Douglas production
functions were fitted to data by regions and types of farm specialization.

In these functions the dependent varlable was total farm income. The

estimated coefficients for the Northeast and cattle production are shown

in Table I.l1

1lThe regression equations used in the study to estimate the values in
TABLE I are of the following general types

- Y2lya2ya3 an
Y xl xZ x3 l..xn
where, for examples

Y=Total farm income
X1=Area in artificial and natural pasture (Ha.)
Xo=Feed originating from agricultural andeecececse

The entire equation refers to farms or ranches specialized in beef production
in either Ceara or Pernambuco. There is a separate equation for each state,
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TABLE 1

COBB-DOUGLAS ESTIMATES FOR ANIMAL PRODUCTION 1962

Variable (X;) Coefficient (A;)
Ceara Pernambuco
Area in artificial and natural «0007 0141
pastures
Feed originating from agricultural .1889 «0212
and industrial by-products
Vaccines, medicines, and disinfectants .0786 .0808
Labor 1204 « 046
Total value of land in permanent 01637 «1050
crops
Total value of buildings, equipment, 2734 14l
and work animals
Brood cows -.0058 0508
Sows - 0281 . 0208
All animals except brood and work ~-. 0266 «0651
animals

Sources Projections of Supply and Demand of the Agricultural Products
of Brazil, Vol. 1 (Getulio Vargas Foundation, Brazilian
Institute of Economics, Center of Agricultural Studies,
1966), p. 126,
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These data show that increasing the acreage of artificial or natural
pasture will be less effective in increasing farm income than other alter=-
natives in Table I. This is true for both regions except for animals in
Ceara. The estimated coefficlents for Ceara also show that further increases
in the size of the cattle herd will reduce farm income.

In general these estimates tend to show that further increases in
land or cattle will not increase farm income significantly relative to
increases possible from cash crops. The small increases obtainable from
pasture means that additional units of pasture would yield very little
additional nutrition. Therefore, one may infer that the productivity of
current pasture methods is very low, Therefore, the most significant
barrier to improved farm income with respect to cattle is the nutrition
avallable.

If the productivity is low, are there any more productive alternatives?
One answer can be found by a comparison of estimates of actual productivity
with what has been accomplished under controlled conditions. Estimates
show that cattle are marketed at four to five years of age; but, under
feedlot conditions and high quality feed, cattle from the same general
breed have been marketed at eighteen months of age.12

Animal scientists at the University of Ceara estimate that market

time can be reduced to three years given improvements in nutrition and

1250int interview conducted with the Faculty and their counterparts
from the University of Arizona Project, Escola de Agronomia da Univer-
sidade Federal de Ceara, Departmento de Zootecnia, Fortaleza, Ceara,

Brazil, September, 1969.
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proper herd management conditions.13 Proper nutrition and management is

an immediate problem which must be solved before consideration can be

glven to any breeding program to improve the efficiency of the animals
themselves., More efficlent breeds of animals generally require more and
higher quality feed than native breeds as well as better care through
management. This latter point is brought up in anticipation of a criticism
often leveled at traditional cattle productions that is the limiting
factor to improving productivity is breeding. The need for improved
nutrition implies that labor intensive home grown feeds, given the
unfeasibility of a high supplement ration, are the solution, thus answering

the third question,

Objectives
The overall objective of this study was to develop a conceptual

framework to study the long run and short run consequences of develop-
mental decisions concerning beef production at the farm or sub-industry
level in the Northeast section of Brazil.l¥
Specific objectives weres
l. To develop a model for evaluating alternative means of
modernizing beef production in selected areas of North-

east Brazil.

131bi4d.

1uIndustry is defined as all farms or ranches breeding and
raising slaughter cattle in the seven states of the Northeast.
Seven states refer to the nine states of the region without Bahia
and Maranhao.
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2. To formulate and test a computerized simulation procedure
for estimating the effects of different systems of beef
production.

3. To determine the usefulness of this procedure and specify
how it might be further developed into an operational

analytical tool for development planning.

A General Review of Simulation, Its Advantages, and

Previous Research

For the purposes of this thesis simulation is defined as "a numerical
technique for conducting experiments on a digital computer, which involves
certain types of mathematical and logical models that describe the be-
havior of a business or economic system (or some component thereof) over
extended periods of real time."1l5

Computer simulation is one of a number of quantitative techniques
for analyzing systems models. Simulation has a number of special features
which should be of interest to the economist. The technique allows the
economist to perform dynamic experiments on an economic system over which
there is complete control. Using the technique with the relevant data,
the experimenter can test virtually any compatible hypothesis or policy
alternative for its impact on the socio-economic environment.l6 Further-
more, this technique has utility to the economist in that it can greatly

reduce the number of necessary assumptions concerning the desirability of

15Richard E. Dawson, "Simulation in the Social Sciences,” in Simulation
in Socilal Science: Readings, ed. by Harold Guetzkow (Englewood Cliffs,
New Jersey: Prentice-Hall, 1967), pp. 1-15.

16Thouas R. Webb, "A Systems Model for Market Development Plannings
Northeast Brazil" (unpublished Ph.D. dissertation, Michigan State

University, 1969), pp. 26 ff.
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10

goals to be achleved, the normative desirability of one policy over another,
and the shape or even the existence of the social welfare function,1?

Using a simulation model (simulator) the researcher can attempt to describe
and analyze a larger number of important interrelationships on the system
than with other techniques. The policy maker is helped by a simulator in
that he can select from among the various alternatives since more informa-
tion about the political, social and economic consequences of each alter-
native is available. By using a simulator rather than other models many
more dimensions of the problem, economic and non-economic, can be viewed
simultaneously and the normative and non-normative consequences of alter-

native solutions noted.18

Simulation in its broadest definition has been a part of man's
environment since the beginning of history. Cave drawings, for instance,
are simulations of the animals they represent. Simulation has been used
in this century in the training of air crews, With the development of
high speed computers new applications for the concept were found.19 The
speed of modern computers allows complex problems to be handled in a
reasonable amount of time. The business world found application in wedding
the computer with the concept of simulation in solving such widely diverse
problems as alrcraft and electronic circuit design on the one hand to making

improvements in their marketing and distribution systems on the other.

1?Thomas H. Naylor, "Policy Simulation Experiments with Macro-
econometric Modelss The State of the Art," American Journal of

Agricultural Economics 52 (May, 1970), p. 264,

18;1enn L. Johnson, "Discussion of Macro Simulation Models,"
American Journal of Agricultural Economics 52 (May, 1970), p. 288,

19Dawson, op. cit., pr. 1 ff.
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11

There are a number of research techniques which are available to the
economist which closely approximate simulation., However, in the broader
sense, economic models themselves are simulations since they describe some
subset of reality and show how that subset behaves internally and how it
interacts with its environment.zo Computer simulation, as distinct from
the more general term, simulation, has one advantage over other techniques
used by economists., While some relationships can be studied quite ade-
quately by other techniques, computer simulation can study many more such
relationships simultaneously. For example, budget studies are capable of
analyzing and comparing two or three different combinations of resources,
whereas a simulator can study literally hundreds of different combinations.
Also, budget studies are capable of determining the profitability of these
combinations to the firm; simulators can determine the same information
for each of its hundreds of combinations besides the social ramifications
of each combination.

Within economic development there has been a growing interest in the
use of computer simulation to study the problems of development. Most of
this interest has been focused on the study of macro-level problems. In
a macro-simulation development study the area of interest is the whole
economy or some large subsector of it. Two good examples of macro-develop-
ment simulators are Webb's Systems Model for Market Development Planningt

Northeast Brazil?l and a study conducted by the Consortium for the Study

201bi4.,

2lyebb, loc. cit.
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12

of Nigerian Rural Development (CSNRD),22

In his model Webb structured a simulation of the overall marketing
relationship between the city of Recife and the surrounding region. The
model's structure provides a detalled description of the production,
distribution and consumption sectors which emphasizes the flows of goods,
services, and incomes with the market.z3

The Nigerian Model, as implied by its title, is a subset of a larger
model constructed around the Nigerian rural economy. The model is a macro
study in that no discrete production unit can be isolated in the model and
the outputs of the model are aggregated values. Likewise the alternatives
studied are general policy alternatives and do not reflect alternatives
open to the individual farmer except to the degree that he chooses to
participate in the alternative systems,

The use of simulation in studying general policy alternatives is the
crux of the neglected area in simulation studies of developing economies.
Essentially all simulation work has been aimed at helping high level
policy makers arrive at optimum decisions for development strategy. Very
little work has been done at the farm level. Yet there is a clear need
for this type of simulation study. Overall policy decisions must be

implemented by individuals and agencies who must translate such decisions

22G1enn L, Johnson, et al., A Simulation Model of the Nigerian Rural
Economys Phase 1 = The Northern Nigerian Beef Industry, Report to the
Agency for International Development (East Lansings Michigan State
University, April 26, 1968).

23Webb, op. cit., Abstract.
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13

into concrete actions. But in the process of doing so these agencies must,
in turn, develop their own policies in order to carry out their instruc-
tions rationally. Such agencies, for example, must develop policies to
allocate funds and personnel among individual farmers, production alter-
natives and subsectors and do so in conformity to the local soclo-economic
conditions. Simultaneously these agencies must, or should, take into
consideration the externalities their declisions will impose upon such
other areas as labor, input and commodity markets, and consumers. They
also need to understand and anticipate the constraints upon the individual
farmer which 1limit his ability to behave in the manner desired by the
agency. Thus there is clearly a need for simulation studies to aid the
lower level policy maker in understanding the nature of the system about
which he must make his decisions.

There have been a number of studles aimed at applying the simulation
technique to the agricultural firm. All of these have been confined to
studies of more developed countries (MDCs). One good example of this
type of study is a simulator constructed by Hinman and Hutton. In this
study a general simulation model for four firms was constructed based
on the generally accepted theory of firm behavior. The objective of
this model is "to provide a means of studying management problems using the
simulation approach."zu The objective of studies such as this has been

exclusively to help the individual farm manager meet his individual goals.

24y, R, Hinman and R. F. Hutton, A General Simulation Model for Farm
Firms, USDA, Agricultural Economics Research, Vol. 22, no. 3 zJuly. 19705,
Pe 1.
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14

These studies are therefore basically farm management simulators designed
to analyze what are clearly important problems for developed agriculture
and to varying degrees, for underdeveloped agriculture as well. These
studies do not approach the basic problem of structural and technological
limitations which are imposed upon underdeveloped agriculture or suprafirm
goals which should be taken into account by policy makers.

In addition to these limitations on the applicability of present
agricultural micro simulators to less developed countries (ILDCs) there is
a more fundamental limitation. One cannot justify the study of the firm
as an lsolated unit of production with given states of technology and
given ownership.

The range of ownership is much broader in LDCs than in MDCs. More
developed economies are well established institutionally and the structure
of agriculture is well integrated with the rest of the economy. While
radical change is possible in agriculture the process at best can be con-
sidered slow and evolutionary in nature. This is not so in LDCs. The
political system in most LDCs is perpetually in a state of fluxe As long
as change in the political systems 1s possible then changes in the patterns
of agricultural organization and ownership are also possible and, indeed,
inevitable should a revolutlionary change in the political system take
place. But even barring political change, the concept of development
planning implies directed change and this in turn implies that alternative
organizational patterns as a policy goal are not ruled out.

The model developed in this thesis is an attempt to provide govern-

ment agencies responsible for implementing the national policies (and to



1 lesser degree
rdaction reth
iferent techn
suld be noted
viel, Althoug
denily in the
*’erence to S¥
7 attempig |
er Sectors,
The appro;

3 used by E

™ in this ¢
Ssiead gy loc

Tose iy 44

dant s
‘QQlSlgns on t



15

a lesser degree the farmer) with the means of studying alternative
production methods given any state of technology or the means of studying
different technology and production alternatives simultaneously. It
should be noted that size and method of ownership are independent of the
model., Although the "entrepreneur” and the "firm" are referred to fre-
quently in the study, these terms are for convenience and make no real
reference to specific organizations or ownership. The model developed
here attempts to consider the externalities imposed by the firm on certain
other sectors.

The approach used in this study is in some respects very close to
that used by Hinman and Hutton. It is not the purpose of the model devel-
oped in this thesis to study the day to day management of the enterprise.
Instead it looks at the planning phase of the management function., 1Its
purpose is to study consequences, over a period of years, of planning
decisions on the enterprise's profits, on labor, on government costs and
returns, and the supply of primary products (i.e. meat) through changes
in the firm's contributions to total product, taxes, and employment.

The model in this study borrowed an important component from the
Nigerian Model. The Nigerian Model has built into it a good framework
for determining the demographic situation of the cattle herd. This

component was used with slight modifications in the model to be presented

here.

The Research Technique

Initially background research was done on the cattle industry of the
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Northeast. This consisted of searching out all known reference materials
avallable at Michigan State University25 and conducting interviews with
individuals at the University who had firsthand knowledge of the cattle
industry in the Northea.st,26 or had firsthand knowledge of complementary
crop production relationships in the Northeast.2/ At the same tinme
additional information, not currently.available, was requested from the
Superintendancy for Development of the Northeast (SUDENE) and the Bank
of Northeast Brazil (BNB/ETENE). The information thus obtained allowed
the author to define the boundaries of the system to be studied more
sharply, and formulate additional data requirements not, at that time,
available.

At the beginning of September 1969 a three week field trip was taken
to Northeast Brazil. Two cities were visited, Fortaleza and Recife, and
a brief, one day trip was made to a number of cattle production enter=
prises to gain some firsthand impressions about their modes of operation.
In Fortaleza the author was able to conduct interviews with knowledgeable

persons from the Bank of Northeast Brazil,28 the School of Agronomy of the

25These materials are listed with an asterisk in the Bibliography for
the readers®’ convenience.

26Iaurence A. Johnson, Assoclate Professor of Dairy Science, East
Lansings Michigan State University, a series of personal communications

throughout 1969,

27Thomas J. Manetsch, Associate Professor of Electrical Engineering
and System Science, East Lansings Michigan State University, a series of
personal communications from September, 1968-=June, 1970,

28gjuardo Bezerra, and others, a series of personal communications
at Banco de Nordeste de Brasil, S/A Departamento de Estudos Economicos
de Nordeste, September, 1969.
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University of Ceara,29 the University of Arizona Project to the School of
Agronomy,3° and the Rural Extension Service for the State of Ceara (ANCAR=-
CEARA).Bl In Recife interviews were conducted with agricultural officials
from U.S.A.I.D.;2 FA0,33 the Superintendencia do Desenvolvimento do
Nordeste,3u and the Institute of Agronomic Experiments (IPA).35 The purpose
of these interviews was to gain a more detalled knowledge of cattle pro-
duction relationships in the Northeast, fill in gaps in the data available
in published form and confirm important data values already obtained,.

The model was constructed using Fortran computer language compatible
with Michigan State University®s Control Data Corporation 3600 Computer.

The major problem with the data was that little of it was the result

of careful, rigorous experimentation or controlled survey research. The

29Fa.culty. eep lOC. cit,

30Raymond Anderson and Charles Hanes, Livestock Specialists, Univer-
sity of Arizona Project to the School of Agronomy, University of Ceara,
personal interviews, September, 1969.

31c1inton Saboia Valente, Engenheiro-Agronomo, Fortaleza, Ceara, Brasil:
Service De Extensao Rural de Ceara, personal interview, September, 1969.

32pr, Henry Mike Kilpatrick, Agronomist, U.S. Agency for International
Development/Ibec Research Institute, and Dr. Roy Carvalheira Wanderley,
Chefe de Zootecnia, IPEANE, personal communications, September, 1969.
Elbert B, Bowen, and others, Food and Agricultural Officer, Division of
Agriculture and Rural Development, U.S.A.I.D., a series of personal com=~
munications, September, 1969.

33c1eveland James Allen, FAO Animal Production Officer, Recife, Brazil,
personal communication, September, 1969.

Hrechnical Staff, Superintendancy for Development of the Northeast,
Division of Agriculture and Supply, Recife, Brazil, a series of personal
interviews, September, 1969.

35k41patrick, loc. cit.
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bulk of the data was well informed opinion or the results of case studies

of different kinds of farming operations. Except for that obtained through
interviews, none of the information was in the form required for the modeling
technique. Thus, most of the parameters and variables used in the model
have been extrapolated from the original data.

One advantage in using this kind of data is that the range of infor-
mation concerning the overall system is much broader than for other data
collection techniques where the data to be collected are in a form com=-
patible with the proposed model. The data collected in the manner described
here contained a good deal of information concerning the structure of the
system as well as its input-output parameters and therefore could be used
to guide the model builder in constructing the model.

The basic approach used in the model was to measure the resulting
revenue, costs, employment, and wage bill given any combination of proposed
alternatives for herd management and land utiligzation.

In this model the basic unit of study is a single, large hypothetical
ranch constructed by aggregating the data concerning land, labor, and
animals from several real ranches studied by Dickerman from the University
of Arizona Project.36 This procedure may be questionable, especially from
an econometric point of view, but since the Dickerman Report provided no

usable input-output data, it is not an important objection. Information

36Alan B. Dickerman, The Economic Structure and Analysis of a Ranching
System in Northeast Brazil (Fortaleza, Ceara, Brazils University of
Arizona in cooperation with U.S.A.I.D. and the Federal University of

Ceara.. 1968) .
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obtained from Dickerman included an estimate of the number of animals which
~should be combined with the appropriate amount of land in a realistic com=-
bination, and a determination of the number of people necessary to tend

the postulated amount of land and animals. Actual input-output data were
obtained from various other sources and compared, as closely as possible,
to the production relationship described in Dickerman'’s report. Inm this
raper this hypothetical ranch will be referred to as "the firm.,"

Conceptually there are three broad categories of production functions
under which the firm may be operating. These three are classed according
to the three major climatic zones of the Northeast. These zones are (1)
the dry interior or sertao, (2) the transition zone or este, and (3)
the humid coastal belt.

For each of these three categories there are two additional possi-
bilities. One is a high capital-labor ratio and the other is a low capital-
labor ratio. In reality there are not two such alternatives but an infi-
nite number:t the theoretical boundaries being zero to infinity. If
hypothetically there are two possibilities with respect to capital/labor,
then there are thus far six possible production functions.

For every one of these six production functions there are two more
possibilities. These are: (1) the firm is also specialized in the pro-
duction of milk or, (2) it is specialized in the production of beef.,
Again this is really a range of specialization options for the firm, but
if one assumes that the firm is completely specialized in one or the other

then there are twelve possible production possibilities available to the
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firm. Since the focus of this study is on beef production, only six of
the twelve will be considered.

Specific alternatives, specific sources of land and potential returns
in yields and cash for the firm will be discussed. However, this should
not be construed to mean that these are the only sources, alternatives,
or potentialities that the model can be made to analyze. For example,
when annual cotton is referred to an an alternative to irrigated forages,
by changing parameters one may consider cocoa-nuts or bananas or sugar
cane or any other such crops as alternatives to irrigated forages. Since
the primary purpose of this study was to build a framework and only
secondarily to study actual alternatives per se, all the possible alter-

natives will not be considered here.
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CHAPTER II
THE BASIC MODEL

Introduction

The model performs as follows: Given land being presently utilized
according to an arbitrary formula and a herd of cattle being fed at a
specified arbitrary level of nutrition and composed of a selected number
of males and females with a given age distribution, decisions can then
be made with respect to improving the nutrition level of the cattle.
These decisions may involve removing land from present utilization and
applying it to different uses which will yield more nutrition per unit
of land for the cattle enterprise. Decisions can be made with respect
to the management of the herd and level of additional supplemental feeding
which may be desired. Once these decisions have been made they are
instituted for a number of years. At the expiration of this time the
results can be compared to the same number of years in which the present
practices (i.e. no decisions to change) were affecting the herd.

Two simulation cycles must be made with this model. In the first
cycle no modernizing decisions are made. The traditional production
process takes place for a given number of years. During this simulation
cycle, economic and environmental variables external to the firm behave
in a prescribed way. This means that relative prices and outputs change

without any influence by the firm,

Prior to the second simulation cycle, decisions concerning nutritional

21
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and herd management alternatives are made. Then the second cycle is
simulated on the computer with all economic and environmental variables
not controlled by management behaving in exactly the same manner as in
the first cycle (i.e. retaining the same values).

The model 1s divided into two general sectors. The first sector is
animal nutrition and also cash crops. It is here that the process of
land reallocation takes place in order to change the nutritional levels
available to the second sector,

The second sector is herd management. In this sector herd manage-
ment decisions change the level and kinds of veterinary care and supplemental
feed received by the animals in the herd.

The basic system structure is shown in Figure II. Inputs to land
use include not only the operating inputs, such as seed, and fertilizer,
but also modernizing inputs such as brush killer and fencing. The actual
inputs to the cattle nutrition sector are not differentiated in the
model but are accounted for on a cost per hectare basis,

Labor consists of vaquelros, sharecroppers, and all hired labor. The
units of labor are defined to be man-days of labor. BEach individual laborer
is assumed capable of supplying 250 man-days of labor per year to the
system described in the model. Further differentiation of the man-day
into hours can only be approximated since most of the avallable data was
in the man-day form. Also, hired labor is generally paid on a per day

basis or what may be reduced to such a basis if paid in larger units of

time.
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FIGURE II
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In this model extension services, like credit, are assumed available
at whatever levels are required by the modernization scheme being imple-
mented. The implementation of any given modernization scheme in cattle
or land use generates a demand for a given number of man-days of extension
services per animal or per hectare for each unit actually in the process
of modernization, i.e., being "transferred'" from traditional to modern
production,

An individual extension agent is assumed capable of delivering 200
man-days of service to the system. The cost of this service includes not
only the wages of the agent but also the cost of materials, transportation,
and, roughly, his share of the bureaucratic structure of the extension
service which is consumed per day. Every man-day of extension service
is considered identical to every other man-day in cost, only the number
of man-days consumed per unit varies according to the innovation being im-
plemented,

Credit is divided into two categories, long run and short run credit.
Short run credit is assumed to be used solely for buying supplementary
feede This credit must be repaid within one year at the same rate of
interest as long run credit (18 per cent in this model). Long run credit
is assumed to be used solely for land modernization. No other operating
costs or expenditures are allowed to be financed in this manner in the
model. Likewise all land modernization expenditures are assumed to be
fully financed through this means, both inputs and labor. The cost of
credit, which will be discussed later is defined in the model as the

difference between that rate of return which is actually earned and that
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which would need to be earned for the credit agency to break even. The

cost of credit can therefore be negative and would be counted as a profit

in the modele In the model this value is plus 2 per cente.

Inputs to cattle are all operating inputs. There are two such inputs

in this model., One is a package of veterinary services which consists of a
variety of vaccinations for the control of disease and the labor required

to administer them. These services are accounted for in the model as a

"standard dose" per animal., All labor and medicine costs are assumed ab-

sorbed in the cost of the "standard dose." The service agency is assumed

to be on a break even basis., Therefore this is not accounted for in the

government account,

The Traditional Firm

The firm which is used as the basis of comparison in the model is

a hypothetical ranch which is large and specialized in the production

of cattle and cotton. For the purposes of the model the size of the

ranch is of no importance since constant economies of scale are assumed.
The range of limits for size under this assumption is indeterminant.
Another feature of the model ranch is the assumption that cotton and cattle
are the only two productive enterprises which in any way interact with one

another, Food production for on-ranch consumption, other production, and

work animals are in no way involved in the problem, that is they are assumed

not to exist. Work animals exist only to the degree necessary to perform

thelr tasks on the cotton and cattle enterprises. They create no operating

costs, only a fixed cost as an item of capital. If included, work animals
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would make up approximately 3 per cent of the animals on the ranch.

The characteristics of this firm are presented in Table II. This
table is divided into two parts. The first part is entitled Initial
Values. The values presented under this heading are values which are
either fixed for the duration of the simulation cycle or will change as
the simulation proceeds. These latter values are the costs and prices in
the base year before the influence of inflation or changing market con-
ditions take effect. The second part of the table is entitled Equilibrium
Values. These are the interacting variables whose values depend upon the

initial values and the management policies under which the model traditional

firm is operating.

The Animal Nutrition Sector

Only three sources of animal nutrition for the traditional firm exist
in this sector, native pasture, supplemental feed, and crop residue. The
first is native pasture, that untended natural range land normally grazed
or avallable for grazing on the ranch or group of ranches in the model,
There are no direct inputs to this source of feede The second is from
supplemental feed which is used during the dry season to mitigate the
effects of this season. The third is from crop residues in this case
perennial cotton and associated grass which are generally grazed toward
the end of the dry season after the cotton has been harvested. For the
sake of simplicity, the traditional supplemental feed is assumed to be
the same type as that for the modern herd, cottonseed or bean cake, the

difference being quantity rather than quality. The nutritional value of
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TABLE II

CHARACTERISTICS OF THE TRADITIONAL FIRM

Ae. Initial Values

Descrigtion
Land in Native Pasture

Land in Perennial Cotton

Land in Annual Cotton

Laborers

Yield of Meat per Carcass
Total Value of Fixed Investment

Total Quantity of Cotton Supplied
per Year/Level

Rate of Inflation

Interest Rate on Credit

Cost of Credit to Government
Average Value of Traditional Animals
Price of Beef per Head

Price of Cétton per Kilo

Yield of Perennial Cotton per Hectare
Yield of Annual Cotton per Hectare
Wage Rate per Day

Sales Tax Rate

Sharecroppers' Share of Cotton
Vaqueiros®' Share of Cattle

Length of Short Run Credit
Length of Long Run Credit

Unit Value
ha. 70,360
ha, 1,400
ha. 70
approx. no. 80
kg. 150
NCR$ 3,641,500.0
kg. 308,000
% 20
% 18
% 2
NCR$ 135.0
NCR$ 160.0
NCR$ 0.50
kg. 200,
kg. 300,
NCR$ 3.00
18
50
5 20
yr. 1
yre 5
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Description
Supplemental Feed per Animal per Year

Percentage of the Herd Receiving
Vaccinations per Year

Cost of Supplement per Kilogram
Cost of Vaccinations per Dose

Gragsing Rate per Animal

Unit
lbs,
%

NCR$
NCR$

ha.

B, Equilibrium Values

Description

Grazing Rate per Animal

Herd Size

Extraction Ratio (Males & Females)
Sex Ratio (Males & Females)

Sales of Animals per Year

Percentage That Are Females

Birth Rate (Females Calving per Year)
Death Rate (Males & Females)

TDNA (TDN Available per Animal-Year)

Unit
ha,

animals

number

number

1lbs,

Value

25
20

0,041
1.60
12.5

Value
10,0
5700
7.7
o57

33
28

2100
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the cotton residue is assumed to be the same as for native pasture because
grasses are grown in association with cotton; the feed value of cotton and
the amount of forage and cotton actually grazed is not well known,

Land areas for which irrigation is feasible are assumed to be in
continuous cash cropping because of higher fertility and better water con-

ditions. The model assumes this to be annual cotton managed so that apy

crop residue is returned to the soil. The model also assumes that no

irrigation 1s presently practiced on the ranch in the model. Land for

which there is a potential for irrigation is assumed to have one alternative

to its present use, i.e., irrigated forage grass. Other alternatives are

beyond the scope of the model, This is for cash crop alternatives to the

present cash crops. The model is capable of handling alternatives to

forages for feed production under irrigation,
Since perennial cotton production is a relatively labor intensive

operation, it was decided that the alternative to perennial cotton should

also be labor intensive. Therefore sorghum became the sole alternative

to tree cotton.

The greatest portion of the land is untended, unimproved native

pasture. From this source will come the majority of the land to be

modernizeds, The first alternative is improved native pasture; that is,

native pasture which has been fenced off, debrushed, fertiliged, and

allowed to grow for one season without being pastured. This practice

allows the native annual grasses to become established and, through proper

grazing management, perform in much the same way as perennial grasses.
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Improved native pasture is the cheapest and also the least productive of
the alternatives to establish and tend.

The second alternmative is artificial pasture. The establishment and
cultural practices are the same as for improved native pasture except
perennial grasses are sown,

The third alternative 1s forage grasses. For the purposes of this
model elephant grass is chosen because it grows well as long as it is not
grazed. The establishment practices are similar to the first two alter-
natives with the added cost of cutting for silage several times in the
growing season,

The final alternative for native pasture is sorghum. Here the rele-
vant cultural practices are similar to forages except the cycle is one
or possibly two years rather than five., The labor requirement is there-
fore correspondingly higher.

The complete animal nutrition sector is shown in Figure II1I.

The level of mechanization is assumed to include horse-drawn imple-~
ments, hand-harvesting, and gasoline or diesel-operated stationary forage
choppers,

Table 111 shows the modernization and operating costs plus yields
for the land alternatives just discussed. These values alone do not show
the costs of operating the innovations for one year since all the acreage

in any innovation is not replanted every year.
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The Herd Management Sector

This sector is divided into three types of herdss Modern, Transi-
tional, and Traditional. The traditional herd is characterized by lower
birth rates, higher death rates and slower gain. The modern herd has
higher birth rates, lower death rates and faster gain. The transitional
herd is included in the management sector to account for the period of
time between placing the herd under modern management practices and
observing results approximating the modern herd. Because of this, the
transitional herd is defined to be receiving modern management and nutri-
tion but to be still producing at the traditional level, that is, on the
traditional birth and death rate curves. This measure is used as a proxy
for slow gain in productivity. The herd will receive the benefits of
nodern nutrition and therefore be more productive than the traditional
herd, but will not experience the much greater productivity of the modern
herd at the same nutritional level (see Chapter III).

Since the herd management decisions are in a sense independent of
the nutritional decisions, the decision with respect to the rate animals
come under modern management will be a parameter that is not influenced
by any other factor. One advantage of this is that for short duration
nutritional modernization projects, the herd management may be made to
precede the nutritional decision in such a way that as the increased TDN
becomes available, there will be increased productivity among the animal
population to take full advantage of the increased nutrition. It must

be recognized that this does not strictly conform to reality in that



improved nutrition and improved management will reinforce each other so
that the gains from both will probably be greater than either alone. How=-
ever, it is the object of this model to build in as much flexibility as
possible for the decision maker. The way the model is now constituted

the decision maker will be able to explore alternatives of his own creation
and not of the model maker. This desire for increased flexibility exacts
its price in that the model parameters and variables must be given care-
fully considered initial values and pre-balanced by the user to prevent
irrationality and unrealistic results from occurring as the simulation
cycle proceeds,

The herd management sector consists of inputs from the nutritional
sector, supplemental feeding, government-supplied veterinary services,
extension services and short run credit for one year duration in order
to pay for supplemental feeding. The outputs from the sector are meat
and milk or cheese depending upon the location of the herds The cattle
also provide additions or subtractions from the capital accumulation of
the owner depending upon whether the herd is increasing or decreasing.

The herd management sector is shown in Figure IV,

The Overall Model

There are four major policy variables that drive the system (Figure V).

These aret
1. Herd modernization policies concernings
a. The rate animals are to come under modern management techniques;
b. The level of supplemental feeding to be received by the

modern and traditionally managed animals,
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FIGURE V
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2. Sales policies with respect to modern, traditional, and transi-
tional herds concernings
a. The sex ratio the policy maker wishes to maintain;
b. The rate at which the herd size is to be changed;
ce The rate at which animals will be sold in accordance with
modern or traditional sales policies.37
3. Nutritional modernization concerning hectares and combinations ofs
ae. Sorghum
b. Forages
ce Improved native pasture
de. Irrigated forages
8. Artificial pasture
4, The management of the nutritional sector with respect tos
a. The rate at which land is to be reallocated among the
various alternatives;
b. The rate at which the various alternatives are to be
depreciated out and replaced;
ce The amount of storage necessary for the forages being
planted for silage.
The major parameters taken to be fixed with respect to decisions ares
1. The prices of products and inputs,
2. The rates of inflation,.
3. The costs of credit to the government assuming there is a degree

of subsidy from this activity.

3?There is only one sales policy with respect to the three herds con-
cerning nutritional levels to balance out the herd demands for feed.
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The interest rates both returns to alternative investments not
in the cattle sector and the cost of debt to the entrepreneur.
The wage rate.

The costs of government services not absorbed by the entrepreneur.
The technical input, labor, and output coefficients,

ma jor parameters which may be influenced by the decision maker

but not controlled by him as an on-going management decision ares

1.

2.

3.

The
1.
24
3.
b4,
Se
6.
7e
8.
9.
10,
11,
12.

The capital-labor ratios

By products of beef production whose returns are ylelded to the
firm, i.e., 8 decision between cheese and milk,

The initial matrix of land, modern and traditional nutrients,
and cattle production;

The level of irrigation initially being used.

ma jor outputs from the model in any time period ares

Cash profits per year

Cash returns to capital

Levels of employment of labor

Total capital accumulated

The size of the herd

The present value at time (t=0) of all returns

Total tax revenue

Total government costs

Private debt balance

Meat supplles

By product supplies

Quantity of cash crops supplied



CHAPTER III
THE DETAILED MODEL

Introduction

The modelling technique used in this thesis is essentially an eco=-

nomic=-engineering approach. An alternative technique to analyze a similar

problem was used by Dixon in his comparative budget studies of production
methods used in cattle breeding herds in the Argentine Pampa.38 The main
difference between Dixon's procedure and this one is that Dixon was able
to obtain enterprise combinations and input-output data from actual ranch
records for both modern and traditional practices. All data were obtained
from ranches with resources in a combination similar to the budgeted one.
In the present study this was not possible; instead, data were only avail=-

able from diverse sources. In this case the input-output data had to be

synthesized from these data. The attempt, then has been to meld informa-
tion from diverse sources into a meaningful structural framework approxi-
mating that of the beef enterprises found on ranches and farms in the
Northeast,

The engineering approach and its attendant building block concept
seems to lend themselves well to the required flexibility of a model
purported to be applicable in any given cattle enterprise in the region.

Also 1t was discovered early in the modelling phase that there were many

38; e Jo Go Dixon, "An Economic Analysis of Range Improvement in the
Cattle Breeding Area of Buenos Aires Province,"” (unpublished Ph.D. disser=-
tation, Michigan State University, 1969).

39
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points of correspondence in the way seemingly dissimilar computations could
be performed. This discovery made possible greater simplification of the
model structure than would otherwise have been possible.

The modelling procedure used was to select from whatever sources were
available the present combinations of land use, herd size, birth rates, and
death rates. These data came mainly from a budget study by Alan B, Dicker-
man who was at the time of the study a member of the University of Arizona
Project in Braz11.39 Alternatives to the present production process were
selected on the basis of (1) what was actually observed by the University
of Ceara personnel on the more progressive ranches and (2) what were
thought to be potentially useful innovations by these and other personnel.uo
The alternatives considered were restricted to the two major areas of study,
nutrition and herd management. Physical input-output relationships for
each alternative were then selected from whatever sources were available,
hence the building block concept. In some cases input-output relation=-
ships for one alternative had to be synthesized from more than one data
source. Where possible the input-output relationships once accepted were
confirmed in full or in part from additional sources. In certain cases
the differences between the accepted relationships and those to which they
were compared were sufficiently dissimilar to require serious reconstruction

of the relationships to resolve the differences as much as possible,

39D1ckernan, loc., cit.

“OKilpatrick. Faculty and Counterparts of Escola de Agronomia da
Universidade Federal de Ceara, Anderson, and Hanes,
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Input and output prices were determined from a third group of sources.
These plus fixed costs were then applied directly to the input-output
relationships to derive the resulting revenue-cost relationships,

The Demographic Subroutines The Determination of
Herd Size and Productivity

This subroutine is essentially the same as that incorporated in the
Nigerian Macro Model II.L"1 Here the entire subroutine will be described
and dissimilarities will be noted.

1 BR=TABLIE(VALB, SMALLB,DIFFB,KF,TDNA)

2 DR=TABLIE(VALD,SMALLD,DIFFD,KD,TDNA)

3 RB=PF*BR/(PF+PM)

31 ERP=RB-DR
32 ERPF=RB-DR*Cl4

Equations 1 and 2 are identical to Macro Model II. Equations 3 and
31 are equivalent to that found in Macro Model II and Equation 32 has
been added, The purpose of these equations is to determine the initial
unlagged birth and death rates wheres

BRs The percentage of females calving per year (% of PF),

DRt The percentage of the total population dying per year
(% of PF+PM),

TABLIE( VALB,SMALLB,DIFFB,KF,TDNA)s A table look up function in
which the computer essentially reads the BR value directly

from a graph (see Figures VI and VII).

“1Johnson, et ale, Op, cit., pp. 17 ff.




L2

On the graph TDNA is the independent argument and BR the
dependent argumen’t:.u2
RBs A dummy variable to redefine the births as a percentage of
the total herd.
PFs  Population of females (K a.nimals).b'3
PMs Population of males (K animals).
ERPs The unlagged extraction ratio of males. This is the per-
centage of excess births over deaths.
ERPF: Unlagged extractlion ratio of the females.
Cllts A parameter which allows for a differential death rate for
the :t'ena.les.“5
It is important to note the value C44 takes and in which equation
it is added. If used in equation 32 then it will have the net effect
of shifting the total death curve upward, thus causing distortion. If
used in equation 31, C44 would be less than one and would have the effect
of shifting the whole curve downward, again causing distortion., There-
fore, caution should be exercised when using this parameter so that its

value does not become too large (or too small). If DF is greater than DM

heRobert W. Llewellyn, Fordyne: An Industrial Dynamics Simulator
(Raleigh, North Carolinas Typing Service, 1965), DP. £23 ff.

43k jndicates thousands.

haﬂote that 3 and 31 would be combined in the Nigerian Model to form
the following equation: ERP=PF*BR/(PF+PM)-DR. This equation assumed that
the death rates of the males and females are identical which may not be
true. Therefore the model presented here separates the two and makes
allowances for separate death rates as was suggested by further work on
the Nigerian Model, Manetsch, loc, cit.

1*5Note that this parameter would be about 1.7 for the Nigerian Model.
Ibid.
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FIGURE VI

Traditional Birth and Death Rate Curves
BR DR

T VALL (1) = «06 VAL3 (1) = +55
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FIGURE VII

Modern Birth=Death Rate Curves
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by some large factor then a weighted average should be used in order to
average out the potential distortion. A more accurate but more time
consuming method would be to use separate death curves for males and
females,

Equations four through twelve determine the actual animals born per
year.

4 Al=BR*PF

5 A1P=A1P+(DT/.3)*(A1-A1P)

6 05000990s00000scns

10 A2=A2+(DT/BRDEL)*(A1-A2)

11 BF=,5*%A2

12 BM=BF

Als A variable which redefines the birth rate from a percentage

into a rate of animals. This is an unlagged variable (K
animals/year).

AlPs The proposed lagged birth rate in which it is explicitly
assumed that the current birth rate is a function of past
events (K animals/year).

Equations 6 through 9 determine the birth rate delay (BRDEL) of
equation 10, In this case if the long run proposed birth variable is
less than the unlagged current births then the birth rate delay will be
increased and vice versa,

A2: The actual lagged births in the current time period (K

animals/year).
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Equations eleven and twelve reflect the obvious fact that one half

the animals born will be females (BF) and one half males (BM). DT is the

basic time unit of the model one DT=,1 of a year.

The next series of equations compute the deaths of animals per year.

121 DRF=C44*DR46

13 A3=PF*DRF

14 DF=DF+(DT/D3)*(A3-DF)

15 Al=PM*DR

16 DM=DM+(DT /D4 )*( Al4-DM)

DRF1

A3s

DFs

Als

DM

The death rate of the females,

A dummy variable which redefines the unlagged female death
rate into an unlagged rate of animals (K animals/year).
The lagged current time period death rate. As in previous
equations this explicitly assumes that current death rates
are a function of past events.

Same as A3 but for males.

Same as DF but for males.

The following equations compute the extraction ratio for males and

females and augment the level of males and females.*7

17 ER=ER+(DT/D5)*(ERP-ER)

171 ERF=ERF+(DT/D5)*( ERPF-ERF)

46Notex

47Notet

Equation 121 does not exist in the Nigerian Model.

Equation 171 and statement 172 do not exist in the

Nigerian Model.
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172 IF(KKK.EQ.0.) GO TO 20

18 PF=PF+DT*(BF-DF-SF-RFT)

19 PM=PM+DT*(BM-DM-SM-RMT)

ERt

ERF's

IF(eeet

The lagged extraction ratio showing the current percentage of
males which may be extracted from a stable herd without
changing the herd size.

Same as ER but for females.

Population of females. Equation 18 is a level equation in
which SF (rate females are sold), DF, BF, and RFT (rate
females are transferred into or out of the herd) are rates
used to calculate the net change from the year at current
rates and the incremental addition for the herd is made

(K animals).

Population of the males, the argument is identical with that
above.

This statement 1s a switch function designed to omit equations
18 and 19 at this time for the transitional herd which will be

calculated elsewhere.

Equations 20, 21, and 22 compute the amount and gross returns from the

herd by=product if the herd is specialized in beef or the main product if

the herd 1s specialized in milk,

20 QM=PF*PFCA*YMA*TABLIE(VALS,1360.,1360,,1,TDNA)

21 QCH=QM*TCFFC

22 YC=QCH*PRC
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QM3
PFCAs
YMAs

TABLIE( oo

QCH:s

TCFFCs

YCs

PRCs
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The quantity of milk produced by the total herd (K kg/&r.).
The proportion of females lactating (%).

The average yield of milk per animal (kg).

Another table look up function where an upper 1limit of milk

is the dependent argument and TDNA is the independent argument.
A conversion variable which may be redefined as cheese or

left as milk, or some other milk product as desired (K kg/yr.).
A technical coefficient to convert rates of milk into rates

of some other milk product.

Total revenue from QCH (in K NCR$/yr.).

The price of QCH in NCR$ /kg.

The Cash Crop Subroutine (Subroutine Crop)

This subroutine is used in calculating revenues, costs, quantities

of output, and labor inputs for cash crops. As currently used in associ-

ation with perennial and annual cotton, it may be expanded to any number

of cash crops.

Equations 1, 2, 3, and 42 compute the total quantity of the crop

produced per year, the gross return, tax return, and sharecroppers' share.

1 TOTC=HECT*YIELD

2 A=TOTC*PRICE*EXP(RFFP*TDT)

3 B=A*TAX

42 C=(A-B)*SHAR

TOTCs

HECT'13

The total quantity of the cash crop produced (K kg/yr.).

The amount of land in the crop (K ha).
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The average yield of the crop (Kg/ha=yr.)
This is a constant value and therefore is the long run average.
Gross return from the crop (K NCR$/yre.).

Price of the crop (NCR$/kge)e

EXP(RFFP*TDT)s This is an exponential function defined to be equivalent

Bs
TAXs
Cs

SHARs

to elt where RFFP is the rate of inflation of farm products
(in general) and TDT is time defined in tenths of years.
In every iteration of the model, TDT is augmented by DT,
i.e, TDT=TDT+DT, Initially, TDT is set to zero. This
formulation allows the model to compound the inflation
through time. Note also by changing RFFP relative to
other inflationary parameters, the model user is able to
change classes and/or specific r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>