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ABSTRACT
 

A SIMULATION ANALYSIS OF POLICIES FOR THE
 
NORTHERN COLOMBIA BEEF CATTLE INDUSTRY
 

By
 

Alvaro Posada
 

The Atlantic Coast of northern Colombia (known as the
 

Costa) supports between 40 and 50 percent of Colombia's cattle
 

population and, with easy access to domestic and world markets,
 

is the most important of Colombia's five beef-producing regions.
 

Because cattle raising is the main economic activity in the
 

Costa and is an extensive operation with low technical
 

efficiency, the region has been a priority target for cattle
 

development programs. In the mid-1960s, with the financial
 

and technical assistance of several international agencies,
 

the Colombian government started a cattle development program
 

aimed at increasing beef production mainly on the Atlantic
 

Coast. In the early 1970s this program was reinforced with
 

a disease control program and then revised and issued as a
 

national cattle development plan. The main instruments of
 

this plan are credit, technical assistance, export subsidies
 

and improved marketing and slaughtering facilities. Its
 

long-term objectives are to increase the protein supply to
 

the Colombian population and to generate foreign exchange
 

earnings.
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The primary purpose of this study was to, develop a
 

system simulation model to (1) analyze the effects of production
 

incentives on the decision of farmers to adopt new production
 

methods,, and (2) estimate the effects of the expanded regional
 

producti'on on the income of farmers, government revenues,
 

Colombian beef consumption and sustained level of exports.
 

Four alternatives to traditional production were considered.
 

Alternative 1 considered the improvement of native and artificial
 

grasses; alternative 2 considered the improvement of artificial
 

grasses and the substitution of artificial for native grasses;
 

alternatives 3 and 4 added theproduction of forages and silage
 

to the improvement of range lands in alternatives 1 and 2 re

spectively. At the present stage of the study, however,
 

alternative 2 was the only one comprehensively tested and used
 

as a base run for policy experimentation. The cattle system
 

simulation model has five major components (including a cattle
 

demography model) which (1) allocate land use according to
 

the farmer's perceived profitabilities of cattle and crops
 

subject to land and capital constraints; (2) calculate yield
 

and output of cattle and crops and their respective producer
 

and market prices; (3) provide the instrumental linkages for
 

government revenue, export trade policies, and production
 

campaign policies; and (4) generate the performance criteria
 

necessary to evaluate the impacts of alternative programs on
 

the cattle economy through time.
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The five major sets of assumptions investigated were
 

(1) disease controlin-the traditional herd, (2) alternative
 

cattle industry taxing policies, (3) alternative development
 

credit policies, (4) alternative levels of government production
 

campaign promotion, and (5) alternative cattle pricing and
 

export policies. The results of the cattle policy experiments
 

were discussed in terms of the projected time paths (from 1966
 

to 1985) of five of the most important performance indices
 

incorporated in the model: (1) regional cattle population,
 

(2) Colombian beef consumption per capita, (3) regional farm
 

income from cattle, (4) capitalized grazing land value per
 

hectare, and (5) annual regional government revenue from
 

cattle. Experiments with disease control and export promo

tion policies each used two indices instead of the above
 

five: regional cattle population and extraction ratio for
 

the disease control policies and domestic market price of
 

finished males and export margin for the export policies.
 

In general, the study demonstrated that (1) the
 

projected outcomes with the government disease control
 

campaign were greater than under precampaign practices in
 

the traditional herd; (2) the projected outcomes with
 

government programs easing development loan terms were in
 

all cases greater than the base run which assumed current
 

credit policies; (3) the projected area in improved land and
 

the modern cattle population with government policies benefit

ing both the traditional and modern operations were in all
 

cases lower than under policies benefiting only the modern
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operation; (4) the projected area in improved land with the
 

increased land tax rate was greater than the babe run which
 

assumed current land tax rates; (5) the projected outcomes
 

with the removal of special taxes on cattle were lower than
 

the base run which assumed no removal of these taxes; (6)
 

given the assumptions on farmers' decisions and accounting
 

mechanisms in the model, availability of credit for land
 

improvement does not seem to be a serious constraint to
 

land modernization; and (7) the projected outcomes with a
 

flexible exchange rate suggest that this is an effective
 

incentive to export without involving large transfers from
 

public revenues to exporters in the form of subsidies.
 

The study indicated areas where more research and
 

regional data are needed to improve the model's performance,
 

and discussed possible extensions that could help analyze more
 

fully alternative policy strategies for the Costa's overall
 

development. Finally, the study demonstrated that the system
 

simulation approach with a computerized model of the cattle
 

economy which incorporated information from diverse sources
 

and accounted explicitly for the dynamic interactions and
 

feedbacks that might occur can be a very useful methodological
 

tool for policy analysis.
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PART I 

INTRODUCTION
 

The Problem
 

Although planning for development has been practiced
 

in Colombia for over thirty years, it has played a small role
 

in the preparation of economic policy, and the various plans
 

have been conceived more as political than as economic
 

documents.
 

Plans have been criticized as being essentially tech

nocratic exercises; the general public has contributed little
 

to plan objectives and serious intention to implement has
 

been lacking. As a consequence, development plans have en

joyed minimal general support and have had little or no
 

effect on changing the country's economic, social and polit

ical structures [26].
 

The general systems simulation technique, with its
 

special approach to analyzing the problems of development,
 

could be helpful in solving the issues of feasibility, credi

bility, and general acceptance of the planning exercise.
 

Yet its effectiveness as a tool for development will depend
 

on the will of Colombian authorities to provide the necessary
 

financial and institutional support for fulfillment of the
 

plan's goals.
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In Part I, Chapter 1 discusses the scope and proce

dlure of the study an(] br iefly outlines the "t:y:stimo.;pp;'oaclh" 

used. Chapter 2 is a brief descriptive account of Colombian 

beef production, distribution and consumption that will help 

clarify the problems of the cattle industry. Chapter 3 de

scribes the region studied and the characteristics of its 

agricultural production. Chapter 4 discusses the modeling
 

specifications and procedure.
 

Part II details the Northern or Costa model. Chapters
 

5 through 9 cover the land allocation and modernization de

cisions component, the agricultural production component,
 

the price generation component, policy entry points and the
 

criteria and general accounting component.
 

Part III looks at testing and validation procedures
 

and results. Chapter 10 discusses data needs and the processes
 

of tuning the model to track time series of recorded behavior.
 

The results and implications of sensitivity tests on model
 

parameters are presented in Chapter 11.
 

Part IV discusses policy applications of the model,
 

conclusions and areas for further work. Chapter 12 presents
 

the results and analyses of runs experimenting with various
 

cattle development policy options. Experiments include an
 

investigation of the sensitivity of policy results to changes
 

in certain parameter values. Finally, Chapter 13 presents
 

summary and conclusions, and outlines areas for further work
 

in refining, improving and extending the model.



CHAPTER 1
 

SCOPE AND NATURE OF STUDY
 

Agriculture in the Colombian Economy
 

Although agriculture is Colombia's main economic
 

activity, its rate of growth during the last two decades has
 

been lower than that of the gross domestic product (GDP).
 

In 1969 it contributed 30 percent of GDP but its share in
 

the national output has been declining as industrialization
 

has proceeded. Nevertheless, agriculture continues to be
 

the main source of employment with over half the Colombian
 

people directly depending on it for their living.
 

Within the agricultural sector, livestock production
 

occupies about 87 percent of all agricultural land, account

ing for about one-third of agricultural output, or approximately
 

10 percent of GDP. Beef is the primary product.
 

But despite the agricultural industry's importance,
 

the production of basic food crops has barely kept pace
 

with a 3 percent population growth rate. Cattle slaughter
 

per 1000 inhabitants has been declining since 1950.
 

Colombia's economic growth has been responsive to
 

changes in the performance of the export sector and this
 

has been dominated by agricultural exports which accounted
 

for 78 percent of total foreign earnings Ln 1970. Whfle
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Scoffee 'rhas remained the country '.s,mdJor-,export,,ii.ts share
 

of the'total value of exports has declined from 72 percent 

in 196V0to'61 percent in'1970. As'aproportion.'of all agri

culturalexports it has, declined 'from.over 90 percent prior
 

.to 1965 to 75 percent in 1969 [41]. But 'Colombia's dependence
 

on agr&icultural exports which have,.unstable world markets
 

(e.g., :coffee, bananas, sugar and cotton) hasundesirable
 

disequilibrating effects which Jeopardize development efforts
 

and create the necessity of"finding new sources of foreign
 

revenues. The development of the beef industry, for which
 

the outlook in world markets.is considered brilliant, will
 

accomplish the aims of increasing the domestic-,supply of pro

tein for an improved diet and df helping remove both the for

eign-exchange and instability constraints.
 

-Yet in order to fully.exploit the natural comparative
 

advantqge Colombia has for cattle'raising and.make.it a lead

ing industry that'is competitive.in world markets, a.great
 

effort.has to be made to overcome the traditionalism that
 

has characterized the industry and to supply ihe necessary
 

inputs for modernization.
 

In recent years the Colombian.government has,revised
 

its policies toward the cattle industry and reoriented them
 

toward the attainment of increased beef production. These
 

policies have been associated with credit and technical
 

assistance, disease control, land ownership rights, taxation
 

and export subsidies.
 

http:competitive.in
http:and.make.it
http:markets.is
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The Colombian government has given priority in the
 

cattle development program to the Atlantic plain of Northern
 

Colombia because of that region's favorable natural condi

tions, its accessibility to domestic and foreign markets, and
 

the fact that it has the largest share of the country's cattle
 

,population. This also supports the decision to focus the
 

present study in this geographical region.
 

Need for This Study
 

Since cattle production is not merely an important
 

economic activity but the only practical use for millions of
 

hectares of agricultural land not suitable for crop produc

tion because of soil conditions, climate, floodings and/or
 

distance from markets, its performance is and will be an
 

important factor in the success of Colombia's efforts to
 

foster sound economic growth in agriculture.
 

Because of its size, probably future demands for its
 

products and the need for improved operation, the Atlantic
 

plain beef production system's performance has had and will
 

have a significant impact on Colombia's agricultural economy.
 

Several studies have been done on various aspects
 

of the Colombian beef production and distribution systems.
 

General descriptions of the industry and analyses of current
 

and proposed policies have been done by Riley [61], the Food
 

and Agriculture Organization (FAO) [66], the Caja Agraria
 

[6], the World Bank [42) and the Instituto Colombiano
 

Agropecuario [31). Pr'oduction problems and projections have
 

been recently analyzed by Henning [29], Von Oven [60), and
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[5] attempted to make production pro-
Atkinson [671. Bowser 

jections by regions and establish surplus and deficit areas 

under two systems of rnmanagernent. Daines [68] 1-1 attempting 

to incorporate the cattle subsector into a broader sector 

analysis of Colombian agriculture.
 

More specialized studies on diseases and reproduction
 

problems have been done by the Instituto Colombiano Agropecuario
 

(ICA) and Gomez, respectively [31, 24]. Slaughte irt, market

ing and opportunities for exporting have been studicd 1y
 

Anderson [2], Booz, Allen and Hamilton [4], Secretaria de
 

Agricultura de Antioquia [64], and Garcia Samper [23].
 

Profitability studies have been done by the World
 

Bank [42, 43], Federacion Colombiana de Ganaderos (FEDEGAN)
 

[20], and Instituto Colombiano de la Reforma Agraria (INCORA)
 

[34]. More recently, the Centro Internacional de AgrJcultura
 

Tropical (CIAT) [91 made a survey of the cattle industry in
 

Northern Colombia in an attempt to gather basic information
 

and identify specific problems which are in need of further
 

research.
 

These have mostly been descriptive studies, and when
 

projections are included they are trend-like, straight forward,
 

algebraic estimates. The credibility of these estimates has
 

always been questioned because of their reliance on tiILC

series data which deserve a low degree of confidence. Yet
 

they have served the purpose of providing background informa

tion about the cattle industry and a basis, though weak, for
 

planning its development. But except for the Bowser, FEDEGAN,
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and the CIAT studies, no attempt has been made to place the 

cattle industry in a regional context and assess the effect 

through time of alternative strategies of development on the 

attainment of a multiplicity of objectives such as employ

ment, farm income, government revenues, foreign exchange 

earnings, and others without neglecting the interactions with 

other subsectors of the agricultural economy. 

This di-tertation Is an attempt to Integrate the 

available information Into a computerized model that will 

provide the policy maker with a more informed basl.,; for 

planning devolopment strategles for the Colombian beef pro

duction system on the basls of the learntng experience from 

the Northern region. The basic parameters and structural 

relationships estimated in this study can be utilized in the 

future for modellng the cattle Industry in other Colombian 

regions, and/or for developing a broader regional model of 

Northern Colombia. 

This study has gained from experience with other 

simrelators of cattle population and related activities 

developed for Nigeria, Korea, Northeast Brazil and Venezuela 

(53, 62, 51, 55]. The cattle population simulator developed 

by the World Bank [1:31 also has provided an invaluable 

experience. 

0eneral Syst ms Simulation Approach as a Tool for 

1r(_1 T1liy Ar'nlysi27. 

III i'eceu t, y(v:irll l, i hasv Itlt an Incy-vaoI ,iigvvi: Ilte(rc'nt, 

in the utilization of the nystema approach for analyzing
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complex developmental problems. Computerisod techniques 

have ,,lpod automate the hand calculation prOCtoss and expand 

the range of alternatives which can be examined. Policy 

makers and researchers have been placing more confidence 

and credibility on the general system simulation technique 

as its methodology and approaches for development have been 

better understood and developed [25, 46, 471. Public and 

private decision makers have been presented with an approach 

that attempts to build a general model to trace the conse

quences through time of following alternative courses of 

action based on at least as wide a range of kinds and sources 

of data and information as decision makers use without
 

specializing in any one technique to the exclusion of tech

niques frequently used by decision makers. In addition, the
 

approach carefully avoids premature application of maximiza

tion techniques in situations where decision makers realize
 

that the multiplicity of goods sought and bads avoided has
 

not yet been reduced to a common denominator. These charac

teristics make the generalized, systems-science simulation
 

approach very similar, though more comprehensive and complex,
 

to the descriptive and paper-and-pencil and desk-calculator
 

projections which have maintained a high level of credibility
 

among decision makers [47].
 

Researchers have been provided with a technique for
 

analyzing the problems of development without the method

ological and theoretical restrictions of more specialized
 

techniques such as simultaneous equilibrium equations,
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,linear programming.(LP), benefit/cost ratio,.analyses,,
 

internal rate of return analyses, etc l-/ And as new con

cepts and experiences regarding the formulation and imple

mentation of systems approaches have evolved, many of the
 

early objections of statisticians concerning the reliability
 

of the estimates of parameters, criterion variables, and
 

prescriptions by users of the systems analysis are being
 

dissipated. The analogy between the general systems analysis
 

simulation approach and the Bayesian.approach to inference
 

has been demonstrated by Ladipo £50], and Johnson [47, 49]
 

has analyzed repeatedly the possibility of empirically vali

dating and verifying the normative concepts involved in
 

-simulation models.
 

Econometric methods with probabilistically estimated
 

parameters rely heavily on time-seriesand cross-sectional
 

data not always available in developing countries. These
 

techniques also tend to be specialized on linear equations
 

and behavioral assumptions involving maximization in accor

dance with neoclassical theories of the firm and household;
 

the economic forces that link the various components of an
 

economy are assumed to be self-equilibrating as a consequence
 

of the maximizing activities for entrepreneurs and consumers.
 

However, the validity of these two assumptions has,-been chal

lenged where the findings of these kinds of studies were to
 

-/For a more detailed discussion of various special
ized techniques see Manetsch, et al., [53]. For particular 
applications to the Nigerian cocoa industry see Chong [10]. 
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be used for policy analysis and prescriptions [53]. These
 

and other methodological difficulties often result in less
 

reliable parameter estimates than available from alternative
 

kinds and sources of data and information with less sophisti

cated estimation and approximation techniques.
 

Linear programming and benefit/cost ratios and
 

internal rates of return are other specialized techniques
 

which have gained considerable prominence in recent years.
 

LP is always used in an optimizing mode in solving the prob

lems of resource allocation and policy analysis. The other
 

two techniques have been used more for project analysis than
 

for analyzing alternative policies and programs. Basically,
 

all these techniques suffer from a need for a common denomi

nator among the goods being sought and the bads being avoided.
 

Moreover, the approach is quite mechanistic and may not allow
 

rigorous analysis or interaction between researchers and
 

policy makers needed for a better understanding and improv

ing of the system.
 

A consideration of the distinctive'attributes of the
 

various approaches employed for studying development alter

natives in a variety of less developed settings has led to
 

the present proposal to use the system simulation approach
 

as a tool for development planning and policy analysis of the
 

cattle industry in Northern Colombia.
 

The general systems simulation approach, following
 

the principles of the scientific method and problem-solving
 

research, is viewed as an iterative problem-solving process
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that includes problem formulation, mathematical modeling,
 

refinement and testing of a computerized approximation of
 

the mathematical model, and creative design and execution of
 

simulation experiments intended to provide answers to the
 

questions being asked by the decision makers involved.§/
 

The general system simulation approach has been
 

specially applicable for solving many of the problems of
 

economic development which do not meet the requirements for
 

applying the simple maximizing computations of static pro

duction, consumption and welfare economics. As decision
 

makers seek so many different goods and avoid so many dif

ferent bads in developing the economy, it is very difficult
 

for them or anyone to find a common denominator to be maxi

mized or minimized. Problems of ordering and imperfect
 

knowledge about future consequences of present actions com

plicate the circumstances in which decisions are made. Yet
 

reaching prescriptive conclusions to solve development prob

lems requires development of positive and normative knowledge.
 

The methodology used in the general system simulation approach
 

allows the system analyst to maintain a philosophic orienta

tion sufficiently flexible to permit analysis of questions
 

involving both the normative and the nonnormative values
 

always present when considering the goals of economic development.
 

!/For more detailed discussion of the philosophy and 
methodology of the general system simulation approach for. 
problem-solving research, see Manetsch et al., [531, Abkin 
F1, and Rosir ller et a] ., [62]. 
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There are four distinguishing features of the general
 

system simulation approach particularly useful for the policy
 

a
analysis of the Colombian beef economy. First, it is 


generalized approach which makes use of a wide range of
 

primary and secondary Informatici from many sources Includ

ing surveys, government records, experiments, business
 

records, qualitative judgments and insights of subject matter
 

experts, and descriptive work about the beef indust.-y from
 

various disciplines. Also a wide variety of specialized
 

techniques are used from econometrics, linear programning,
 

partial budget, project analysis, etc. Since the research
 

and model-buildlng process is Iterative and flexible, new
 

information can be incorporated easily as it becomes avail

able, and the structure of the model modified accordingly.
 

Second, the system approach can Incorporate many
 

types of functional relationships Into the model to closely
 

reflect the current or potential real system. These include
 

dynamic interactions, curvilinearittes, discontinuities,
 

time lags, probabilities and irreversibIlitles.
 

Third, the approach does not have to assume (but does 

not preclude) any profit or utility maximizing producers 

and consumers, or any welf-equilibrating economic adjust

ments. Tt does not necessarily Involvo n unique set of 

optimOzIng solutions based upon a common oljectivr or a pre

determined singular goal, which does not exist in reality. 

In contrast, the approach is more guided by the problem 

under investigation. 
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Fourth, the system simulation approach provides an
 

experimental setting for exploring the consequences of a
 

wide range of alternative plans or ranaerent strategies
 

that ultimately will assist policy rakers in determining
 

the best course of action. Decision makers may be shown the
 

consequences of alternative courses of action in terms of
 

what goods or bads will be received by or imposed upon groups
 

of peoplc, when, and in what quantities. After such projec

tions are available, Interaction among lnvostigators and 

policy makers will lead to a better understanding of the
 

trade-offs among the numerous goods and bads involved in
 

the sol'ition of the problem. Developing, extendinr and
 

refining knowledge on the various goods and bads and learn

ing about the trade-.offs Is a way of solving the problem of 

finding an interpersonally valid common denominator. As 

stated earlier, this problem has contested the usefulness of 

the approach used by some quantitative techniques of analysis 

in examiningP the problems of economic development. 

Further, in the Iterative process, decision makers 

and investigators can work Interactively to solve the remain

ing two major thsoretJcal difficulties found in the analysis 

of developm,,nt when using some other problem-solving tech

niques. F!r-t, the sequence in which different action pro

grams should be undertaken can be established, thus resolv

ing the p'ol)lem of how progranm, and projects (actions) can 

be ranked. Then, when consequences of alternative decision 

rulen can be projected and studied, it i,,;possible to develop
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a basis for choosing the best rule among the alternative
 

courses of action being considered. This Solves the planners'
 

problem of choosing a decision-making rule, especially under
 

conditions of imperfect knowledge and uncertainty.
 

Purpose and Objectives
 

The purpose of this thesis is to develop a model to
 

help evaluate policy decisions that might be made in expand

ing the production of beef in Northern Colombia through
 

time. More specifically, the objectives are:
 

1) To develop a credible simulator that could
 
eventually be extended to other beef produc
ing regions and be further integrated into a
 
national model.
 

2) To use the simulator
 

a) to analyze the effect of new production
 
methods on the output of cattle;
 

b) to analyze the effect of production
 
incentives on the decision of farmers
 
to adopt the new methods;
 

c) to estimate the effect of the expanded
 
regional production on the income of
 
farmers, government revenues, domestic
 
beef consumption and sustained level of
 
exports.
 

The procedures used in meeting these objectives will
 

be discussed in Chapter 4.
 



CHAPTER 2
 

A GENERAL DESCRIPTION OF THE COLOMBIAN CATTLE INDUSTRY
 

The characteristics of cattle raising in Colombia
 

described in this chapter will help in understanding the
 

multiple problems affecting the industry.
 

Stock farming in Colombia is carried on in a variety
 

of climates and ecological zones that give rise to a wide
 

range of problems which limit beef yields and supply. The
 

principal limiting factors are the heavy incidence of animal
 

diseases, malnutrition, deficient marketing and slaughtering
 

systems. Besides the technical factors, government decisions
 

that affect the political, social, and economic environment
 

also have a major effect on the industry's behavior.
 

Size and Location of Cattle Industry
 

Of the 114 million hectares in Colombia, only about
 

40 million are suitable for crop and livestock production;
 

the remainder is under forest or is wasteland. Cropland 

occupies approximately 5 million hectares, which leaves 35 

million hectares under livestock. Even if crop acreage 

increases at 7 percent per annum during this decade, which 

would be very rapid growth, there still would be 30 lIllon 

hectares In 1.080 with no practJcal alternative use but grax

ing. The nation has the choice of producing cattle on this 
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are the only scarce inputs used by the livestock subsector;
 

thus cattle production is not currently a competitor with
 

crops for scarce land.
 

Although statistical data are not extremely reliable,
 

Colombia supports about 20 million head'of cattle, including
 

slightly more than 17 million beef animals. The rate of
 

increase in cattle numbers has been low, about 2 percent per
 

annum over the period 1950 to 1969. Since 1956, the rate
 

has been close to 3 percent [41]. Although Table I.1 shows
 

that herd numbers increased at about 4 percent per annum
 

over the period 1965 to 1969, ICA [311 has projected an
 

average rate of growth of 3 percent annually for the next
 

five years.
 

The majority of beef cattle are maintained in tropical
 

zones which have been divided into five clearly differentiated
 

producing areas (Figure I.i).

1) The Atlantic Coast at an altitude of between
 
0 and 500 meters includes Cordoba, Bolivar,
 
Atlantico, Sucre, Cesar, Magdalena, Guajira,
 
and Northern Antioquia. Average temperature
 
exceeds 240C and annual rainfall varies between
 
250 mm and about 2000 mm. Cattle population
 
is approximately 7.6 million head and area in
 
pasture 9.7 million hectares.._/
 

l/Max F. Bowser, "Prerequisitos y Potencial para la
 
Exportacion de Came en Colombia en la Decada de 1970,"
 
Agricultura Tropical, XXV (Bogota, Nov., 1969), 679.
 

./Cattle population and area in pasture for regions 1,
 
2, and 3 are taken from Caja Agraria [6]; for region 4I, from
 
Bowser, ibid., 684; and for region 5 from ICA [31].
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2) The Central and Upper Magdalena Valley at an
 
altitude of less than 1000 meters includes
 
Central and Southern Antioqula, Eastern
 
Caldas, Tolima, Huila, the Santanderes, Central
 
and Western Boyaca and Cundinamarca. Average
 
temperature exceeds 241C and average rainfall
 
varies between 2000 and 4000 mm. Cattle popu
lation is approximately 4.3 million head and
 
area in pasture is 5.6 million hectares.
 

3) The Cauca Valley at an altitude of less than
 
1100 meters includes Valle, Cauca, and parts
 
of Caldas, Risaralda and Quindio. Average
 
temperature exceeds 240C and annual rainfall.
 

varies between 1000 and 2000 mm. Cattle popu
lation is approximately 1.25 million head and
 
area in pasture is 1.2 million hectares.
 

4) The eastern plains at an altitude between 500
 
and 1000 meters include Meta, Eastern Cundinamarca,
 
Eastern Boyaca (Casanare), Arauca, Vichada and
 
Guainia. Average temperature exceeds 24 0C
 
and annual rainfall varies between 2000 and 4000
 

mm. Cattle population is approximately 1.5
 
million head and area in pasture is 16 million
 
hectares.
 

5) The South, at an altitude of less than 1000
 
meters includes South Eastern Narifo, Caqueta,
 
Putumayo, Amazonas and Vaupes. Average tem
perature exceds 240C and annual rainfall varies
 
between 1000 mm and 4000 mm. Cattle population
 
is approximately .69 million head and area in
 
pasture is 3.5 million hectares.
 

Production and Marketing Systems
 

Cattle production in Colombia is an extensive opera

tion depending almost exclusively upon pastures as a source
 

of feed inputs. Limited amounts of feed concentrates are
 

being used in the more intensive dairy operations, and there
 

are a few cases of confined feeding of steers.
 

For the nation as a whole, the average carrying
 

capacity is about 0.57 head per hectare, but there are wide
 

diffei'nces7 capacity among the various clas es of pastures
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TABLE I.1. 	 Cattle Numbers in the National Herd and Export
 
of Live Animals, 1960-74. (1000 head)
 

No. of Change in Registered
 
Year Cattle Inventory Exports
 

19602/ 15,329 529.0
 
1961 15,679 350.0
 
1962 15,979 300.0
 
1963 16,279 300.0
 

-
1964 16,584 305.0 3-1

1965 16,882 298.0 76.0
 
1966 17,372 490.0 58.4
 
1967 18,082 710.0 19.8
 
1968 18,830 748.0 19.1
 
1969 19,576 746.0 58.3
 
1970-/ 19,742 166.0 125.8
 
1971 20,334 592.0 191.7
 
1972 20,994 660.0 245-0O-/
 
1973 21,573 579.0 282.0
 
1974 22,328 755.0 329.0
 

a/ 	Cattle inventories between 1960 and 1969 are from World
 

Bank Report 	[42].
 

b/ Exports 	between 1964 and 1971 are' froM'Sarmiento [63].
 

a/ 	Cattle inventories between 1970 and 1974 are projections
 
by ICA [31).
 

d/ 	Exports between 1972 and 1974 are low target projections
 
by Instituto de Comercio Exterior, INCOMEX [35].
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and regions. The artificial pastures which make up about
 

[61, 66]
6ne-third to two-fifths of the total pasture area 


have the greatest carrying capacity: about 2.0 to 2.5 head
 

per hectare under good management. These pastures have a
 

carrying capacity 3.5 to 4.5 times greater than that of
 

natural pastures.
 

The highest stocking rates are in the Costa depart

'ments: 1.35 to 1.45 head per hectare; some of the lowest
 

rates are in the Eastern Plains (Los Llanos) where a breeding
 

cow and her calf are carried on up to 10 hectares. In the
 

Magdalena and Cauca Valley regions the stocking rate varies
 

from 0.74 head to 1.00 head per hectare.
 

The national beef herd has been derived from "Criollo"
 

breeds which still account for approximately 20 percent of
 

-'the total. The remainder have been upgraded from "Criollo"
 

by Cebu (mostly U. S. type Brahma) for up to three or four
 

generations. The hybrid vigor of the first crosses and the
 

adaptability of the Cebu to tropical conditions contributed
 

to the popularity of this breeding practice.
 

The size of producing units varies widely although
 

accurate statistics on herd size distribution do not exist.
 

Large units exist in the Atlantic Coast, Eastern Plains and
 

South regions while in the mountain areas of Central Colombia
 

there are many small units with less than 10 head of cattle
 

per farm. Sixteen departments surveyed by the Departamento
 

Administrativo Nacional de Estadistica (DANE) [14] in 1960
 

had 98 percent of the cattle in herds of less than 200 head.
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As various measures of productivity show, the
 

technical efficiency of the Colombian cattle industry is
 

low. The "extraction rate," which is the proportion of the
 

cattle inventory extracted for domestic slaughter and ex

portation, is approximately 13 percent annually. This extrac

tion rate compares with 40 percent in the United States, 29
 

percent in Australia and 24 percent in Argentina.
 

The calving rate (number of calves born as a percent
 

of females of breeding age) is undoubtedly very low. The
 

estimates of the national average calving rate range from 50
 

to 70 percent as compared to 80 to 90 percent in countries
 

with well-developed cattle industries.
 

Death losses are relatively high, averaging at least
 

8 percent a year for all cattle. Losses are greatest among
 

calves where mortality rates are often 20 to 30 percent or
 

more during the first few months after the calves are born.
 

The average growth rate is very low; slaughter age
 

is about 4 years, although some of the better growers now
 

market steers at 3 years of age. This is still high compared
 

to the average marketing age of 1.5 to 3 years common for
 

slaughter steers in the United States. Steers from La Costa
 

are slaughtered at about 450 kg. live weight while Los Llanos
 

steers average 390 kg.
 

Yield per animal slaughtered, in relation to the live
 

weight of the animal, is barely 50 percent, as compared with
 

58,to 60,percent in countries where types specially bred for
 

the production of beef are prevalent. Beef yields per hectare
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and per animal are also low when compared with other countries.
 

Von Oven [601, reported live weight yields per hectare of 62
 

and 11 kilograms for the Costa and Eastern Plains, respectively,
 

as compared with 90 kilograms for the Buenos Aires province in
 

Argentina. Live weight yields per animal unit were 83, 40 and
 

117 kilograms for the Costa, the Easter Plains and the Buenos
 

Aires province, respectively.
 

Mortality and performance at all stages of growth are
 

affected materially by inadequate health control measures.
 

Major diseases or parasites which cause mortality or losses
 

through the falling-off in production among the animals
 

affected are endemic foot-and-mouth (types A and 0), rabies,
 

anthrax, brucellosis, septaecemia, ticks and tick-born fevers,
 

black leg, screw worms, and a great variety of internal
 

parasites. Although effective control measures that could
 

be applied in Colombia exist for most of these diseases,
 

treatments are not a common practice.
 

Since it first appeared in Colombia in 1950, foot-and

mouth disease has caused significant losses that have been
 

estimated by the Instituto Colombiano Agropecaurio--ICA-

at Ps. 332 million annually [13]. These losses are produced
 

by death, reduced weight, retarded maturity, reduced milk
 

production, and culled animals because of severe health
 

injuries. Furthermore, foot-and-mouth disease constitutes
 

an obstacle to trade between affected and immune areas, and
 

precludes livestock and meat exports to countries which are
 

free from the disease or on the way to eradicating it.
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Brucellosis, or infectious abortion, is next to foot

and-mouth, among infectious and/or contagious diseases, in
 

causing the heaviest livestock losses. Brucellosis affects
 

about one-fifth of the cow population (1,136,000 head), and
 

about 2 percent of the stud bulls (9,600 head) [31]. Losses
 

in 1967 were estimated at Ps. 177.5 million and consisted of
 

some 136,000 miscarriages, permanent sterility in about 22,700
 

cows, impossibility of using 9,600 sick bulls, deaths of
 

about. 5,500 cows, and permanent loss of milk in the affected
 

cows. 

Losses due to parasites are probably equal to or
 

greater than estimated losses due to disease. In many
 

instances an animal may be sufficiently weakened by parasites
 

to readily succumb to identifiable diseases. The incidence
 

of internal parasitosis is enormous, especially among calves;
 

losses may run as high as 15 to 25 percent. External para

sitosis is a disease almost entirely confined to animals
 

in the subtropical and tropical zones, where it affects 75
 

percent of the stock. External parasites cause heavy losses
 

by retarding growth, raising the mortality index and damag

ing the hides.
 

Cattle production and yields are also limited by
 

problems of nutrition. Seasonal fodder shortages coupled
 

with deficiencies of minerals and vitamins lead to the
 

diminution of milk and beef yields, to retarded growth and
 

to death in some cases. Furthermore, the reproductive
 

functions are affected, sometimes so seriously that the
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animals become infertile or fecundity is reduced; and this
 

in turn greatly lowers the birth rate. Gomez [24] reported
 

up to 20 percent of cows between 2 and over 10 years of age
 

as having permanent infertility, with trophic problems
 

(associated with nutrition) as responsible for 85 percent
 

of the cases.
 

In addition to seasonal shortages, forage production
 

is aggravated by the underdiversification of pastures and
 

the absence of satisfactory rotation practices. Little
 

attention is devoted to the management and care of pastures
 

and they often deteriorate greatly.
 

Obsolete and even primitive practices which prevail
 

in many stock farming activities are responsible for the
 

majority of drawbacks and deficiencies found in cattle pro

duction. Most stock farmers are slow to adopt new techniques,
 

and absenteeism on the part of landowners aggravates herd
 

mismanagement and intensifies the managers' and herdsmens'
 

tendencies to stick to traditional routine practices.
 

But husbandry deficiencies are not the only example
 

of poor management. Most ranchers do not keep accounting
 

and production records and have scanty, imperfect knowledge
 

of supply and demand trends as well as of the market situation.
 

Defective management and extensive methods offer
 

few opportunities for employment and higher salaries. Labor
 

intensity in cattle production is 3 man-days per head-year
 

or 1.71 man-days per hectare-year as compared with 50 to
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65 man-days per hectare-year for most annual crops and with
 

120 to 300 for most vegetable and fruit crops [69].
 

Daines [70] gives another measure of the low labor
 

intensity and high investment requirements to generate new
 

employment in livestock. In livestock" labor is 1.0 to 4.3
 

percent of total costs as compared with 20 to 68 percent for
 

most crops. And it takes from 6,300 to 26,255 dollars of
 

investment to generate a new direct man-year of erployment
 

in livestock as compared with 300 to 3,270 dollars for most
 

crops.
 

The failure of the supply of livestock commodities
 

to react to the high demand elasticity by which they are
 

characterized is attributable not only to production difficul

ties but also to the problems created by current marketing
 

systems. The deficiencies affecting the rounding-up and
 

transport of livestock, as well as slaughter and beef dis

tribution, are manifold.
 

The marketing system is extremely fragmented; many
 

small buyers and commission agents serve the ranchers, and
 

there are many slaughterhouses, many agents placing meat in
 

slaughterhouses, and many small stores selling meat. Most
 

animals are bought on the farm, and are usually purchased
 

with little consideration of weight or quality. Cattle are
 

shipped directly to "ferias" or stockyards, which are located
 

throughout Colombia. Medellin is the most Jmportant market
 

and often sets the price standard for the country. 

!/Includes wool, eggs, poultry, pork and beef.
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The high cost of transporting livestock has been and
 

will continue to be one of the most serious marketing prob

lems confronting the industry. Serious losses of weight
 

occur during on-the-hoof movements. Cattle trailed for long
 

days--from the Llaos for instance--lose up to 15 percent of 

their weight, in addition to which mortality must be taken
 

arc also registered ininto account. Severe wuight losses 

the time betv,-(ui theanimals taken by boat; In some cases 

port of loading anddeparture from the farms, arrival at the 

transport to the place of destination may be as long as 15 

days or loriger. Although truck and rail transport cause 

fewer losses, these means are deficient and costly and the
 

animals are badly mishandled in transit.
 

Methods of slaughtering and slaughterhouse services 

are extremely old-fashioned in most municipalities. Condi

tions are unhygienic, and as a general rule there are no 

on
veterinary services for proper Inspection of the cattle 


the hoof and the meat. One of the chief (lrawhncks is too 

many small slaug-,hterhouses where the volume of operations is 

not large enouj h to finance the equipment, coru,truction and 

servicesC whi('h would be required for efficient organization. 

Only about '- percent of th' -,2au.hterhouses tre located in 

major clties aiid provide techni cal and hy{-ifltc s-,rvices. 

AmonF ottier SerJour deflci*!ncles in the ,,Iauhter 

of livestock and the handling of meat are the Inefficient 

utilization of slaughter by-products and the lack of
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refrigeration facilities, even in torrid climates where
 

meat spoils in a very few hours.
 

Prices of cattle and beef have been rising with the
 

general inflation that has prevailed in Colombia for several
 

years. Prices of cattle at the ranch, on a liveweight basis,
 

were approximately 5.17 pesos per kilogram in early 1970,
 

equivalent to U. S. $0.28 per kilorram liveweight. Deflated
 

consumer beef prices have increased by 18 percent from 1964
 

through 1969, while prices at the ranch only increased by
 

13 percent [41.
 

In addition to the rising secular trend, beef prices
 

show both seasonal and cyclical variations with cycles averag-


Ing about seven years in length. Seasonal price fluctuations
 

are caused directly by the occurrence of dry seasons and the
 

lack of irrigated pastures and forage storage.
 

Until 196L the official exports of livestock products 

were negligible, but have since shown substantial Increases. 

In 1970, these exports reached over U. S. $21 million [63]. 

In 1974 livestock exports are expected to range between a 

low target of U. S. $51 and a high target of U. S. $107 

million [351. 

Exports of beef (frozen, refrigerated and chilled),
 

viscera and processed meat have been increasing in importance.
 

Estimated values for 1971 were U. S. $9.4 million for beef
 

and U. S. $0.17 million for viscera and processed meat as
 

compared with U. S. $2.11 million and U. S. $1.08 thousand
 

in 1965, respectivel'.
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Peru has been the most important market for live 

cattle followed by the Dutch Antitll(v:-, retncli (Mh 1:1V :111d 

Venezuela. Illegal exports of live animals, predominantly 

to Venezuela, have been estimated between 100,000 and 300,000 

head annually. Spain, Peru, the French Antilles and French 

Guiana have been the most important markets for beef. 

Beef Consumption
 

Registered or controlled slaughter in 1970 was 2.366
 

million head, but total slaughter was estimated at 2.603
 

million head after increasing the former by 10 percent to
 

account for unregistered or clandestine slaughter [63].i
 

Although the trend in cattle slaughter has been
 

upward, there have been significant variations [23, 61].
 

From 1954 to 1957 slaughter increased 27.5 percent and then
 

turned downward during 1958 and 1959. From 1960 to 1964 it
 

increased again by 30 percent. From 1965 to 1968 slaughter
 

decreased by 3.3 percent and then turned upward again during
 

the next three years.
 

Slaughter of male cattle fluctuates less than that
 

of females and averages about 60 percent of total slaughter.
 

Female slaughter averages about 40 percent of total slaughter
 

and has ranged from 34 percent in 1954 to 41! and 43 percent
 

in 1951 and 1965 respectively [16, 61]. Consequently, the
 

year-to-year variations in total cattle slaughter have been
 

-/This refers to domestic consumption. Official
 
statistics usually include registered exports of beef and
 
live cattle.
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largely: due to changing policies of farmers who'withhold
 

females for breeding purposes. Apparently, accumulation
 

and liquidation phases in the cattle cycle are completed,
 

on the average, every seven years.
 

The trend in per capita consumption'of carcass beef
 

has been slightly downward due to the more rapid rate of
 

growth in the human population than in total beef production.
 

Registered cattle slaughter decreased from 123 head per 1000
 

inhabitants in 1951 to 110 head in 1970. Per capita con

sumption decreased from 29.6 kg. in 1951 to 22.4 kg. in
 
1/


1970,- but when unregistered slaughter is considered, per
 

capita consumption in 1970 increases to 24.6 kg. Yet, unequal
 

distribution of income aggravates the nutritional problem,
 

leaving peasants and low income urban groups with a consump

tion of 18.0 or less kilograms [31]. Undoubtedly beef con

sumption by the mass of the population is below the recom

mended nutritional requirements set at 28.0 kg. [9].
 

Increases in domestic demand will depend on popula

tion growth, per capita income and income and price demand
 

elasticities. Assuming no price changes, domestic demand
 

is expected to grow at approximately 4.8 percent annually
 

[31]. This assumes an income elasticity of .6, and annual
 

rates of growth in population and real income per capita of
 

3.2 and 3.0 percent respectively [31].
 

based on an overall drezssed 'caeass 
ntVLol'l'tl: ? of ;'0)0 (j, I:.
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Riley [61) and ICA [31] have projected 'domestic con

sumption in 1975 using different estimatesfoxthe average
 

consumption per capita. According to Riley, if per capita
 

consumption remains at 23.75 kg. annually--the average for
 

the 1958r60 period--domestic consumption in 1975 would be
 

571 thousand tons or a 64 percent increase over the 1958-60
 

average of 347 thousand tons. If per capita consumption
 

rises to 29.06 kg., domestic consumption would double the
 

base period average. The ICA estimate shows that if per
 

capita consumption is 25.9 kg. annually--the average for
 

1964--domestic consumption would increase to 640 thousand
 

tons by 1975 or about 85 percent over the base period.
 

The parameters determining the rate of growth in
 

demand and the estimates of domestic consumption suggest the
 

need for well coordinated government policies if the goals
 

of improved nutrition, production,incentives and increased
 

foreign exchange are to be attained. If beef supplies are
 

not increased substantially, the income of the lower income
 

group is not raised, or beef substitutes are not available,
 

large numbers of the population will continue to be under

nourished.
 

National Policies Toward the Cattle Industry
 

Taxation. Incentives for beef cattle production in
 

Colombia are crucially affected by government policy.' Cattle
 

raising is subject to the same income and complementary
 

taxes (net worth and excess profit) as any other economic
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activity. But certain special provisions by which costs
 

and income are computed favor the cattle producing taxpayer.
 

The essence of this tax policy relates to the cost
 

basis on which profits are calculated. For tax purposes,
 

the cost of livestock sold is the purchase price only if
 

acquired during the tax year. If cattle are sold in the
 

year following that of purchase, then the approximate market
 

value at the end of the previous year is taken as the purchase
 

price. The difference between the purchase price and the
 

assessed end-of-the-year market value is treated as an
 

increase in capital and is not subject to income tax.
 

The tax policy is also designed to encourage ranchers
 

to engage in breeding activities or to hold females rather
 

than males in inventory to build up the national cattle herd.
 

A net worth tax exemption and two taxes support this policy.
 

The first is a slaughter and export tax which differentiates
 

between the sexes: 50 pesos per head for males and 100 pesos
 

per head for females. The second is a selective inventory
 

tax equivalent to the value of 4 kg. liveweight per head
 

which applies only to males over one year of age. The amount
 

of this tax varies from year to year. In 1971 it was 18.40
 

pesos per head.
 

A final element in government taxation of the live

stock industry is a general inventory tax. Any individual
 

or corporation whose investment in livestock exceeds Ps.
 

15,000 at the close of any year from 1959 through 1980 is
 

subject to a levy of 1 percent on the net investment.
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Taxpayers who elect to subscribe for shares of Banco Ganadero
 

and the Fondos Ganaderos at par, in an amount equal to the
 

total tax due, are exempt from cash payment of the tax.
 

This is in fact the customary form of payment, and it pro

vides an important part of the capital of these credit
 

institutions.
 

A property tax of 4.2 mills on the assessed value
 

of land is also levied on the cattle subsector. Additional
 

surtaxes of three and two mills are levied on assessed
 

properties in the areas comprising the Corporacion Autonoma
 

Regional de Valle del Cauca (CVC) and the Corporacion
 

Regional de la Sabana (CAR),- respectively.
 

In 1971 the Colombian Government proposed the use of
 

presumptive techniques for a more effective income taxation
 

of agriculture, and finally in 1972 passed a law for approval
 

by Congress [56J. Now, cadastral value of the land alone
 

serves to assess farm income. Yet only a proportion of the
 

cadastral value is used: (1) 50 percent for permanent crops
 

and cattle raising, (2) 75 percent for temporary crops, and
 

(3) 80 percent for annual crops. The presumed income is 10
 

percent for all crops and cattle fattening, 4 percent for
 

cattle breedingZ/ and is also subject to the normal pro

gression of the income tax. The reformed tax law also phases
 

!/These are regional development corporations with
 
headquarters in Cali and Bogota respectively.
 

Z/Javier Ayala, "Nueva Propuesta Sobre Ley Agraria,"
 
El Tiempo, (Bogota) January 20, 1972, p. 1.
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out. the special inventory tax on males and provides tax
 

incentives on reinvestments in the farm. Fifty percent of
 

farm income in excess of the presumed income is exempted
 

from taxation if reinvested during the year following the
 

fiscal year.
 

Land Reform. Large holdings and extensive methods
 

in cattle raising have made grazing lands an easy target
 

for expropriation and land distribution schemes. Under the
 

provisions of Law 135--the agrarian reform law--most pastoral
 

estates are considered inadequately utilized and could be
 

expropriated at the least favorable terms.
 

With the increasing need for farm products, and
 

considering that threats of expropriation have discouraged
 

long-term investments and hampered agricultural development,
 

the government in 1971 undertook a major revision of Law 135.
 

The revised law,,-/ now pending approval by Congress, provides
 

for more protection against expropriation of adequately
 

utilized farms and for more favorable compensation terms
 

if expropriation occurs.
 

The designation of farms as adequately utilized has
 

been tightened; it now includes, among other things, the
 

attainment of minimum levels of productivity, and the improve

ment of. the level of living of the workers employed by the
 

landowner.
 

Cash payments for adequately utilized farms have
 

been increased to 40 percent of the land value if the value
 

!/Ibid.
 



is 500,000 pesos or less, with this proportion 
decreasing
 

gradually as the total land value increases. The balance
 

wiil now be paid in five years with interest bearing 
and
 

negotiable government notes.
 

Government direction of agricultural credit
Credit. 


is carried on through a complex of official rediscount
 

facilities, reserve requirements and direct legislation.
 

The Monetary Board, appointed in 1963, has legislative
 

control of the banking system and is responsible for setting
 

legal reserve requirements, interest rates and term of loans.
 

Lending to the agricultural sector has been growing
 

faster than in the economy as a whole. 'But within the agri

cultural sector, livestock increased slower than the growth
 

The livestock
in overall credit in the economy [41]. 


portfolio's share of the total has been relatively constant,
 

reaching a low of 18.3 percent in 1966 from a peak of 21.7
 

Over the period 1958-1967 the livestock
percent in 1963. 


portfolio averaged 19.5 percent of the total portfolio.
 

Among legislative measures, Law 26 of 1959 has in

creased the supply of credit to agriculture and strengthened
 

the activities of the Banco Ganadero and Fondos Ganaderos
 

These
through allocation of the general inventory tax. 


credit institutions which specialize in livestock develop

ment, must loan not less than 70 percent of their funds for
 

The law also requires that commercial
breeding and growing. 


banks loan not less than 15 percent of their deposits for
 

agricultural purposes.
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At present, the Caja Agraria and Banco Ganadero are
 

the two most important sources of credit to livestock
 

producers. In addition, commercial banks are required by
 

law to lend 15 percent of their deposits to agriculture,
 

including loans for livestock development. In 1967, the
 

Caja Agraria held 47.9 percent of the livestock portfolio;
 

the commercial banks 30.0 percent; Banco Ganadero 18.6
 

percent; and Banco Popular 3.5 percent.
 

Institutional credit is available to cattle producers
 

at varied interest rates and terms. In general, interest
 

rates charged to small and medium producers range from 8
 

to 12 percent annually, which are below the current commercial
 

rate of 14 percent. Interest rates charged to large producers
 

are more in line with the commercial rate.
 

Terms for repayment vary greatly according to the
 

purpose of the loan. For fattening activities terms do not
 

exceed one year, while for breeding and land improvements
 

terms range from three to twelve years. Grace periods from
 

one to four years have been introduced to accommodate better
 

the repayment obligations to the slow return from invest

ments characteristic of the cattle industry.
 

Special funds from foreign and domestic sources are
 

administered by the Caja Agraria and Banco Ganadero as part
 

of the overall cattle development plan. Small cattle pro-,
 

ducers within the INCORA-supervised credit programs receive
 

loans, mostly in kind, from the Caja Agraria and Banc,o
 

Ganadero. The Caja-INCORA scheme is financed by a loan from
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AID to INCORA, and funds for the Banco program come from
 

INCORA's Fondo Rotatorio. The Caja also administers a loan
 

from the World Bank for livestock development programs. The
 

Banco Ganadero has been using funds from the Inter-American
 

Development Bank (IDB), the Dutch Government and AID for
 

the same purpose.
 

Loans from these programs are being devoted mainly
 

to beef production in the Atlantic Coast and the Eastern
 

Plains. Ranchers borrowing from these funds have to par

ticipate with 20 percent of the estimated cost, receive
 

technical assistance and invest up to 70 percent of the loan
 

on farm improvements. Interest rates are 14 percent annually,
 

the term of repayment is up to twelve years with a three- to
 

four-year grace period.
 

Another form of credit quite common in Colombia,
 

known as "cattle-in-partnership," is made available in the
 

form of cattle for which the rancher provides pasture and
 

supervision. Profits are shared when the cattle are sold.
 

The cattle are financed by the private sector and the Fondos
 

Ganaderos (livestock funds), for which financing is provided
 

by departmental and national governments and by the Banco
 

Ganadero and Caja Agraria. A usual profit sharing arrange

ment is 60 percent rancher, 40 percent financier. While
 

such an arrangement has the advantage of not impairing the
 

rancher's borrowing capacity, it is probably equivalent to
 

a loan with interest between 15 and 20 percent (depending
 

on the profit shared).
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Despite the priority given by the government to
 

agricultural credit and the increased channeling of resources
 

to it, there is still an unsatisfied demand for long-term
 

credit. Recent agricultural credit policies have been
 

oriented toward increasing the availability of funds and
 

raising the interest rates to ensure a better utilization
 

of scarce capital resources.
 

C'hanges in agricultural credit policies have included:
 

(1) Increased use of supervised credit. Credit
 
is now considered an effective means of intro
ducing technological change.
 

(2) Increased terms and interest rate of loans under
 
Law 26. Beginning in August 1969, the Monetary
 
Board increased terms of repayment up to seven
 
years with a grace period of two and one half
 
to three years. Interest rates were changed
 
from 8 and 9 percent annually to a variable rate
 
that is 10 percent the first year and increases
 
every year thereafter by one-half of 1 percent.
 

(3) Increased and preferential rediscount quotas
 
for loans made by Caja Agraria and Banco Ganadero.
 

(4) Preferential rediscount rates for Caja Agraria,

I Banco Ganadero and INCORA.
 

(5) Obligatory investment by commercial banks for
 
32 percent of its loan portfolio for develop
ment. The latter includes Law 26 loans and
 
other loans of the agricultural sector.
 

(6) Maintenance of subsidized interest rates for
 
small producers.
 

(7) New program for credit to land reform beneficiaries
 
organized in cooperative or commercial operations.
 

(8) New program for personal credit to small farmers
 
%based on expected returns on the investments.
 

Disease Control. With an international commitment
 

to control foot-and-mouth disease (FMD) Colombia has entrusted 

to ICA the attainment of this goal and the eradication of 
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brucel losis. To ineet ItS commi tment, awl wih the C:1 mlimliclnl1 

assistance of the Tnter-Anliorlcan bevolopinoit" IIl~nl< ind it,1o 

technical assistance of the Pan-Amertcan Center Against 

Foot-and-Mouth Disease, ICA prepared a two-stage plan 

beginning in 1971. 

During the 1971-1975 stage the campaign will be
 

concentrated in the Atlantic Coast region where 83 percent
 

of the cattle population will be treated by the end of the
 

period. In the same year the proportion of cattle treated
 

in the rest of the country will be approximately 58 percent.
 

In the next period--1976-80--control measures will
 

be intensified in all producing zones and the proportion
 

of cattle treated will be very close to 100 percent.
 

While the control of FMD is restricted to priority
 

areas, the control of brucellosis will be spread over the
 

entire country. The campaign aims at having 100 percent
 

of the female population free of brucellosis by 1974.
 

Development Plan. In 1972 the Ministry of Agriculture
 

,,prepared a comprehensive livestock development plan for
 

Colombia.l/ The objective was to establish livestock pro

duction goals for the next decade and then to outline in
 

detail the necessary plan of action to help achieve the
 

desired goals.
 

The most important policy instruments are: (1) tax
 

incentives for breeding and farm improvements; (2) increased
 

I/"EI Gobierno Modifica Su'Politica Ganadera,'
 
El Espectador (Bogota), November 7T, 1972, p. 1
 



39
 

,availability of credit and easier credit terms; (3) increased
 

association of credit with technical assistance and sub

sidized technical assistance for small producers; and
 

(4) protection against land expropriation If certain levels 

of productivity and use of resources are attained.
 

Exports. General measurc to promote exports are a
 

more flexible exchange rate policy and a l percent tax
 

bonus (Certificado de Abono Tributario--CAT) incentive for
 

all exports, except coffee, raw cattle hides, and petroleum.
 

CATs may be traded at a discount or used aftev ornw year of
 

issuance for tax payments. More specifically, the govern

ment has begun to promote beef exports throu[gh a semi-public
 

lending institution, Corporacion Financiera Agrop(cuaria
 

(COFIAGRO). About 80 percent of COFIAGRO'v, portfolio is
 

in enterprises engaged in the export of beef, but it also
 

lends to ranchers for fattening operations at one-year
 

terms and at an effective interest rate of 16.28 percent.
 

The government has recently taken two new measures
 

intended to regulate the domestic and export markvt_,. Begin

ning July 19721/ beef has been bUnned two days a week from 

restaurants, hotels and similar public outlets. beginning
 

/
January 197 3 a quota system regulates exports to avoid
 

I/Jaime Sotomayor, "Veda do Carne Dos Dias a la 
Semana," El Espectador, (Bogota), June 30, 1972, p. 1. 

2/"El Gobierno Fija Cupos de Exportacion do Came;"
 
El Tiempo (Bogota), December 11, 1972.
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domestic shortages. This measure requires the gradual
 

phasing out of export of live animals and an increase in
 

beef and processed meat exports.
 

Domestic markatinr of beef in also being improved;
 

the Banco Ganadero in cooperation with USAID has placed
 

special emphanis on financing the modernization of slaughter

ing facilitles.
 



CHAPTER 3
 

THE REGIONAL SETTING OF THIS STUDY
 

The Geopolitical Setting
 

The states or departments of Atlantico, Bolivar,
 

Cesar, Cordoba, Magdalena, and Sucre considered in this
 

study and known as the Costa, are part of the Atlantic or
 

Caribbean plain which Is one of the five geographic regions
 

!/ 
into which Colombia is divided.- The capitals are
 

Barranquilla, Cartagena, Valledupar, Monteria, Santa Marta
 

and Sincelejo, respectively. In 1964 these six states had
 

a population of about three million within an area of 112,055
 

square kilometers; these figures were 18 and 10 percent of
 

the total Colombian population and area, respectively [17J.
 

The Atlantic plain is located between the Caribbean
 

sea and thc base of the Andean range in the northern part of
 

Colombia. Tt is charac.'-rized by flat and swampy lands in
 

the bottom of th, alluvial valleys and the coastal plain, and
 

by slightly undulnting to rugged lands in the areas above the
 

valleys floors and in the surrounding mountains. With the
 

.!/The other four are: Andean region, Pacific Coast, 

Orinoco region and Amazon region. Geographically the depart
ment or Cuajlra and the Antloquian region of Urab6 are included 
in the Atlantic plain, but for all practical purposes this. 
otudy wi11 I,' Per' to the sIx departments li sted. 

i 1 
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exception of the Sierra Nevada de Santa Marta in the north

east, the altitude varies between 0 and 500 meters.
 

The most important rivers are the Sini in the west,
 

and the Magdelena with its three major tributaries, the
 

San Jorge, the Cauca and the Cesar. The Magdalena, Cauca,
 

San Jorge and Sinu rivers are navigable and serve as impor

tant means of transport.
 

The region has a relatively good network of roads
 

which connect the main urban centers, but access roads to
 

the agricultural areas are few and inadequate, especially
 

during the rainy season.
 

The railroad connects the port of Santa Marta with
 

Bogota, Medellfn and Cali. Air transportation is available
 

both for passengers and cargo from the airports in the capitals
 

and from air strips throughout the area, The sea ports of
 

Barranquilla, Cartangena and Santa Marta have modern fac

ilities and serve a substantial part of the Colombian
 

export-import trade.
 

The Population
 

The Costa population has four major attributes, most
 

of them characteristic of other regions in Colombia. First,
 

the total population in the Costa has been increasing at an
 

increasing rate. The annual average rate of population
 

growth is estimated to be 3.23 percent.- If it continues
 

at this rate, the population will double in approximately
 

22 years.
 

l-/Rate of growth estimated for the period 1938-1964.
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Second, the population is unevenly distributed.
 

The department of Atlantico has the greatest density
 

(219 inhabitants per square kilometer) and Cesar the lowest
 

(11 inhabitants per square kilometer). In 1964, about 61
 

percent of the population was urban, and approximately one

half of this was concentrated in the cities of Monteria,
 

Cartagena, Barranquilla, and Santa Marta.
 

Third, throughout the region the population has been
 

shifting fairly constantly since 1938. These movements
 

can be classified as: (1) permanent migration from rural
 

areas to major towns of the region (population growth in
 

the four major cities mentioned earlier is estimated to be
 

near 5.0 percent annually); (2) migration from urban and
 

rural areas to the neighboring labor-short Venezuela; (3)
 

seasonal in- and out-migration of the rural labor force to
 

accommodate the demand for harvest labor, especially for
 

cotton, in the region and in the rest of the country; (4)
 

migration from the rest of the country and from the region
 

toward the new rural frontier areas along the Valle del
 

Cesar, the Magdalena, and the low Cauca; and (5) out-migration
 

toward other regions, especially the more developed urban

industrial departments.
 

Fourth, education, occupational status, and income
 

per capita are unevenly distributed, not only between the
 

urban and rural populations but among the departments in
 

the region. Literacy ranges from 40 percent in the more
 

agricultural departments to 62 percent in the more urbanized
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and industrialized department of Atlantico. The propor

tion of economically active population engaged in agriculture,
 

forestry, hunting and fishing ranges from 60 percent in the
 

departments of Cordoba, Bolivar, Sucre, Cesar and Magdalena
 

to 16 percent in the department of Atlantico [17].
 

Although the 1964 census lists no figures on income
 

per capita, income is probably higher in the urban than in
 

the rural areas, and higher in the department of At!antico
 

than in the more agricultural departments. (These estimates
 

are based on information collected by the Departamento
 

Administrativo Nacional de Estadistica [DANE].) In 1970,
 

DAVE-/ examined the family income of urban and rural workers
 

in the Atlantic region, in four other Colombian regions,
 

and the city of Bogota. For the Atlantic region, DANE
 

estimates that 63 percent of the employed urban population
 

and 84 percent of the employed rural population had a
 

/
monthly income of 1,000 pesos- or less.
 

The 1970 DANE sample estimated over unemployment
 

in the Atlantic region to be 10.96 and 7.73 percent of the
 

economically active population for the urban and rural areas,
 

respectively. But unemployment is more serious than these
 

figures suggest. The number of people suffering from shortage
 

of work is probably larger than the observed numbers actively
 

!/DANE, Encuesta de Hogares 1970, BogotA, June (1971),
 

pp. 1-59.
 

2/One U. S. dollar equals approximately Ps 20.
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seeking work or longer hours, because the unemployed or
 

underemployed not openly seeking work might do so if un

employment decreased.
 

Ecological Zones
 

The Atlantic region can be divided into four distinct
 

ecological zones characterized by the climate and natural
 

vegetation: (1) the tropical dry-humid savannah in the
 

littoral, east from the Sinu river outlet; (2) the tropical
 

humid savannah in the center; (3) the tropical dry-humid
 

forest south of the humid savannah; and (4) the tropical
 

humid forest in the extreme south (Figure 1.2 ).-/ In turn,
 

each zone can be divided into two special natural regions-

the flood plains and the uplands--distinguished by their
 

soils and the crops cultivated. These ecological zones are
 

identifiable and reasonably distinct, although the boundaries
 

between them are arbitrary. The three geographical features
 

that determine the agricultural activities in these zones
 

are climate, soil moisture and soil types.
 

Climate and Natural Vegetation
 

Rainfall and temperature are the two most important
 

climatic features. The region alternates between two
 

contrasting rainfall patterns: a low rain or dry period
 

from December through March, and a high rainfall period
 

!/In this and the following two sections, I have
 
drawn heavily on the Magdalena Mission Report £i1.
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FIGURE 1.2. Ecological zones of Northern Colombia. 
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from April through November. In general, rainfall increases
 

and dry periods are shorter from north to south.
 

In the dry-humid savannah of the north, total annual
 

rainfall averages less than 900 mm. The humid savannah
 

receives between 1000 and 2000 mm. annually, the dry-humid
 

forest about 2000 mm., and the humid forest in the south
 

over 2000 mm. An equally important feature is the seasonal
 

distribution of rain. The littoral receives hardly any
 

precipitation in the dry season, whereas the ot~ier zones
 

receive a fairly substantial amount throughout the year
 

(an average of 23 jrnr.per month during the dry season).
 

The annual average temperature is about 270 C. Through

out the rainy season, the humidity is over 80 percent. Dur

ing the dry period, winds flow from the sea causing the
 

temperature and humidity to drop slightly, but this effect
 

decreases with increasing distance from the littoral.
 

The natural vegetation of the Atlantic region can be
 

divided into three basic categories: (1) the dry-humid
 

savannah in the north characterized by xerophitic and sub

xerophitic vegetation and grasses; (2) the humid savannah
 

in the center characterized by a mixture of natural grasses,
 

scattered shrubs and thin to thick forest in the more wet
 

areas near the rivers Lnd in areas with higher rainfall
 

within the zone; and (3) the rain forest in the south. The
 

distinguishing feature from north to south is the vegetation
 

change from the sparse savannah to the lush rain forest
 

associated with increasing abundance of precipitation.
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In general, the four ecological zones provide a
 

good habitat for grazing animals and crops. The dry-humid
 

savannah in the north is more suitable for grazing, although
 

annual crops are grown during the rainy season. Irriga

tion is required because of the dry periods and to allow for
 

double cropping. The humid savannah, the largest and most
 

important agricultural zone, produces most of the region's
 

cotton. During the rainy season, cropping is safe; with
 

drought-resistant and short-cycle crops such as sorghum,
 

double cropping may be possible. This region also provides
 

most of the grazing land. The dry-humid forest provides
 

lush green pasture all year, but is considered too wet for
 

annual crops other than rice. In the northeast banana belt,
 

which is in the same climatic zone, the land is used mainly
 

for grazing. The humid forest has the same land uses as
 

the dry-humid zone.
 

Soils
 

Semi-detailed soil studies of the Costa region have
 

been made by the Instituto Oeogr fico Agustin Codazzi (IGAC)
 

(38), the Instituto de Fomento Algodonero (Cotton Development
 

Institute) [36, 37j, and the Mission for the Study of the
 

Magdalena Valley [13]. These studies also contain informa

tion which correlates soil types and phases with potential use.
 

Soils in the region can be divided into four general
 

groups according to their origin: alluvial or flood plains,
 

quaternary, tertiary and mountain (see Figures 1.3 and 1.4).
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Topography, fertility and use are closely relatedtothese
 

soil groups. Alluvial soils are characterized by slopes of
 

0 to 3 percent; soil textures vary from light to medium and
 

heavy, with deep topsoil and drainage varying from well

drained to imperfectly and poorly drained. Often these
 

lands have a high nutrient content with the exception of
 

soluble nitrogen, which is low. Soil pH ranges between
 

6.3 to 7.3; it is lower in the poorly drained soils and
 

higher in soils with some degree of salinity.
 

Quarternary soils or terraces are old alluvial
 

deposits characterized by slopes of 0 to 3 percent, and a
 

hard or clay pan at varying depths. Soil textures are
 

light and drainage is imperfect. Soil pH ranges between
 

5.0 and 6.0 and the nutrient content is low.
 

Tertiary soils have undulating slopes ranging widely
 

from moderately steep to steep (7 percent to 50 percent).
 

Soil textures vary from light to heavy, and most soils are
 

susceptible to erosion. Soil pH ranges between 5.5 to
 

less than 6.0, and the nutrient content is low.
 

The mountain soils in the region are characterized
 

by steep to very steep slopes. Because of the excessive
 

relief, most of them are erodible. They are formed chiefly
 

from igneous and metamorphic rocks. Though the high nutrient
 

content of some of these soils would ordinarily make them
 

suitable for coffee and other permanent crops, because of
 

their erodability their best recommended use is in forest.
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Based on studies by the IGAC [38], the Magdalena
 

Mission [12), and the Cotton Development Institute [36, 37],
 

an inventory of the soil resource base by department was
 

made (Table 1.2). This inventory includes the acreage of
 

total land, soil classification according to origin, and
 

land use. Table 1.2 also shows the region's natural endow

ment for raising cattle.
 

The Agricultural Economy
 

The Costa economy is basically agricultural, with
 

cattle the predominant activity, whereas manufacturing is
 

low and concentrated in the cities of Barranquilla and
 

Cartagena. Agriculture employs 50 percent of the economically
 

active population.
 

The Costa agriculture is characterized by the same
 

problems that affect agriculture in all of Colombia: (1)
 

slow rate of growth; (2) low productivity and high cost
 

per unit of production; and (3) unequal distribution of
 

wealth.
 

Private ownership is the predominant characteristic
 

of land tenure in the region. A 1964 survey showed that
 

60 percent of farms were privately owned and included
 

seven-eights of the agricultural land [12]. Other striking
 

features of the Costa's land tenure are the high degree of
 

concentration and absenteeism. As Table 1.3 shows,
 

approximately two-thirds of the farms are less than ten
 

hectares, while about 1 percent of the farms are over
 



TABLE 1.2. Costa-Land Classes and-Recommended Use by Departments. ('000 has.)
 

gion and 	 Bolivar 
 Magdalena Recommended'
 
Use and 
 and 	 Land
Land Class 	 Atlantico Sucre Cordoba Cesar Total 
 Use
 

1-Well drained 	 21.60 90.60 
 38.50 183.70 334.40 Crops and

2-7onflooded irer-
 cattle
 

fectly drained 59.00 20.00 3.30 
 116.60 198.00 1(533.30)
 
3-Periodically flooded
 

& poorly drained:
 
a-Water logging 103.14 155.63 66.20 
 324.97 	 Cattle, crops
 

occasionally
t-Crne-rnonth floodings 5.61 141.82 
 37.80 226.09 .11.35
c-our--montl floodings 7.63 317.84 
 82.48 154.32 562.27 Cattle
 
d-::ore 	tr - four- (2,81300)


'cnth fljdirgs 20.00 1,452.90 133.30 
 86.88 1,693.08
4-Saline 	 17.2C 
 52.30 15.20 
 61.60 146.30
 

Total Land 	 131.07 2,178.CO 466.21 895.39 3,671.27

5-Lakes 	 25.00 
 47.10 25.20 129.82 227.12
 

Tctal Area 156.07 2,225.70 491.41 1,C25.21 3,E98.39
 
6-Guaternary trrraces 
 0.50 65.90 218.10 381.40 6(5.90 Cattle, cash crops7-Tertiary so'ils 
 occasionally, food
a-Slope < 	25% 22.00 315.20 422.40 396.90 1,1 6.50 
 Jcrcps (1,822.40)
 
b-Slope > 	25r 
 52.0C 573.00 310.00 761.00 1,606.00
8-Sandy scils and 
 Cattle

dunes: 
 (2,042.66)
 
3' sloe 25 33.34 313.30 3,-.66
 

Total Land 
 107.56 954.10 95C.50 1,852.9n 3
 
9-Eroded and
 
.ountain Soils 62.1C 511.70 1,075.60 1,771.7n ?, 1 l1.l0 Forest
 

Grand Total 	 32E.c3 3,691.50 2,517.51 4,669.51 11,204.55
 

Adapted from [13, 36, 37, 3 ], ard personal information from 'he Geographic Tnstitute (IGAC).
 

http:11,204.55
http:4,669.51
http:2,517.51
http:3,691.50
http:1,771.7n
http:1,075.60
http:1,852.9n
http:2,042.66
http:1,606.00
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TABLE 1.3. 	 Costa--Distribution of Farms According to Size,
 
1960
 

krea Occupied by Farms
 

Has. Average
Size Categories 

(has.) No. Percent (000) Percent (Has.)
 

Less thai 10 120,793 67.5 241 3.4 


From 10 to 100 43,741 24.4 1,491 21.3 34.1
 

2,348 192.1
From 100 to 500 12,225 6.8 33.5 


Over 500 2,356 1.3 2,928 41.8 2,242.8
 

TOTAL 	 179,115 100.0 7,008 100.0 39.1
 

Source: CIDA [12, p. 72]
 

500 hectares and occupy 42 percent of the land in farms.
 

According to DANE! / 6,706 administrators operate one-third
 

of the total agricultural land, or an average of 370 hectares
 

each (mostly pastoral states). The majority of landlords
 

visit these haciendas infrequently--rarely on a weekly
 

basis and in some cases only once or twice a year.
 

Although crops have been increasing in importance,
 

land use is dominated by pasture. While in 1959 crops
 

occupied only 7.5 percent of all land and 12 percent of land
 

in farms, pasture accounted for approximately two-fifths of
 

all land or approximately three-fifths of land on farms [14,
 

15]. Artificial grasses are a low proportion of total
 

I/DANE, Censo Agropecuario 1966, Resumen Nacional,
 

Bogota, February (19614), p. 21.
 

2.0 
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grasslands; 20 percent according to DANE [18], and 45 per

cent according to FAO [66].
 

Cotton is the most important commercial crop; in
 

1969 the region had 137,000 hectares in cotton and produced
 

62 percent of the total Colombian production [7]. Sesame
 

and rice are also important crops, accounting for 59 percent
 

and 23 percent, respectively, of the total Colombian pro

duction in 1969 [7]. Sorghum has become increasingly impor

tant, particularly as a double crop with cotton; at the same
 

time, the land devoted to raising bananas for export has de

clined from 20,000 hectares in the mid-sixties to approximately
 

5,000 hectares in the seventies. Sugarcane, tobacco, and
 

coffee are also grown but to a lesser extent.
 

The most important staple crops are cassava and corn,
 

both in terms of the number of producers and the number of
 

hectares. In 1969 [7] 79,000 hectares were planted in
 

cassava and the production accounted for 40 percent of the
 

total Colombian production. About 203,000 hectares were
 

planted in corn which accounted for 26 percent of the total
 

Colombian production. Plantain followed in importance
 

(30,000 hectares), and still less land was used for beans
 

and fruits.
 

Although the introduction of commercial crops to the
 

region during the past two decades has changed a number of
 

traditional agricultural practices, average yields are still
 

fairly low. Yet the potential for high yields clearly exists
 

as has been demonstrated in properly managed commercial and
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experimental farms. In the former, yields of cotton-seed,
 

irrigated rice and sorghum have been doubled and that of
 

corn tripled, while experimental yields for-corn and irrigated
 

rice have been 6 and 2.5 times as high, respectively [41].2 /
 

Low yields have been attributed to:' (1) a large
 

proportion of small holders producing under traditional
 

methods;! / (2) a lack of adaptive research and extension;
 

(3) inadequate distribution and high cost of modern inputs;
 

and (4) a lack of price incentives.
 

Soil conservation practices are ignored and the con

tinual tillage of steep, erodible slopes with clean-cultivated
 

crops is accelerating soil depletion.
 

As pointed out, cattle raising is the most important
 

economic activity in the Costa where the same general charac

teristics and problems affecting the Colombian cattle industry
 

also apply. The major production problems in the region can
 

be summarized as follows:
 

(1) 	Management and economics
 

(a) 	Lack of farm accounting and record
 
keeping to establish cost relationships
 
and operational efficiency
 

I/Average yields (M.Ts/Ha) in the Costa for the
 
period 1965-1969 have been: cotton-seed 1.4, corn 1.11,
 
irrigated rice 2.3, sesame .66, and sorghum 1.8 [7].
 

2/In 1960 according to DANE [15], 98 percent of
 
sesame, 83 percent of cotton, 95 percent of rice, and 96
 
percent of corn were produced in plots less than 10 hectares.
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(b) 	Lack of basic knowledge on returns to
 
the different factors of production
 
needed for an efficient allocation of
 
resources and for considering organiza
tion alternatives
 

(c) 	Inefficient markets for both products
 

and inputs, including capital
 

(2) 	Human
 

(a) 	Low level of education
 

(b) 	Lack of skills and training
 

(c) 	Poor health
 

(3) 	Technological
 

(a) 	Inadequate soils and range management
 

(b) 	Inadequate breeding, pest and disease
 
control practices
 

(4) 	Environmental
 

(a) Poor use of natural resources
 

(b) Downgraded quality of rural life
 

Cattle Production
 

Although there are not reliable time series estimates
 

of the cattle population in Colombia, it seems that the
 

Costa supports between 40 and 50 percent of the total
 

Colombian cattle population. Table 1.4 shows the age and
 

sex distribution of cattle in the Costa and the rest of
 

Colombia according to the 1968 sample survey [18], but care
 

should be taken when considering these figures. This survey,
 

the sample surveys of 1964, and 1965, and the 1960 agri

cultural census made by DANE seemed to have underestimated
 

the total cattle population by 2.5 million head [29).
 



Cattle Numbers in the Costa and Non-Costa Herd, 1968. ('000 head)
TABLE .1.4. 


Less than 2 years Two and more Years
 

-Region 	 Males Females Males 
 Females TOTAL
 

Costa:
 
Atlantico 34.95 52.86 
 14.90 133.18 235.8
 
Bolivar and Sucre 	 481.81 487.12 
 172.40 1,167.15 2,308.Lb9
 
Cordoba 
 381.76 349.50 418.82 1,059.27 2,209.3z
 
Magdalena and Cesar 464.46 
 471.27 394.50 1,018.06 2,348.2;
 
TOTAL COSTA 1,362.98 1,360.75 1,000.62 3,377.66 7,102.":
 

Non-Costa 	 1,965.77 2,438.40 1,634.84 4,599.16 10,598. 17
 

TOTAL 3,328.75 3,799.15 2,635.46 7,936.82 17,700.iZ
 

Source: DANE [18, p. 1]
 

http:17,700.iZ
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http:3,328.75
http:4,599.16
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http:1,000.62
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The Costa is specialized in beef production from
 

herd6 formed predominately by the cross-breeding of Cebu
 

cattle with the native cattle. Within this type of cattle
 

operation there are three productive phases which are per

formed separately as specialized activities or in conjunc

tion with each other on individual farms. These are: (a)
 

breeding--cows and calves; (b) growing--males and females,
 

1 to 4 years of age; and (c) fattening--males, 3 to 6 years
 

of age and females discarded from the breeding herds.
 

The dual production of beef and milk has been a
 

common practice among small and medium sized cow herds. The
 

1971 CIAT survey [9] showed that 62 percent of the cattle
 

farms have breeding and milk production as their main eco

nomic activities. In 1968 DANE [18] reported one-third of
 

the cows (females over 2 years) were milked, but this pro

portion seems to have been increasing with improved access
 

to markets and increased demand. Yet yield of milk per
 

cow is low, ranging between 3.06 liters daily during the
 

rainy season and 2.54 liters during the dry season, with
 

250 days a year dependlactating periods varying from 90 to 


ing on the quality of management. Despite low yields, milk
 

production is an important source of income for ranchers
 

"and ea contribution to improved nutrition in the region.
 

As Table 1.5 shows, the Costa is a major surplus
 

area, and the major deficit area is Western Colombia. The
 

Eastern Plains (excluding Meta) and the South, not shown
 

in this table, are minor surplus areas. Yet, comparing'
 



60
 

;iil i, 
Production Aniolg I,,g lon:n, CoJomh1 n, 100)-107'( 

TABIUf'; 1.5. SurpJu:n at 11. I{,. I ori:hlI l,:Ii,I-,,r 

Difference 
Domestic Between 

Production Consumption Production 
Region Year (Tons)* (Tons) and Consumption 

1969 198,082 62,231 +135,851
 
Atlantic 1970 213,669 64,720 +148,949
 
Plain a 1971 240,325 67,309 +173,016
 

1972 260,080 70,001 +190,079
 

1969 88,525 183,533 - 95,008

Western 1970 96,423 189,224 - 92,801 
Colombiab- 1971 105,763 195,092 - 89,329 

1972 115,360 201,141 - 85,781 

1969 74,574 125,955 - 51,381

Central c/ 1970 79,666 130,490 - 59,824
 
Colombia-- 1971 86,036 135,187 - 49,151
 

1972 92,380 140,054 - 47,6714
 

1969 66,669 60,680 + 5,989
 
North Eastern 1970 71,178 62,136 + 9,0112
 
Colombiad/ 1971 76,829 63,628 + 13,201
 

1972 82,443 65,155 + 17,288
 

a/ 	Includes Atlantico, Bolivar, Cesar, Cordoba, Magdalena,
 
Sucre, Guajira.
 

b/ 	Includes Valle, Cauca, Risaralda, Quindio, Narifio,
 
Antioqula, and Caldas.
 

c/ 	Includes Cundinamarca, Tolima, Huila, Bogota, Meta.
 

d/ 	Includes Boyaca, Norte de Santander, Santander.
 

*Figures are in metric tons.
 

Source: Adipted from '-ax F. Bowser. Prerequsitosy

Po'encial para :a Exportacion de Carne en Colombia
 
en la Decada de 1970. Agricultura Tropical, XXV
 
(Bogota, November, 1969), 704-708.
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regional estimates of beef productionand consumption to
 

identify surplus-deficit areas does not provide an adequate
 

measure of total cattle produced by regions and interregional
 

movements in terms of number of animals, since much of this
 

movement involves feeders. It has been estimated that the
 

Costa provides approximately two-thirds of the cattle that
 

move in interregional trade [611.
 

The surplus cattle movements from the Costa include
 

finished, stocker and feeder animals which move south mainly
 

through the markets of Medellin and Bucaramanga. In some
 

instances the cattle move southward to the central and upper
 

Magdalena Valley region by means of the Magdalena River and
 

the railroads. Cattle for export is handled through the
 

Caribbean ports of Covefias, Barranquilla, Cartagena and ranta
 

Marta. Cattle are moved to Venezuela as well, but estimates
 

of this flow are not available.
 

The results from the 1960 census provide a detailed
 

breakdown of cattle operations by farm size and by number of
 

head (summarized in Table 1.6). As this table shows, the size
 

of the cattle farms follows a skewed distribution.
 

Only one-fourth of the farms had cattle at the time
 

of the census, but these farms included approximately three

fourths of all land in farms. The average number of cattle
 

per farm was 68 with a range that included 182 ranches with
 

an average of 1900 head each. Cattle inventories were con

centrated on a relatively small percentage of farms of more?.
 

than 500 hectares each. Conversely, the smaller farms make
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TABLE 1.6. Costa--Cattle Distribution According to Size
 
: ):- ,<,of Ranch, 1960 

Units Cattle in Farms
 

Head Average
Size Categories 

(has.) No. Percent (000) Percent (head)
 

Less than 10 11,382 25.0 99.8 3.0 9
 

From 10 to 100 22,478 49.0 681.0 22.0 30
 

From 100 to 500 9,598 21.0 1,053.7 34.0 110
 

Over 500 2,195 5.0 1,256.2 41.0 572
 

TOTAL 45,653 100.0 3,090.7 100.0 68
 

Source: Adapted from DANE [15].
 

up a high percentage of farms having cattle but control a
 

small percentage of total cattle inventories; three-fourths
 

of the farms were less than 100 hectares and controlled one

fourth of the cattle with an average inventory of less than
 

50 head of cattle.
 

Agricultural Services
 

Although the agricultural service structure of the
 

Costa appears to be rather complete from the standpoint of
 

physical facilities, it seems in many instances they are not
 

performing efficiently considering the needs of the region.
 

Research is undertaken by the Instituto Colombiano
 

Agropecuario (ICA) in three experiment stations and eight
 

centers for. theastudyand diagnosis of cattle diseases. In
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addition to ICA, the Land Reform Institute (INCORA) maintains
 

experimental farms in some of its irrigation projects. Be

ginning in 1969, the Centro Internacional de Agricultura
 

Tropical (CIAT) started a training and research program in
 

animal sanitation and farm management.
 

Extension activities are mainly undertaken by ICA,
 

but technical assistance, usually in conjunction with super

vised credit, is also provided through INCORA and the bank

ing system. Extension-type services are also provided by
 

the national federations of cotton, rice, cereals, and cattle
 

growers, and by various firms selling plant protection products,
 

herbicides and fertilizers.
 

Institutional credit is supplied by INCORA, the
 

commercial and the development banks. Another common source
 

of credit for the cattle subsector are the cattle-in-partnership
 

agreements. These are found in both the private and public
 

sectors. The latter are Departmental Organizations, called
 

Fondos Ganaderos, which devote most of their efforts to
 

breeding programs. Under the partnership arrangement, the
 

rancher provides supervision of the cattle and pasture in
 

exchange for a share of the profits when the cattle are sold.
 

Although agricultural credit programs are available
 

within a wide range of interest rates and terms, the general
 

consensus is that such credit is in short supply and is 
un

evenly distributed. The CIAT survey showed an excess demand
 

for credit (for buying stock) at the prevailing rates of
 

interest.
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Modern inputs are marketed through various channels:
 

privatle supply stores, the INCORA cooperatives, grower,
 

But despite this diversity
federations, and the Caja Agraria. 


of outlets, the region suffers from distribution problems:
 

shortages and unavailability are common in the more isolated
 

Since production and distribution do not perform
areas. 


efficiently, prices are too high and-*incentives for increased
 

use are-lacking.
 

With the exception of'cotton and bananas for export,
 

for which there are very well organized marketifng channels,
 

This is
the marketing of farm products performs poorly. 


characterized by an excess of middlemen, a shortage of
 

medium- and long-term credit, lack of storage facilities,
 

and inadequate means of transportation. The Institute for
 

Crop and Livestock Marketing (IDEMA) is taking an active role
 

in improving the marketing performance through minimum support
 

prices and by providing storage facilities and credit. INCORA
 

has also been contributing to the coordination of the market
 

through establishment of farmers' cooperatives.
 

Cattle Marketing
 

Farmers sell most of their cattle to country dealers,
 

or ship directly to "ferias" or stockyards located within the
 

region and as far as Medellin. The CIAT survey showedclthat
 

five-sixths of the producers sell their cattle to the country
 

dealers who come to the farms to bargain. The cattle are
 

then transported to local slaughterhouses and ferias or
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shipped to moe distant markets. These dealers, also act as
 

intermediaries on feeder cattle transactions.
 

Cattle are usually purchased on the basis of esti

matedlive weight or by the head. Delivery and transprrta

tion arrangements are agreed upon. in almost all cases
 

buyers furnish transportation ,and assume all costs and risks
 

involved inmoving thecattle from the farm or ranch. Con

tract sales in conjunction with credit have been introduced
 

in,the region with the development of the beef export market.
 

These contracts are arranged with the packing houses and for
 

,the finishingperiod.
 

Most of the cattle in the region are moved by truck,
 

but cattle still move long distances on foot. Some of. this
 

movement involves the transfer of feeder cattle from breeding
 

areas to fattening areas. Fat cattle.and feeder animals also
 

must be moved on foot to highway, rail, or river shipping
 

points.,
 

Severe weight losses occur during these hauling and
 

on-foot movements. CIAT [9] reports losses up to 40 kilograms
 

per head for finished males after a ten-hour haul to the
 

market.
 

Liveanimal prices are affected by both seasonal
 

and long-term cycles. The long-term cycles have averaged
 

about seven years in length. Although the origin of the
 

long-term cycles has not yet been clearly understood, prices,
 

biological timetable of cattle reproduction and nutrition
 

equilibrium seem to be some of the underlying causal forces.i
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Seasonal price fluctuations are caused directly by
 

the occurance of dry seasons and the iack'of irrigated pastures
 

or forage storage. During the dry season, cattle are sold as
 

available forage is used, and prices are driven down. The
 

opposite occurs during the rainy season when pastures are
 

abundant.
 

'Estimatates of the marketing margins for beef vary.
 

A recent estimate made by Sarmiento [63J shows that the rancher
 

receives between 80 and 85 percent of the final value. From
 

the standpoint of the producer's share, the beef market seems
 

to be performing well.
 

Slaughtering of livestock and the handling of meat
 

have the same serious deficiencies described in Chapter 2.
 

Most slaughter facilities are small'rural community or village
 

operations, but modern slaughterhouses are in operation in
 

Barranquilla, Cartagena, Santa Marta and La Gloria--a Magdalena
 

river port 300 kilometers south of Santa Marta. These plants
 

are operated mainly to supply the needs of the export market.
 



CHAPTER 4
 

GENERAL SPECIFICATIONS AND PROCEDURE
 

Givenithe variety of land classes, climatic zones
 

and types of cattle operations that exist within the region,
 

and considering the multiplicity of changing variables that
 

make up its social and economic environment, some simplify

ing assumptions and/or restrictions are needed to confine the
 

study to workable proportions.
 

Area of Study
 

The study will be confined to the Departments of
 

Cordoba, Bolivar, Atlantico, Sucre, Cesar and Magdalena
 

which carry the largest cattle population in the Atlantic
 

plain. The area has a vast potential for successful beef
 

production, easy access to domestic and foreign markets,
 

and expanding facilities for modern slaughter and meat
 

processing.
 

Farming Sectors
 

Although there are four distinctly*separated ecological
 

zones in the Costa (see Chapter 3), the model is broadly dis

aggregated into two farming sectors, three agricultural
 

regions and two subregions of competing farming activities
 

based on land use capability (disregarding climatic conditions).
 

Figure 1.5 is a hypothetical cross section of these sectors.
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I 'I I 
Lowlands I Uplands 
 I 

A ITI 

L1-.- i-.3.1_I-.---3 IV-. 

2 I 

Lowland 
 A = alluvial deposits

11. grass only region Q = quaternary terraces
 
2. cash-crops, food-crops, grass regioh TR = tertiary soils
 

Uplands
 
3. cash-crops, food-crops, grass region


.1 cash-crops, food-crops, grass subregion
 

.2 grass-food crops subregion
 

FIGURE 1.5. Agricultural regions of Northern Colombia.
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Sector,1 or lowland is the flat land area in the
 

valley floor formed by recent alluvial deposits. Of the
 

two agricultural regions identified in this sector, region 1
 

includes lands which are permanently flooded or are subject
 

to seasonal floodings and are used only for grazing. Region
 

2 is the flood-free area where cash and food crops compete
 

with cattle for land and capital. Region 2 can expand into
 

region 1 as the latter is drained and becomes available for
 

cropping but cannot expand beyond the natural limit of lowlands.
 

Sector 2, or upland, is the nearly flat to rolling
 

land above the valley floor. It is formed of quarternary
 

terraces and tertiary soils with slopes of 1 percent and over.
 

This sector comprises agricultural region 3 and subregions 1
 

and 2 where farming is mixed, and includes cash and food crops
 

and cattle production. Subregions 1 and 2 are roughly deter

mined by topographic conditions; subregion 1 is suitable for
 

mechanized cropping and is the area where cash and food crops
 

compete with cattle for land and capital. Subregion 2 is
 

characterized by a more rough and complex topography and is
 

suitable for food crops and grasses which also compete for
 

land and capital. Region 3 cannot expand beyond the natural
 

limit of uplands, but in subregion 1, land in cash crops can
 

contract and expand within its natural limit.
 

These farming regions are not entirely internally
 

homogeneous with respect to climate and cropping potentials.
 

They occur within the four ecological zones but co'ipromises
 

were made to delineate these regions as homogeneous areas.
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The primary reasons for this are twofold. First, despite
 

clinat Variations, the patter'' farming is' very similar
 

in all ecological zones, and behavi6ral'characteristics of
 

farmers who control land use and modernization"decisions are
 

assumed to be identical throughout the four zones. Secondly,
 

at the present state of aggregation of the model we are not
 

interested in performing a separate accounting for each
 

ecological zone.
 

Ranching Practices
 

While ranching in these sectors is of a mixed type,
 

cattle breeding and growing is predominant in the uplands
 

and fattening is done in the lowlands. But the cattle from
 

the two sectors are aggregated into one herd when simulating
 

the animal demography and computing the major outputs of the
 

model. When the new alternatives of production are introduced,
 

the cattle population of the Costa is disaggregated into two
 

,populations, one traditional and one using modern techniques
 

(see Figure 1.6). The "traditional" cattle population is
 

,,assumed to subsist on the flood-free (lowland and upland)
 

areas during the rainy season. During the dry season, crop
 

residues and additional grazing land which becomes available
 

as the flood waters recede during dry months also add to the
 

nutrient supply. It has been estimated that about 400,000
 

head from Sucre alone are moved from the uplands to the low

lands in search of water and forage as the dry season advances
 

,and food becomes scarce. l/
 

!/Personal information'.
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Animals in the "modern" sector are assumed to be
 

situated on the flood-free pasture lands where adequate
 

nutrition is available from properly managed grassland and
 

supplemental feed obtained from land devoted specifically
 

to forage production. The level of husbandry is also assumed
 

to be upgraded: diseases and parasites are controlled and
 

improved breeding techniques are used.
 

Modern Alternatives
 

In considering the alternatives to traditional cattle
 

production care has been taken to select those which embody
 

a rather simple technology and are deemed to be both feasible
 

and easily transferable given the resources at hand and the
 

behavioral characteristics of ranchers in the Costa. Thus
 

the alternatives considered are focused'on investments in
 

relatively simple improvements that will advance management
 

and increase output. Outlays are spent on the most elementary
 

of inputs: fences and stock water supply to permit the
 

beginnings of managerial control; yards and corrals to offer
 

the beginnings of hea.th 1:rotection measures; seeds and
 

fertilizers to begin - ifcrease fodder production.
 

Since a major problem for cattle in the region is a
 

lack of adequate dry season nutrition resulting in substantial
 

weight losses, lower calving rates, higher death rates, and
 

"delayed" maturation, the alternatives emphasize methods
 

of increasing pasture production and growing and storing
 

forage. These not only improve nutrition but also step up
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the averagecarrying capacity, allowing either for,a larger
 

or a constant, cattle population in the face,of.expanding
 

crops andshrinking pasture area.
 

The modern alternatives evaluated in the model are:
 

(1) Pasture lands are kept with the grass species
 
already present. Fences, stock water supply
 
and corrals are established to pursue the begin
nings of managerial control and health protec
tion measures. Proper grazing rate and pasture
 
rotation are introduced to increase fodder
 
production and improve nutrition.
 

(2) The same ranching practices as in Alternative 1
 
with artificial pastures substituting for
 
natural pastures.
 

(3) The same as in Alternative 1 with forage crops
 
being used to provide feed during the dry season.
 

(4) The same as in Alternative 2 with forage crops
 
being used to provide feed during the dry season.
 

At the present stage of development of the model, the
 

modern alternatives are not competing among each other for
 

land and capital; they are evaluated in separate computer
 

runs, each one at a time.
 

Static Restrictions
 

Handling all the variables in unrestricteddynamics
 

requires a team effort which is beyond the scope of this
 

study. Thus, analytical restrictions are imposed that keep
 

some of the variables fixed. Patterns of consumption and of
 

ownership of resources, and hence an implied distribution of
 

private real income is assumed fixed; the regional population
 

is assumed constant, and the institutional set-up of the
 

economy 4,s assumed fixed. The implication of these assumptions
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for the outcome of the study will be discussed in the last
 

chapter.
 

Another restriction'imposed on this study is that its
 

primary focus is on the beef production process with only
 

gIeneral considerations ofthe reiated crop subsector, and
 

rudimentary considerations of th6 marketing element of the
 

beef subsector,
 

Procedure
 

To accomplish the objectives of this study, a multi

component but non-maximizing model of a micro-macroeconomic
 

nature has been developed. The computer simulation model is
 

composed of five basic components or building blocks (see
 

Figure 1.7) which are closely interrelated as the outputs
 

from one block serve as inputs of others. Information

feedback mechanisms build into the system add to the dynamic
 

interaction of variables within and among the various components.
 

The first, the land allocation and modernization
 

decisions component allocates land between crops and cattle
 

in the regions of competing farming activities. Land use in
 

food crops in all regions and cash crops in region 2 are
 

exogenously determined, but in subregion 1 land use decisions
 

are based on perceived relative profitabilities of the cattle
 

and cash crops enterprises. Cattle modernization decisions
 

are based on perceived relative profitabilities and the availa

b'ility of credit, investment capital, and information either
 

from farmer-to- farmer in a diffusion process or from exten

sion agents as pari of modernization'promotion efforts. Then,
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FIGURE 1.7. Building blocks of the Costa beef model.
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and/or' f t11otdolI' On t. Io,expns:i on of t.,o1,al culti vl.'d 1 i t 

operations'mayoccur as a result of',these economic decisions.
 

The second principal component takes the allocation of
 

land from the'land allocation component and, given prices,
 

costs and yields, computes agricultural production and farm
 

income. The principal element of this component is the
 

cattle demography which is computed endogenously for the
 

region and exogeneously for the rest of Colombia.
 

A third unit of the model (the price generator)
 

generates world, market and producer prices for cattle, and
 

producer prices for crops. Although market prices for cattle
 

are based on total demand and supply, prices for crops are
 

exogeneously determined. Since we are concerned with farmer
 

decision makers, the streams of future revenues and costs
 

(Equations 5.35) used in the profitability calculations should
 

reflect the farmers' expectations. Thus, the producer prices
 

used here are five-year exponential averages of recent.prices.
 

In the production component, however, current prices are used
 

to determine short-run supply responses-of cattle.
 

The remaining two components are the primary entry
 

and exit points of the system. As policy entry points,
 

cattle production campaigns (land, herd and management im

provement, and animal health) are specified and conducted
 

and credit, taxes, subsidies and export policies are set.
 

Finally, in the criteria and general accounting component,
 

several alternative criteria functions which might influence
 

a policy maker's choice of development programs are calculated
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at both interim and final stages of the simulation experi

are
ment. Farm incomes derived from meat, milk, and crops 


computed, as are capital investment and operating costs
 

incurred through implementing various modernization policies.
 

Thus, several relative benefit/cost relationships for
 

experimental modernization policies are summarized by computed
 

perfoi-mance functions which include discounted net income
 

from cattle, cattle and crop incomes, foreign exchange balances,
 

beef output, and government revenues. The ability of the
 

industry to meet the increase in demand for beef is determined
 

by computing the domestic consumption when projected exports
 

are achieved.
 

Each of these five building blocks of the Costa cattle
 

model will be described in some detail in Chapters 5 through 9.
 





P A R T II 

MODEL DESCRIPTION
 

Introduction
 

The computer simulation model of the cattle'economy
 

of northern Colombia is composed of the five basic components
 

or building blocks summarized in Chapter 4: the land alloca

tion and modernization decisions component, the agricultural
 

production component, the price generation component, policy
 

entry points, and the criteria and general accounting com

ponent. These building blocks, composed of interrelated
 

functional relationships and linkages between them (an out

put from one either being an input to another or a perfor

mance variable), are an attempt to represent the physical,
 

biological, economic, social, political, and cultural re

lationahips within and among the major segments of the Costa's
 

cattle economy.
 

Most of the equations describing these components
 

are applicable to all four modern alternatives considered.
 

But, in cases where there arestructural differences aris

ing from the underlying assumptions, specific formulations
 

are shown and discussed. Moreover, the efficiency and
 

economy of the computer model is increased with the use'of
 

subroutines written in the FORTRAN programming language.
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These subroutines permit simulation of' the b,)hvlor of* 

the various alternatives and their components over time
 

with one general model.
 

Each of the five building blocks of the Cosra model
 

will be described in some detail in Chapters 5 through 9.
 

A copy of the computer program displaying all equations,
 

value of parameters and initial conditions used in these
 

components and their related subroutines is shown in the
 

Appendix.
 



CHAPTER 5
 

LAND ALLOCATION AND MODERNIZATION DECISIONS--

CROPS/CATTLE (LAMDAC)
 

Component LAMDAC of the simulation model allocates
 

land to the production of cash crops, food crops and grasses
 

in each of the farming sectors and three agricultural regions
 

described in detail in Chapter 4 (see Figure 1.5). Briefly,
 

region 1 is subject to seasonal or permanent floodings and
 

is kept under traditional grazing practices; region 2 is
 

the flood-free area in the alluvial valleys, and region 3
 

is the area of quarternary terraces and tertiary soils
 

above the valley floor. In making these allocations, LAMDAC
 

simulates farmers' choices among the alternative uses for
 

their land based on economic and cultural factors. Modern

ization of current cattle practices is an alternative as is
 

transferring land into the production of crops or cattle.
 

Land Uses
 

In general, the land uses in the agricultural regions
 

include grasses, annuals, perennials, and wood lots. Since
 

crops are of secondary concern in this study it was not
 

considered necessary to design a detailed land allocation
 

mechanism for the various crops. Instead they are handled
 

as constant weighted averages of the major commodities grown
 

in the region. Although this assumption has the advantage
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of simplifying model computations at this stage, it prevents
 

increases in average values--caused by a rapid expansion of
 

crops with high profitabilities--affecting the pasture/
 

crops allocation decisions. Cash crops in the lowlands are
 

defined as a weighted composite of the major commercial crops
 

grown in the Costa: sesame, cotton, corn, sorghum and rice.
 

Bananas for export are grown in the banana belt north of
 

Magdalena and are computed separately. Cash crops in the
 

uplands include the same group of crops as in the lowlands
 

with the exception of rice and commercial bananas. Further,
 

it is assumed that 47.5 percent of sesame, 63 percent of
 

cotton, 28 percent of corn, and 48 percent of sorghum are
 

grown in the lowlands.
 

Food crops in all regions are defined as a weighted
 

composite of the major staples grown and consumed in the
 

1 / 
Costa: plantain and cassava. Although corn is also an
 

important staple and it is grown mainly in small or subsis

tence plots, it was included here as a cash crop because of
 

government interest in promoting its production with the aim
 

of generating an exportable surplus [57].
 

I'
 
- The weights used are as follows: (a) cash crops
 

in lowlands: sesame--.04; cotton--.265; corn--.244; sorghum-
.017; and rice--.433; (b) cash crops in upland: sesame--.054;
 
cotton--.18; corn--.74; and sorghum--.021; (c) food crops:
 
plantain--.34; and cassava--.66. These weights are derived
 
from hectares in production as reported in [7].
 

http:cassava--.66
http:plantain--.34
http:corn--.74
http:cotton--.18
http:sesame--.04
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Pastures are defined as a weighted composite of
 

artificial and native grasses, each having a different yield
 

and nutritional value. Differences in pasture yield and
 

nutritional value also arise from the four range and herd
 

management improving alternatives considered in the model.
 

Availability of Agricultural Land
 

Farming area in each region has expanded into the
 

land in forest as the latter has been cleared due to price
 

incentives, population growth, etc. Without detailed informa

tion on how these factors have influenced such expansion, as
 

an initial approximation the model exogenously computes in

creases in the agricultural land base through time using
 

first order, delay equations. These equations simulate the
 

gradual addition of new land to the agricultural land base
 

until the latter reaches the maximum area potentially available
 

in each case [21, 52, 54]. A more elaborate computation would
 

make land expansion a function of endogenous decisions and
 

would likely make use of higher-order distributed delays
 

to simulate more realistically the time response of these
 

decisions.
 

TLAVL(t) = TLAVL(t-DT) + DT (.1a)
 

D *(TLAVLO - TLAVL(t-DT)) (5.la) 

TLAVUl(t) = TLAVUl(t-DT) + DT (TLAVU01 -

DELT6T 

TLAVUl(t-DT)) (5.1b)
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TLAVU2(t) = TLAVU2(t-DT) + DT(TLAVU02
 

TLAVU2 (t-DT)) (5.1c) 

TGLSFl(t) - TGLSFI(t-DT) + DT I(TOLSFO -

DEL18 

TGLSFl(t-DT)) (5.1d)
 

where: 

TLAVL - flood-free agricultural land actually 
available in region 2 (has) 

TLAVLO - flood-free agricultural land potentially 
available at time zero in region 2 (has) 

TLAVUIJ agricultural land actually available in 
subregion 1 (has) 

TLAVU01 - agricultural land potentially available 
at time zero in subregion 1 (has) 

TLAVU2 - agricultural land actually available in 
subregion 2 (has) 

TLAVU02 - agricultural land potentially available 
at time zero in subregion 2 (has) 

TOLSF1 - grazing land actually available in 
region 1 (has) 

TGLSFO - total potential grazing land in region 1 
at time zero (has) 

DEL15,16,17,18 
- lag parameters (years). 

Additions to the cropping area in region 2 due to
 

the performance of flood control and drainage projects
 

(RLDRN) are exogenously determined by Equatlion 5.2. Irriga

tion and drainage schemes are accompanied by land distribu

tion and are undertaken and administered by the government
 

through JNCORA.
 



Administrative and construction time lags occur
 

in this process which cause the drained land to be immediately
 

unavailable for cultivation. These time lags are introduced
 

by means of the third order distributed delay of Fquation 5.9.
 

Changes in the rate at which land is drained (RLDR'J) and in
 

the time required for the completion of a project (DELl1)
 

will allow testing the effect of various policies toward land
 

reclamation on the total grazing area.
 

TLDRN(t) - min(TLDRN(t-DT) + DT*AUXI0(t-DT), TLDRNLO) (5.2)
 

CALL DELAY(RLDRN(t-DT), AUXI0, CROUTII, DELl1, DT, Kl] (5.3)
 

where:
 

TLDRN - total grassland drained and added to
 
cropping area (has)
 

TLDRNLO - total flooded land capable of drainage
 
and flood control at the beginning of
 
simulation (has)
 

RLDRN - unlagged rate at which flooded land is
 
drained (has/yr)
 

AUX10 = actual (lagged) rate at which drained
 
land becomes productive (has/yr)
 

DELAY = is a FORDYN subroutine which introduces
 
distributed delays with various properties
 

CROUTll = an array nf intermediate rates necessary
 
in simulation of the drainage delay
 

DELl1 - average length of time in the drainage
 
process (years)
 

Kll - the order of the delay (-3 in this case)
 

DT = time increment of the model (years).
 



Food Crops
 

" " Food land is land on which either subsistence or
 

cash food is actually in production. It is assumed there
 

is no competition among food crops and that they remain at
 

a constant relative proportion. Justification for this
 

assumption and its likely effects in the model's output have
 

been discussed in the section on land uses. Exogenously
 

promoted yield increases are allowed as part of the moderni

zation of agriculture, but there is no disaggregation between
 

traditional and modern production.
 

Food crop land is assumed to grow exponentially with
 

time and population growth as determined by the following
 

equations:
 

RLFC(t) - AL2*TLFCO*EXP(AL2*t) (5.4)
 

TLFC(t) - TLFC(t-DT) + DT*RLFC(t-DT) (5.5)
 

where:
 

RLFC - rate of change of land in food crops
 
(has/yr)
 

TLFCO - land in food crops at time zero (the
 
start of the model) (has) 

TLFC - total land in food crops (has) 

AL2 a a model parameter (very nearly the 
annual population growth rate) 

EXP(AL2*t) - this i an exponential function defined 
as equivalent to eatwhere a n AL2 

DT - time increment of the model (years) 

- time in years. 
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Food land in the uplands is given by:
 

TLFCU(t) - C249*TLFC(t) (5.6)
 

TLFCUl(t) - min(CFDITLFCU(t), TLAVU1) (5.7)
 

TLFCU2(t) - min((I-CFDI)'TLFCU(t), TLAVU2(t)) (5.8)
 

where:
 

TLFCU - total land in food crops in upland
 
sector (has)
 

TLFCUI a total land in food crops in subregion 1
 
(has)
 

TLFCU2 - total land in food crops in subregion 2
 
(has)
 

TLAVUI - agricultural land available in subregion 1
 
--Equation 5.lb (has)
 

TLAVU2 - agricultural land available in subregion 2
 
--Equation 5.1c (has)
 

CFDI - a model parameter allocating food crops
 
to subregion 1
 

C249 - a model parameter allocating iood crops
 
to the uplands (region 3)
 

min[a,b] - a function equal to the minimum of terms
 
within the brackets.
 

Food land in the lowlands is given by:
 

TLFCL(t) - min(TLFC(t) - TLFCU(t), TLAVLO + TLDRN(t)) (5.9)
 

where:
 

TLFCL - total land in food crops in region 2
 
(lowlands) (has)
 

TLAVLO - flood-free agricultural land available
 
at time zero in region 2 (has)
 

TLDRN - total land drained and added to cropping
 
area in the lowlands--Equation 5.2 (has)
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Cash Crops
 

Cash crop'land is land on: which commercial crops are
 

actually in production. As for food crops, cash crops enter
 

the model at a constant relative proportion without compet

ing for land among themselves. Exogenously promoted yield
 

increases are allowed also, but there is no disaggregation
 

between traditional and modern production.
 

The expansion of cash crops in region 2 is exogenously
 

determined by a constant rate near the historical trend
 

(RLCRL). In subregion 1 of region 3 this expansion is
 

determined endogenously and is discussed below in conjunc

tion with the allocation of pasture. The general assump

tion is made that cash and food crops compete for a limited
 

amount of land available for cropping (TLAVL, TLAVU1) in
 

each region.
 

Cash crop land in region 2 (lowlands)is given by
 

the following equations:
 

ALNDL(t) - TLAVL(t) + TLDRN(t)- TLFCL(t) - TLBAN(t) (5.10) 

TLCRL(t) - min(TLCRL(t-DT) + DT'RLCRL, ALNDL(t)) (5.11)
 

TLCRLR(t) - TLCRL(t) + TLBAN(t) (5.12) 

where: 

ALNDL - allocatable land (cash crops and pasture) 

in region 2 (has) 

TLBAN - total land in commercial banana (has) 

TLCRL - total land in cash crops--excluding
 
commercial banana--in region 2 (has)
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TLCRLR = total land in cash crops in region 2 (has)
 

RLCRL = rate of change of land in cash crops

(banana excluded) in region 2 (has/yr).
 

Total land in bananas for export is determined from
 

time series 	data as reported by Caja Agraria [7, 8] and
 

ass'umed to'remain after 1970 at its present area of 5,000
 

hectares which is the hurricane-free, adequately irrigated
 

region within the banana belt:
 

20,000-	 0 < t c 6
 
I7% 

TLBAN(t) 	 18,520; 8,950; 7,860 6 < t < 9 

5,000 't'>,t 10 (5.13)
 

Pasture and 	Cattle
 

Pasture land is land on which cattie are actually
 

in production. The area in pasture is computed separately
 

for each region and then aggregated to obtain the total for
 

the Costa. In region 2 and in subregion 2 the assumption is
 

made that cattle are a less profitable activity than grow

ing crops and no decision mechanism is considered; therefore,
 

pasture land is computed as a residual after subtracting
 

land in crops from the total available land in each region.
 

This simplification is based on the empirical evidence that
 

in the more 	productive lowlands the profitability of cash
 

crops outweighs that of cattle. Likewise, in small farms
 

where food crops are grown in both region 2 and subregion 2
 

cattle production is not considered as a profitable alternative.
 

In regions 1 and 2 it is also assumed that once land is drained
 

it is placed into a more intensive use and subtracted from
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grazing. The allocation of land in subregion 1 is based
 

on the relative returns to land from the cash crops and
 

.cattle activities. It is thus responsive to exogenously
 

determined crop prices and cattle prices determined endoge

nously by the model.
 

Pasture or grazing land in the seasonally flooded
 

and in the flood-free areas (regions 1 and 2) is. computed
 

as:
 

TGLSF(t) - TGLSF!(t) - TLDRN(t) (5.14) 

TGLL(t) w max(TLAVL(t) - TLFCL(t) - TLCRLR(t), 0) (5.15) 

where:
 

TGLSF1. - ae defined in Equation 5.1d
 

TOLSF - total pastu:.e land in region 1 (has)
 

oTGLI.. - total grazing land in region 2, the
 
flood-free area (has)
 

max[a,b] - a function equal to the maximum o1' terms
 
within the brackets.
 

The rate of change in grazing land in reginn 2,
 

the flood-free area of the lowlands is computed as:
 

TGLL(t) - TGLL(t-DT) (5.16)

RTLL(t-DT) DT(5.1
 

where: 

RTCLL - rate of change of total grazing land in 
region 2 (has/yr). 

Pasture land in subregion 2 of the upland is simply 

computed as: 
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TGLU2(t) a TLAVU2(t) -,TLFCU2(t) (5.17)
 

where: 

TOLU2 - total grazing land in subregion 2 (has). 

The rate of change in grazing land in subregion 2 

is given by:
 

= ~DT (.8
RTGLU2(t-DT) - TOLU2(t) - TGLU2(t-DT) (5.18) 

where: 

RTGLU2 - rate of change of total grazing land in 

subregion 2 (has/yr). 

The mechanism for allocating land to cash crops and 

pasture (traditional and modern) in subregion 1 is more 

complex than the one described for the other regions. This 

part of the model gradually shifts land to the activity 

with the greatest return per unit of land. First, the model 

allocates farming land to food crops as shown in Equations 

5.4 through 5.7. The remaining area is then allocated to
 

the land in the mos' profitable of the two other cash earners
 

--cash crop and pasture.
 

The following equations apply:
 

ALNDUI(t) - TLAVUI(t) - TLFCUl(t) (5.19) 

DLFCUI(t) - TLFCUI(t) - TLFCUI(t-DT) (5.20) 

where: 

ALNDU1 - allocatable land in subregion 1 (has) 
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DTP UI - change I, roodi crops 1.111d III :1iu 'rlolt' I 
(has) 

Land shifts to the more profitable activIty at a 

rate that is proportional to: 

1) the percent difference in cash returns per unit 
of land that exists between tne two activities, 

2) the amount of land iurrently allocated to the 
lesE. profitable activity, and 

3) a model parameter, CLl, which can be varied to 
match prevailing farmer behavior. 

The rate of land transfer is given by: 

(5.21)
RLCRU(t) CLI*XTLU(t)*(DCRU(tQlDCRU(t) - DRLAV(t))
" "
 

where: 

RLCRU = rate of change of cash crops land in 
subregion 1 (has/yr) 

DCRU - discounted sum of returns over the planning 
horizon for cash crops in subregion 1--
Equation 5.34 (Ps/ha) 

DRLAV - discounted sum of returns over the planning 
horizon for cattle production. This is an 
average of traditional and modern production 
--Equation 5.33 (Ps/ha) 

XTLU - total grazing land if DCRU > DRLAV 

- total land in cash crops if DCRU < DRLAV (has) 

CLl - a model parameter that controls the speed 
of land adjustment 

- the absolute value. 

Positive rates of transfer mean shifts from pasture 

and cattle grazing to cash crops; negative rates mean shifts 

from cash crops to pasture. 
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Land transferred from grasses to cash crops is
 

immediately available for crop production, but the rate
 

at which land transfers from cash crops to grasses is de

layed to account for the time needed for grasses to become
 

well established and to begin production at full grazing
 

capacity.
 

This time lag is simulated by the following
 

distributed delay:
 

CALL DELAY(AUXI(t-DT), AUX2, CROUT4, DEL4, DT, K4) (5.22)
 

where: 

AUXI a unlagged rate of transfer of cash crop land 

to grazing land: < 0 if DRLAV > DCRU 

- 0 if DRLAV < DCRU (has/yr) 

AUX2 - lagged rate of transfer of cash crop land 

CROUT4, DEL4, DT, K4 
- elements of the DELAY subroutine defined 

earlier (p. 84). 

Additions to food land in subregion 1 can come either 

from land in the least profitable of the remaining activities 

or from both cash crop and grazing land in specified propor

tions. Land also could be allocated to food from grazing 

land even if the latter is more profitable than cash crops. 

Such allocation is performed in the model by means 

of the variable AUX4 and the paremeter CL2. If cash crops 

are more profitable than cattle, the rate of change of land 

In cnh crop:; 1:t positLive (RICPIJ , 0) and all the increrane 

in food land comes from land in grasses. 
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If cattle are more profitable than cash crops, the
 

rate of change of land In cash crops is negpative (flLCRIJ < 0)
 

and the increase in food land comes from land In cash crops
 

and/or land in grasses depending on the value of the model
 

,arameter CL2(0 < CL2 < 1):
 

If CL2 - 0 all new land in food crops comes from
 

land in grasses, modern and traditional
 

If CL2 = 1 all new land in food crops comes from
 

land in cash crops.
 

The variable AUX4 is then computed as:
 

CL2*DLFCUI(t), DRLAV > DCRU (5.23a)AUX14(t) {=0 2DFUC)
 DRLAV < DCRU 
 (5.23b)
 

where: 

AUX4 - transfer of land from cash crops to food 
(has) 

CL2 - a model parameter that allocates the change 
in food land between cash crop land and 
grassland. 

Given the above allocation mechanism, total land in 

cash crops in subregion 1 is: 

TLCRU(t) - max[min(TLCRU(t-DT) - AUX4(t) + DT*(AUX2(t-DT)
 

+ AUX3(t-DT), ALNDUI(t))), 0] (5.24)
 

where:
 

TLCRU - total land in cash crops in subregion 1 (has)
 

AUX3 n rate of transfer of grazing land to cash
 
crops land (- RLCRU) if DRLAV < DCRU
 

- 0 if DRLAV > DCRU (has/yr).
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Equation 5.24 essentially computes the time integral
 

of the total rate of change of cash crop land limited to
 

preclude the possibility of negative land and expansion
 

beyond the allowable land limits (ALNDU1--Equation 5.19).
 

Given total allocatable land from Equation 5.19
 

and total land in cash crops from Equation 5.24, the model
 

computes total grazing land (in subregion 1) as:
 

TGLUl(t) = ALNDUl(t) - TLCRU(t) (5.25)
 

where:
 

TGLU1 = total grazing land in subregion 1 (has).
 

The rate of change in grazing land in subregion 1
 

is given by:
 

TGLUI(t) TGLUI(t-DT)RTGLUI(t-DT) = = -DT (5.26) 

where:
 

RTGLUI = rate of change of total grazing land in
 

subregion 1 (has/yr).
 

The total grazing land in the Costa is simply the
 

sum of grazing land in each of the farming sectors and is
 

given by the following equations:
 

TGLU(t) = TGLUI(t) + TGLU2(t) (5.27) 

TGL(t) TGLL(t) + TGLU(t) (5.28)
 

TGLR(t) = TGL(t) + TGLSF(t)*C9 (5.29) 
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where:
 

.TGLU = total grazing land in upland sector (region 
3) (has) 

TGLUl = total grazing land in subregion 1 (has) 

TGL = total (flood free) grazing land in regions 
2 and 3 (has) 

TGLR = total grazing land in the Costa region (has) 

C9 = a model parameter that adjusts seasonally 
flooded grasslands to permanent grazing land. 

Grazing land in region 1 is subject to periods of
 

six months and longer.
flooding that last from a few weeks to 


Since we are inte 'ested in the permanent stocking capacity
 

of grasslands, seasonally flooded grazing land is adjusted
 

in the model to a permanent grazing land equivalent. This
 

is done by the model parameter C9 of Equation 5.29 which is
 

a weighted composite of area and length of flooding.
 

Alternatives
 

In principle, every current land use is a conceivable
 

fnrming
alternative to every other present use in the same 

In practice, however, certain assumptions can besector. 


made which will reduce the multitude of alternatives and 

will simplify the model. ( n(e the model I:; focuned 

primarily on cattle production, only alterntitivon concerned 

with the Introduct ion of technological ch:ing,e In this 

activity will he considered In detall. The alternatives 

to traditional cattle production included In thin study 

are those described in Chapter I and connidered as feasible 

in every agricultural region with the exception of region I.
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Pasture land in this region remains under traditional
 

management throughout the simulation.
 

Implicit in the allocation of land in region 2 and
 

subregion 2 is the assumption that both food and cash crops
 

are more profitable than cattle. Here, the allocation of
 

land to food production has priority In order to meet the
 

nutritional requirements and consumption preferences of the
 

population. The remaining land is then first allocated to
 

cash crops and finally to pasture. In subregion ] a more 

complex allocation mechanl:sm has been de-cribed; land is 

first allocated to food production and then to cash crops 

and cattle based on their relative profitabi]ities. 

Although the present structure of the model re

stricts consideration of cattle production alternatives to 

one each simulatlon, future expansion could Include compe

tition among modern g-razing alcernatives . The model also 

could be oxpanded to inlc)W1(' competition among crops and a 

realistic, though more complex, decislon-makrg mechanismmore 

and pasturefor the allocation of land between individual crops 

in all reglons.
 

Cattle Mod, onb.ation Decinions 

hand ur.e deci iono between cattle and cash c'ps have 

been dinvutied ahbov Iti Fquationn 5.19 to 5.23. In thin 

section wt. ar. ma I ly corie!r'ned wi th the mor, complex decision 

mechnnItir of attl rt~cI rnI zantion . ''h.e raite at which cattle 

relativetodernivatoii taa1t, p lice tpernldt on the profitability 
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of each alternative, on modernization promotion efforts,
 

on diffusion effects, on the availability of capital, and
 

on the behavioral characteristics of the farmers making
 

decisions. These considerations will be discussed in detail
 

below.
 

Profitabilities
 

Farmers' decisions among the alternative uses for
 

their land are based upon their perceptions of the relative
 

profitabilities of the available alternatives. These
 

decisions have been .estricted to the allocation of land
 

between pasture and crops in subregion 1, and between
 

traditional and modern cattle in all regions but region 1.
 

In the first case, the relative profitability is given in
 

Equation 5.21 above. The relative profitability of the
 

modern cattle production alternatives is given by:
 

PDR(t) - DRLAM(t) - DRLAT(t) (5.30)

IDRLAT(t)I
 

where:
 

PDR - the relative profitability differential
 
(dimens onless)
 

DRLAM - discounted sum of returns over the planning
 
horizon for modern cattle production--

Equation 5.31 (Ps/ha)
 

DRLAT = discounted sum of returns over the planning
 
horizon for traditional cattle production--

Equation 5.32 (Ps/ha).
 

Land use profitabilities are defined as the present
 

value of the stream of net income farmers expect to receive
 

over some relevant planning horizon. The model computes
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the sum of the discounted present value of returns to a
 

land use from the present to the planning horizon. This
 

discounted sum is the "profitability" of that land use.
 

But while expected revenues and costs from modern cattle
 

vary over the planning horizon, those from traditional
 

cattle and cash crops are assumed to remain constant.
 

Equation 5.31 computes the profitability of modern cattle:
 

=
DRAIt =' n (TRLAMI(t) - TCLAMi(t)) (5-31)
DRLAM(t) 

i=l (1 + DIR)i
 

where: 

DRLAM = is defined in Equation 5.30 

TRLAM = total revenue from modern cattle--
Equation 5.35c (Ps/ha-yr) 

TCLAM = total costs of modern cattle--
Equation 5.35d (Ps/ha-yr) 

DIR = the relevant discount rate (proportion/ 
year) 

= indexes the n years of the planning 
horizon. 

The profitability of traditional cattle is given by; 

n 1

DRLAT(t) = (TRLAT(t) - TCLATL(t)),I 1 (5.32)i=l (I + DIR) i 

where:
 

DRLAT = as defined in Equation 5.30
 

TRLAT = total revenue from traditional cattle--

Equation 5.35a (Ps/ha-yr)
 

TCLATL = exponential average of total costs of
 
traditional cattle--Equation 5.35b (Ps/
 
ha-yr)
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)TR -	ar (defIned In It:cn t.Iot '. I 

i = 	tncexes the n years of thc plannnlgl 
horizon.
 

The average profitability of all cattle used in
 

Equation 	5.21 is given by:
 

+ TRSL(t))

DRLAV(t) 	= (DRLAT(t)*TTGLR(t) + DRLAM t)*(TLMOD(t) 
TGLR(t)
 

(5.33)
 

where:
 

DRLAV - averaged discounted sum of returns over the
 
planning horizon for cattle production
 
(Ps/ha)
 

TTGLR - total traditional grazing land in the Costa
 
region--Equation 5.51 (has)
 

rLMOD - total grazing land in modern production--

Equation 5.48 (has)
 

rRSL = total land in transition from traditional to
 
modern cattle production--Equation 5.46
 
(has)
 

TGLR = 	total grazing land in the Costa region--

Equation 5.29 (has).
 

The profitability of cash crops in the uplands is
 

computed 	as:
 

n
 

DCRU(t) = (TRCRU(t) - TCCRUL(t))* I 1 (534)
 
i-l (1.+ DIR).
 

where:
 

DCRU - discounted sum of returns over the planning
 
horizon for cash crops production in the
 
uplands (Ps/ha)
 

TRCRU - total revenue from cash crops--Equation 5.35e
 
(Ps/ha-yr)
 

TCCRIUT, 	 exponential average of total costs of cash
 
crops--Equation 5.35f (Ps/ha-yr)
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DIR = as defined inEquation 5.31., 

With the purpose of making all discounted present
 

values comparable, the profitabilities are computed using
 

a planning horizon common to all. In this case, this period
 

of time is 12 years, the planning horizon selected for modern
 

cattle. The discount rates used to compute the present value
 

of future returns are behavioral parameters in the model.
 

They reflect farmers' rates of time preference and the vary

ing risks of each alternative. In general, the more risky
 

and unfamiliar the alternative, the higher the discount rate.
 

Since we are concerned with farmer decision makers,
 

the streams of future revenues and costs (Equations 5.35)
 

used in the profitability calculations should reflect
 

farmers' expectations. These expectations are assumed to
 

be reflected in five-year exponential averages of recent
 

producer prices. Prices of cattle are determined endogenously
 

(Equation 7.2) but prices of crops are determined exogenously
 

and projected into the future with the same trend as costs.
 

The form and computation of producer price averages and
 

trends are discussed in detail later in the description of
 

the price generating component (Chapter 7).
 

Similarly, the stream of crop yields farmers expect
 

are the yields they currently experience rather than the
 

potential production reported by experiment stations.
 

Increased yields are considered later in Chapter 12 as
 

part of the policy experiments. Additions to expected
 

revenues are any cash and/or price subsidies which may',be
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offered as part of a modernization program, and the pay

ment of development credits.
 

The cost side includes taxes on land and cattle,
 

biological, chemical, labor, and capital input requirements
 

over the planning period. Associated input prices are
 

exogenous in the model and are projected into the future
 

according to rate of increase in farm costs. Production
 

costs of crops are averaged and lumped in one figure while
 

those of cattle are computed separately; but all costs are
 

also exponentially averaged when they enter in the computation
 

of profitabilities. Exponential averages of past costs are
 

used here to reflect farmers' expectations of future cost
 

streams. The computatio. of costs is discussed more fully
 

in Chapter 6.
 

Total revenue and total cost of traditional cattle
 

are computed as:
 

TRLAT(t) = (EPAP(t)*ESLSPT(t) + PRMT'EQMT(t))
 

TTGLR(t)
 

+ AGSUBT(t) (5.35a)
 

TCLATL(t) - TCLATL(t-DT) + --- *(TCLAT(t-DT)
DEL19 (CA~-T
 

TLCLATL(t-DT)) (5.35b)
 

where:
 

EPAP - the expected producer price of finished 
males--Equation 7.5a (Ps/animal) 
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ESLSPT = the expected animal sales--(animals/year)! /
 

EQMT . the expected production of milk--Equation
 
6.21b (liters/year) 

PRMT - the price of milk (Ps/liter) 

AGSUBT = subsidies paid to traditional cattle 
(Ps/ha-year) 

TTGLR - as defined in Equation 5.33 

TCLAT a total traditional cattle costs (unlagged) 
(Ps/ha-year)1 / 

DT a time increment of the model (years) 

DELl9 - lag parameter (years). 

The stream of revenues and costs over the planning 

horizon for modern cattle production reflect different 

expectations according to the alternative adopted. Chang

ing expectations throughout the planning horizon are 

simulated by a set of coefficient arrays (SINCR, TMINCR) 

that increase output and co3ts over traditional cattle as 

perceived by farmers. Values of these coefficients for 

each of the four modern alternatives are shown in Table II.4 

in Chapter 6. Total revenue and total cost over the planning 

horizon, i-l, ... , n, are computed as: 

TRLAMi(t) - (SINCRiIEPAP(t)*ESLSPT(t) + EPAP(t)*BINCR i 

OAUXLl2(t) + TMINCRi*PRMT*EQMT(t))/TTOLR(t)
 

+ ELOANit) + AQSUBMi(t) (5.35c)
 

!/For detailed computation of these variables see
 
subroutine AGACC in the Appendix.
 



TCLAMi(t) = EOPCLMi(t) + EOCLNMi(t) + ETCECi(t) +
 

EDBSERi(t) + ETk~C( ) +"EVLbTXi(t)*ECADEMi (5.35d)
 

where:
 

'SINCR = expected increase in sales over the planning 
r ! ; from the modern herd (dimensionless).,,-horizon 


"'TMINCR 	 expected increase in milk production over
 
the planning horizon (dimensionless)
 

iNCR = 	 expected increase in inventory over the 
planning horizon (animals/year) 

,rAUXL12 = finished male equivalent of cattle prices
(proportion)!/
 

-AGSUBM = 	 subsidies paid to modern cattle producers
f (Ps/ha-year) 

J;ELOAN 	 expected payments of development loans--

Equation 6.40g (Ps/ha-year)
 

-EOPCLM = expected operation costs of modern cattle
 
--Equation 6.40a (Ps/ha-year)
 

.EOCLNM = expected operation costs of modern grazing
 
land--Equation 6.40b (Ps/ha-year)
 

ETCEC = expected total cash establishment costs--

Equation 6.40f (Ps/ha-year)
 

EDBSER = expected debt service of development
 
credits--(Ps/ha-year)2_/
 

ETXC = expected taxes on modern cattle--Equation
 
6.40d (Ps/ha-year)
 

EVLDTX = expected taxes on modern grazing land--

Equation 6.40c (Ps/ha-year)
 

ECADEM = expected depreciation on equipment and
 
improvements--Equation 6.40c (Ps/ha-year).
 

1/For a detailed computation of this variable see
 
subroutine DEMOG in the Appendix.
 

2 For a detailed computation of this,:variable see
 
subroutine AGACC in the Appendix.
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,Total revenue and total cost of cash crops inthe
 

uplands are computed simply as:
 

TRCRU(t) = EPCRPU(t)*EYLDCU(t) (5.35e) 

DT*(CRt-T 
TCCRUL(t) = TCCRUL(t-DT) + (TccRU(t-DT) 

- TCCRUL(t-DT)) (5.35f)
 

where:
 

TCCRU = total costs (unlagged) (Ps/ha-year)! /
 

EYLDCU = expected yield--Equation 6.1 (Tons/ha-year)
 

EPCRPU = expected producer price--Equation 7.5b
 
(Ps/Ton)
 

DEL22 = lag parameter (years).
 

Promotion and Diffusion
 

In the process of estimating the profitability
 

differentials of the various alternatives, farmers need
 

certain information. The information required by farmers
 

include future producer prices, expected yields, government
 

or private subsidy and loan programs, and expected costs.
 

In the model this is provided as part of the promotion effort
 

and in the form of "information units." These information
 

units not only include extension agents, the main instru

ments of disseminating information, but also any other means
 

of mass communication (radio broadcasts, films, and newspapers).
 

!/For a detailed computation of this variable see
 
subroutine AGACC in the Appendix.
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While promotional information units (extension agent
 

equivalents) are exogenously generated as a policy (Chapter 8),
 

the model also computes (Equation 5.39) the demonstration
 

effect of farmers learning from one another about alternative
 

land uses.
 

Transition Responses
 

Changes in land use patterns reflect farmers' responses
 

to the perceived profitabilities of the available grazing
 

alternatives. The assumption is made that all farmers
 

modernizing their systems of production, either because of
 

promotion or diffusion, will receive the same type of public
 

and private incentives. Therefore, the perception of the
 

profitability of the new methods will be the same in both
 

cases.
 

The profitability response function (Equation 5.36)
 

determines how many hectares of land an information unit can
 

transfer per year from traditional to modern management.
 

This calculation depends on the profitability of the alter

native and the behavioral characteristics of the farm deci

sion makers (see Figure II.1).
 

*PRl(t) = max[E7*(l-EXP(-E8*(PDR(t)-E9))), 0] (5.36) 

where:
 

PRI = a variable which introduces the effects of the
 
profitability criterion, PDR, upon the adoption
 
rate (proportion)
 

E7 = maximum DroDortion attainable--a model parameter
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E8 

E9 

-the rate of promotion response with respect 
to profitability (dimensionless) 

- the promotion response threshold (dimension

less) 

EXP - exponential function 

max = takes the maximum of the term within the 
brackets 

PDR a the relative profitability differential--

Equation 5.30 (dimensionless).
 

As shown in Figure II.1, the parameter E7 determine!
 

the maximum value of the function. The threshold (E9) and
 

response rate (E8) parameters reflect the farmers' attitude
 

and behavioral characteristics which affect the rate of the,
 

response to the relative profitabilities of their various
 

alternatives. These two parameters represent a wide range
 

of attitudes toward risk involved in the new methods, un

certainty related to social stability, government programs
 

*PRI
 

ELarge E8 

0 E9 PDR
 

FIGURE II.l. The profitability response function.
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and promises in general, and the land tenure system. It
 

is clear that a wide range of adaptor behaviors can be
 

simulated by appropriately assigning values to these three
 

parameters. Since farmers will have different attitudes
 

toward extension agents (or other promotional effort:) than
 

they will toward one another, the values of the parameters
 

may be different for promotion responses than for diffusion
 

responses.
 

The profitability and behavioral criteria are
 

instrumental in determining the rates at which farmers will
 

respond in a diffusion process or to overt campaigns introduc

ing modern methods. The rate at which land enters a moderni

zation process as a result of overt promotion is given by
 

Equation 5.37.
 

RLMPI(t) - E3(t)*PRl(t)'EXTl(t) (5.37)
 

where: 

RLMPI - rate at which grazing land enters moderni
zation due to promotion (has/year) 

EXTI - units of pre-campaign promotion--a policy 
variable 

E3 - the maximum feasible adoption rate per unit 

of EXT1 (has/year per unit of EXTl) 

PRI - as defined in Equation 5.36. 

As the program progresses, the promotion effort
 

becomes more efficient and the adoption rate likely will
 

be increased. This phenomenon is simulated by Equation 5.38.
 

Here, E3 has its maximum value (E31-E32) at the beginning
 

of a campa'.gn (TCAM-0) and approaches its maximum value
 

http:campa'.gn
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(E31) when TCAM is large. Again, a wide range of real-world
 

situations can be simulated by appropriately assigning values
 

to the model parameters.
 

E3(t) = E31 - E32*EXP(-E33*TCAM(t)) 	 (5.38) 

where:
 

TCAM = 	 the length of time the production campaign 
has been in operation (years) 

E31, E32, E33
 

= model parameters. 

The rate of adoption due to demonstration effects
 

depends on the differential between modern and traditional
 

productivities and on the behavioral characteristics of
 

farmers. The diffusion rate (Equation 5.39) is also a func

tion of the land which remains under traditional management
 

(TTGL) and the land which has been modernized (TLIOD). If
 

there is no land in either use, there i- no demonstration
 

effect and no diffusion, while the diffusion rate Is greatest
 

when there is as much land in the alternative use as in the
 

present use. Thus, the rate at which diffusion takes place
 

reflects the S-shaped curve of diffusion theory [1].
 

RLMDI(t) = PRI(t)*TTGL(t)*TLMOD(t) 	 (5.39)
TGLO
 

where:
 

RLMDI = rate at which grazing land enters moderniza
tion due to diffusion (has/year)
 

TGLO - total (flood free) grazing land at the begin
ning of the simulation (has)
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The total land entering modernization, RLMI, due
 

to the combined effect or promotion and difrunion Ia pimply
 

computed an: '
 

RLMI(t) - HLMPI(t) + RLMDI(t) (5,40)
 

The transition rate (kquation 5.41) t. constrained 

by available ctpttlil aJ.i latged to accourt for lelaya in 

establitmrig a modern itl~trniative. Sitice the Cot',?. 'm a 

surplun area (iee Chapter 3), requirements or et.q-tal rnr 

buyinr cattle art- riot con---iered lr the atigzvrvt- fre "!.e 

region, though thin It, !in I portattt 'actt,r . trt I 

Individual farmn. t dtintatd rr eip itai invert-Thun, t u ror 

ment In renitriett-d to frtrm Imp, ovri.ent , 'ILt- e itj II a I 

available (NrFIP) I Ie er-nor- t # t'ln Oi noIudti Cal Ital €i o€rrotoly 

income (after nilowing for conrum|ption), tr.y,,rf-rh rrcm tho 

cropa nubst-ctor, and pot t-ftitil credit, dej icIr, 1ot'hr m 

consider competition for capital tbetween y pVritmer.ti atn

consumption; It it, tta. rl itn ! n t,fi t it elaimt ntt2o ,ur-rid cotn 

to farm income aril Inventment in tl -itei ars .1rrtI,!ual, 

,, ,u t, ) ic 

In Jurt I I,,-I he.re lieItiurlt, -f the," lirk ori t, n tht, 

Thin ov,.'+1,np r i ?I#c+ Amijtiol/fivlft Itt | i 

1 a ll it. rui l ,C:)r tlt )tnI(1 sv ilne, patt rilrt of rtirmorr+. th- tl+g 

In addItion, r t /ti on tlr V i!/.V It|n i iiitttr rtmiu of t It 

and annet Un lntce dec1lnion of rartiIPm) reqUirei the vct ttillfh

ment, of a prornce frunctjoi In ordtmr tr4 min1mirtl t('th 

natiefaction an well ta returno from different Inventm*nts 

http:pVritmer.ti


un4or conditions of changing Intercat rates, r1ok, and
 

uncert~inty.
 

Tho 4vailability Of 0apit~l 404 creit w111ltie dijs

cunood more fully in the 41ocuaotws or tho Aceountine and 

PorrormiAnco Critori4 Coponent (Chapt cr 9). Le .- eqire

mento or credit for Uivelopment (quatiun .4'4 fr dtwter

t~lned by out~tractinz rrom the towa taci~~ oste the 

proportio~n orf those coat* m~et ty tt~e ri-r,5 ewt;, reoct~rccd 

Vottlhmnt, coats are re4tueei tc 4n 4f~ 	 MCI the 

cre4lt requlr#d In thtv year the trwi.Wcc Is 	 t~ 

rtlazed to wteyevr credlit ftjg~a 4re akvtltl 'adt, aT

*H	unla~et1 rwe of rr~~to. ntar 
ty 40V0OPMOpnt Cre4tt brAJ fr~rea Inveit-
MOMfl 04PIthl (ts a/Year) 

tyl W0149164 osjtrt.tl ratt 4t which4 	 4ni4 uvt 

A, i 411bwatlo rat(- or moo1rntt~tlon .1epow11ng 

On 4V liabilitY Orf 41eVelOPM~t coetit-

1ittIOD ' .,1 (haa/yotir) 
*allowatilo rat# or modorniotatioi depond

tig~ on capabilty or frmor to moot his 
roquirtl #taro or tho ontabloshmont coat@--
Equation 14.4vl (has/y@ar) 

APM wlowable rot# or iodprniaation deponding 
on farmorlo eapsbiItty to meet total oatab
litsonptt oto withou~t .tovelopmont credit-

I 

http:osjtrt.tl


ill 

mln[ab] a a function equal to tie minimum of' terms 
within the brackets 

max[ab) a a function t-qual to the maximuni of terms 
witlin thel brackets. 

The varlableb ARM], ARM2, and ARM3 (Equations 5.42)1 

that determine the constraints to the rate of modernization 

require further explanation. If credit for development is 

not avali",le (ARM] - 0; ARM3 > 0) the rate of moderniza

tion depends on the farmers' capability to meet tn- total 

eatablishment cost:1. If development credit is in arple supply 

but the inve9stmeont capital of the participating farmers is 

not enough to meet their required share of thie e.-tablirnment 

costs (APMI > ARM?; AIM3 = (), the rate of modernization 

depends on the farmers' aval2able Investment capital. If 

development credit is available and the investment capital 

of the participating farmers I.- more than enough to meet 

their nhare of the entablishment costs (ARM] < ARM?; ARM3 > 0), 

the model a:isums that the remalning capital I.-reinvested in 

the farm and the rate of modernization Is increased by an 

amount equal to the allowable rate without credit support 

(ARM3). This I.[ to ,say that resources in modern cattle pro

ductlon are, belng used at a low opportunity cost. 

ARMI - ci'I' ((t ) (5.42a)
 

AHM2 m 1C II t,-1)T) LT1( .4b

"KM. t: ) *-R PTN (5.42b)
 

I/Equatlonfl 5.42b and 5.42o have implicit in the
 
donominator a one-year multiplicative factor that provides
 
the deired unitn.
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ARM3(t)
 

(NCFR(t-DT)-min(ARM!(t), ARM2(t))*RPTN*TCEC(t)/LTI)*LT1
 

TCEC(t)
 

(5.42c)
 

where: 

ARM1 = allowable rate of modernization depending on 
availability of credit (has/year) 

ARM2 = allowable rate of modernization depending on 
capability of ranchers to meet their share 
of establishment costs (has/year) 

ARM3 = allowable rate of modernization depending on 
ranchers capability to meet total establish
ment costs without development credit support 
(has/year) 

CREDT = credit available for modernization--Equation 
9.4 (Ps/year) 

CRTREQ = per hectare credit requirement (Ps/ha)
 

LTl = time over which development loans are paid-
a policy variable (years)
 

RPTN = farmers' participation of total establish
ment costs--a policy variable (0 < RPTN < 1) 
--proportion 

NCFR = net investment capital of farmers--Equation
 
9.13 (Ps/year)
 

TCEC = total cash establishment costs--Equation
 

6.37 (Ps/ha).
 

The modernization process is simulated as a series
 

of exponential delays which allow for the possibility of
 

"dropouts" and represents the phenomena of random moderni

zation times for individual farms in the aggregate. Equations
 

5.43 describe this process. 

1 ](1--7)7+ r~i~t) (5'.43a)fi1(t) - I)(t-DT) + DT*u(CHM(t-DT) - RI](t-TI)) 
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XRl(t) = R1(t)*A5 (5.43b) 

R2(t)= R2(t-DT)+ DT *(XRl(t-DT) - R2(t-DT)) (5.43c)DT
 

RLM(t) = RLM(t-DT) + -- *(R2(t-DT) - RLM(t-DT) (5.43d)XDEL
 

where: 

CRM = as defined in Equation 5.41 

RLM = average rate land leaves the modernization 
process and begins producing at modern levels
 
(has/year)
 

XDEL = one-third of the average time required for
 
modernization (years) 

A5 = one minus the proportion of land that "drops
out" due to shortage of technical assistance 
and credit--Equation 5 .44. 

Rl, XRl, R2 
= intermediate rates (has/year). 

The "dropouts" response function (Equation 5.44) 

determines the proportion of land that remains, A5, after 

land "drops out" due to the shortage of extension workers 

and/or development credit. 

A5(tmln---EXTA(t) 

A5(t) = min(El2*EXTRt ), l)*(AUX7(t) + AUX9(t)*min 

ACRDT(t) (5144)
(El3*DCRDT(t) (
 

where:
 

EXTR = extension workers (or the equivalent) re
quired to sustain the modernization program
 
--Equation 5.45 (man-years)
 

EXTA = extension workers available (man-years)
 

ACRDT = credit allocated for modernization--a
 
policy variable (Ps/year)
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DCRDT = total demand for development credit--

Equation 9.3 (Ps/year) 

AUX7 = actual proportion of total land being 
modernized with resources other than develop
ment credit 

AUX9 = actual proportion of total land being 
modernized with development credit resources 

E12, E13
 
= adjustable model parameters
 

min[a,b]
 

= the minimum of a and b.
 

The calculation of A5 involves the combined effect
 

of two functions which have the same response patterns. One
 

depends on the ratio of available extension workers to the
 

number of extension workers required to sustain the moderniza

tion programs; the other on the ratio of credit allocated for
 

modernization to the total demand for development credit.
 

As Figure 11.2 shows, the parameter E12 (E13) which governs
 

the sh-pe of the response function determines the threshold
 

at which dropouts from the modernization process start and
 

the dependence of the dropout rate upon the ratios EXTA/EXTR
 

and ACRDT/DCRDT.
 

The extension workers required (EXTR) are computed
 

in Equation 5 .45 as the number of man-years needed to pro

vide technical assistance to the land in transition from
 

traditional to modern management (TRSL).
 

EXTR(t) = C257*TRSL(t) (5.45)
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where:
 

C257 -the extension workers to grazing land ratio-
a model parameter (man-years/ha).
 

In order to compute inputs required for modernization
 

it is important to know how much land is in the modernization
 

process at any given time. The land in modernization is
 

simply the 	sum of the time integrals of Equations 5.43.
 

Equation 5.46 computes TRSL--the land in transition from
 

traditional to modern practices due to overt promotion and
 

diffusion.
 

TRSL(t+DT) 	- (XRl(t) + R2(t) + RLM(t))*XDEL (5.46)
 

1E12 (E13) - 2 

E12 (E13) a 1 

1 	 EXTA/EXTR
 
ACRDT/DCRDT
 

FIGURE 11.2. The land "dropout" function.
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A final economic decision to be made is whether some
 

modern grazing land should be reverted to traditional practices
 

if the profitability of modern methods drops significantly
 

due to declining output prices, increasing input prices, etc.
 

Figure 11.3 shows how the model (Equation 5 .47) handles this
 

reversion will occur unless
decision. It is clear that no 


the profitability cirteria relating modern returns to tradi

tional returns (PDR) drop below some threshold value, in which
 

case, the reversion to traditional practices will occur at an
 

the profitability conincreasing rate, up to a maximum, as 


tinues to fall. The adoption response function and the re

version response function, which are not symmetrical, attempt
 

PR2(t)
 

Ell 

E81 large
 

E91 PDR(t)
 

FIGURE 11.3. The reversion response function.
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to capture by proxy the farmers' investment and disinvest

ment decisions.
 

PR2(t) - max(Ello(l-EXP(-E81*(E9l-PDR(t)))), 0) (5.47) 

where: 

PR2 - proportion of total land in modern production 
which reverse to traditional practice
 

PDR - the profitability criteria of Equation 5.30
 

Ell - maximum proportion that will be reverted
 
(proportion/year) 

E81 - a parameter regulating the reversion rate 
(dimensionless)
 

E91 a reversion threshold (Ps/ha).
 

The rate by which modern land reverts to traditional
 

uses is simply the product TLMOD(t)*PR2(t).
 

whcre:
 

TLMOD - the total land in modern production (has). 

Given this reversion rate and the rates land is
 

being modernized by production campaigns and diffusion, it
 

is possible to compute the total modern land, TLMOD, assumed
 

to produce at modern productivities. This is done in the
 

model separately for agricultural region 2 (lowland) and for
 

subregions 1 and 2 of agricultural region 3 (uplands).
 

Equation 5.48 first allocates grazing land entering moderni

zation among the three regions in the same proportion graz

ing land in each region is of total flood-free grazing land,
 

then subtracts the modern land reverting to traditional
 

practices, and finally allocates any change in total grazing
 

land over time between traditional and modern practices.
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GLTOTi Ct)
TGL(t)
 

- max{min[TLMODi(t) + DT(RLM(t),TLMODi(t+DT) 


ENT*TLMODi(t)*RTGLi( ) 

- TLMODi(t)*PR2(t) + ~GLTOT tI I 1(t)
 

GLTOTi(t)), 0) (5.48)
 

where:.' 

RLM - as defined in Equation 5.43d 

OLTOT - total grazing land in the given agricultural 
region (has)
 

RTGL - rate of change of total grazing land in the
 
given agricultural region (has/year)lf
 

ENT - a model parameter (E6, El0, El4) that
 
determines the percentage of land entering
 
or leaving pasture production that enters
 
or leaves modern production 

TOL - total (flood-free) grazing land (has) 

i - indexes the agricultural regions, i-l, ..., 3. 

The inclusion in Equation 5.48 of the term involving
 

RTGL requires further discussion. Since, over time, the land
 

allocated by decision makers to cattle production will change,
 

there is a question about how these changes should be allocated
 

to traditional and modern production. The model formulation
 

permits the user to make a number of assumptions about this
 

through adjustment of the parameter ENT. For example if
 

ENT - 0, the model allocates all increases and decreases in
 

total land to traditional production. If ENT - 1, the model
 

allocates changes in land area to traditional and modern
 

I/For detailed computation of rate of change in
 
lowlands, subregion 1 and subregion 2 (RTGLL, RTGLU1 and
 
RTGLU2, respectively) see subroutine LANDAL in the Appendix.
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production proportionately according to the percentage each
 

is of total land. Further, if:
 

ENT - 1 when RTGL > 0 and 

ENT = 0 when RTGL < 0, 

the model allocates net increases in total land proportionately
 

to modern and traditional production and subtracts all de

creases from traditional production, etc.
 

Total flood-free land in modern (TLMODR) and tradi

tional (TTGL) production in the Costa is computed as: 

TLMODR(t) - TLMODi(t) (5.49) 

i-i
 

TTGL(t) - TGL(t) - TLMOD(t) - TRSL(t) (5.50) 

where:
 

TTGL - total flood-free grazing land in traditional
 
production in the Costa (has).
 

Finally, Equation 5.51 computes flood-free and
 

seasonally flooded grazing land in traditionalproduction
 

(TTGLR) in the Costa.
 

TTOLR(t) - TTGL(t) + TOLSF(t),C9 (5.51)
 

where:
 

TGLSF - total pasture land in the seasonally flooded 
region--Equation 5.14 (has) 

C9 - a model parameter adjusting seasonally 
flooded grasslands to permanent grazing land. 
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Cattle Transfers
 

As pasture land is modernized and forage production
 

increased, cattle are moved to graze in these lands under
 

improved husbandry practices. The rate that animals are
 

added to the modern grazing lands is a function of the rate
 

of increase of their nutrition levels and the relative
 

difference between the achieved nutrition and the desired
 

one. This is computed by Equation 5.52.
 

RAA(t) - RTDN(t) + CI2,TOPOPM(t)*(TDNAM(t) - TDNREQ) (5.52)TDNREQ
 

where:
 

RAA - rate animals are added to the modern sector 
(animals/year) 

RTDN - rate of increase of TDN in the modern 
sector (tons/year-year)l/ 

TDNAM - TDN per animal in the modern sector (tons/ 
animal-year)1/ 

TDNREQ - desired TDN per animal in the modern sector 
(tons/animal-year) 

TOPOPM - total animal population in the modern sector 
(animals)1 / 

C12 - a model parameter that determines the 
influence which the difference between 
the achieved nutrition level and the de
sired nutrition level in the modern sector 
has on the rate animals are added to the 
modern sector (proportion/year). 

The rate at which males and females, summing to RAA,
 

are added to the modern population is given by Equations 5.53.
 

It is assumed that the sex ratio of transferring animals is
 

!/For detailed computation of these variables see
 

subroutine DEMOG in the Appendix.
 



J; I
 

the same as that of the traditional population (this could
 

also be a 	policy variable). It is also assumed that only
 

fertile females are transferred from the producing cohort.
 

RFGTT(t) - RAA(t)*PFGT(t) 	 (5.53a)

TOPOPTl(t)
 

RFPTT(t) = RAA(t)*FERT(t) 	 (5.53b)
TOPOPTI(t)
 

RMGTT(t) - RAA(t),PMGT(t) 	 (5-53c)
TOPOPTI(t)
 

RMT ~ ) = TOPOPT (t)(5 	 (5 3d)3dRMPTT(t) RAA(t)*PmT(t) 


where:
 

RFGTT = 	 rate growing females are transferred out of 
the traditional sector (animals/year) 

RFPTT = rate producing females are transferred out 
of the traditional sector (animals/yearT-

RMGTT rate growing males are transferred out of 
the traditional sector (animals/year) 

RMPTT = rate producing males are transferred out 
of the traditional sector (animals/year) 

FERT total traditional fertile producing females 
--Equation 6.18 (animals) 

TOPOPTI - total cattle population in the traditional
 
sector net of females unsuitable for re
product!on--Equation 5.54 (animals).
 

The rates animals leave the modern sector are the
 

negatives of RFGTT, RFPTT, RMGTT and RMPTT (negative departures
 

are arrivals):
 

RFGTM(t) - -RFGTT(t) 	 (5.53e)
 

RFPTM(t) - -RFPTT(t) 	 (5.53f)
 

RMGTM(t) - -RMGTT(t) 	 (5.53g)
 



RMPTM(t) '-RMPTT(t) (5.53h)
 

.The traditional cattle population base for these
 

transfers (TOPOPTi), computed in Equation 5.54 below, excludes
 

-,all females which are unfit for reproduction, i.e., old cows,
 

'infertile cows, and cows with severe cases of mastitis.
 

TOPOPTl(t) = TOPOPT(t) - OLDFT(t) - FINFT(t) - FMAST(t) (5.54)
 

where: 

TOPOPT = total cattle population in the traditional 
sector (animals) 

OLDFT = traditional population of old females--
Equation 6.12 (animals) 

FINFT = traditional producing females which are 
infertile--Equation 6.17a (animals) 

FMAST = traditional producing females with mastitis 
--Equation 6.17b (animals). 

The preceding equations define the most relevant
 

variables and structural relationships of the land allocation
 

and modernization component. The interested reader can find
 

the complete list of equations performing the land allocation
 

and modernization decisions described here in subroutines
 

LANDAL, MODCRD and MODRAT of the computer program shown in
 

an
the Appendix. The output of component LAMDAC is used as 


input to the component AGPRAC described in the next chapter.
 

Table II.1 at the end of this chapter shows the values
 

of a selected number of variables used In component LAMDAC.
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TABLE II.1. 	 Selected Coefficients and Initial Values in the
 
Land Allocation and Modernization Decisions
 
Component (LAMDAC).
 

Definition
 
(Equation No.) Value
 

DT Determines the time increment of .25
 
(5.1a) the model (years)
 

AL2 	 Determincr the rate of growth in .03 
(5.4) food crops land (proportion/year) 

CFDl Determint,-- the allocation of food .5 
(5.8) 	 crop land to 8ubregl on 1 

(proport 1on) 

CLI 	 Determines the speed of land .03 
(5.21) 	 adjustment In r-ubreFon I 

(proport 1 i/year) 

CL2 Determiner the allocation of food .5 
(5.23a) crop ]and between carrh crop and 

grassland.- (proportion) 

C9 	 Determin.,, p,-rmarient grazing )iand .55 
(5.29) 	 equivalent ( ;roport I on/year) 

C12 	 Determine:; the niped of animals, 1 
(5.52) transfer, ( pr'oport I on/year) 

C249 Determiner the allocation of E8 
(5.6) 	 food crop land to region 3 

(proportion)
 
C257 	 Determinev, extenaIo workers .0005 
(5.45) requiremnt.: (mumri-years /til) 
E7 Determiner maximum aiotion rate 1 
(5.36) 	 (proportInti)
 

Ell 	 DetermIi,' maxlrrImuv prportlon of .5 
(5.47) 	 reversion to tradiltiona] 

practl eIt, (pv,')port 1(,/ye.ar) 

E12 Determit n t.ho oxternrIlon "drop- 1.2 
(5.44) 	 outS" repo e thrnhold 

(dimer, Ion I,'-m) 

E13 	 Determinna the cr,(dit "dropoutrs" 1 
(5.44) 	 responne t hr anc,11 (d im,.r ir!ln

less) 
E31 Determ 1nr maxi mum value, rf F': 4,000 

arge 
(hnr/y.nr per unit. of ,xtentleon) 

(5.38) 	 when accumiulat,.d tlm,. In i 

http:hnr/y.nr
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TABLE 11.1. (continued)
 

Definition
 
(Equation No.) Value
 

E32 	 Determines minimum value of E3 ,000 
(5.38) 	 at time zero (han/year per unit
 

of extension)
 

E33 	 Determlnes the ratt- tt which EF3 .3 
(5.38) 	 decreaeti over t irp: (dirwin Ion

lefis)
 

RLCRL 	 Determines tie ratt- of growth In 4,500 
(5.11) 	 cash crop land In reglon 41 

(has/ynr) 

RLDRN Determirien the rate. flooded land 13,500 
(5,3) in drained (hin/year) 
RPTN Determine.:, farmers' partl cipation .2 
(5.42b) of total ,.tablent costs 

(proport I on) 
EXTA Determilne:, ,xt,.tinoon workvrs 250 
(5.44) aval labl)r (rti-year:. )
 
TDNREQ Determ to,:;TU denlred for modern 1.85
 
(5.52) 	 animaln (to n/anlrnal-yenrr) 
PRM IDeterrtriv:- theo, lc, of mlkl 1 
(5.35a) (Ps/liter) 

XDEL Determln,,0 oii,-thlri of' the tIme 1 
(5.43a) to complt,, rwio.ri* 'i -atlon (y,.arn) 

TLAVLO InitIal I'lood-fr,-o ngricultural 533.3 
(5.la) land potentIilly :,v:,il b:,hl, In 

regi on 2 (thtou':. h : ) 

TLAVL(0) 	 Initial fl(,d-fr,,, :1'.,,icultural 4131.0 
(5.a) 	 land acturtIly ,vzfl latlel In region


P (thow-:. Li n
 
TLAVUO1 Iu t111 I1 ' I (U1 t Ul'-1 I l9i1 2,169.06 
(5.lb) pot,.nt Iik IIy ItV I] h . In nU1

reg Ion I (I Iio m . h, n 

TLAVU(0) Initial :tl',Icul urnil land 1,720.73 
(5.Ih) ctually :itv:illin ll'In sutr,,gion

I (thou:l. hat ) 
TLAVUOP 11t tial :i(1,l('ultt 'llyrid 1,7(,. 
(4,.lc) poteit II) ly :,v, 1I)1,' 111 

wtbti-r ot ,' (Otis aln. h1(1) 

http:1,720.73
http:2,169.06
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TABLE II.l. (continued)
 

Definition
 
(Equation No.) Value
 

TLAVU2(0) 
(5.1c) 

Initial agricultural land 
actually available in subregion 
2 (thous. has) 

1,293.02 

TGLSFO 
(5.1d) 

Initial potential grazing land 
In region 1 (thous. has) 

3,137.95 

TLDRNLO 
(5.2) 

Initial land capable of drainage 
(thous. has) 

3,137.95 

TLFCUI(0) 
(5.20) 

Initial land in food crops in 
subregion 1 (has) 

40,915 

Source: [13, 15, 36, 37, 38, 42, 53, 58, 59] and initial
 
guesstimates and model tuning.
 



CHAPTER 6
 

AGRICULTURAL PRODUCTION--CROPS/CATTLE (AGPRAC)
 

Component AGPRAC generates the production of crops,
 

pastures and cattle, and determines the yields of farm crops
 

and the sales of cattle.
 

Crop Yields
 

Crop yields are a composite of the major crops grown
 

in the Costa and are assumed to remain constant throughout
 

the simulation. Increases in crop yields over time are allowed
 

in the model as part of the modernization policies that will
 

be discussed in Chapters 8 and 12.
 

Cash crop yields are computed for each agricultural
 

region according to the crop mix assumed in Chapter 5.
 

Further, it is assumed that yields in the more fertile low

lands (YLDCL) are 10 percent higher than in the uplands
 

(YLDCU). With these assumptions and using the average yields
 

derived fror. the Caja Agraria crop reports [7], it is possible
 

to compute the average yield of individual commodities for
 

each agricultural region. Then, using the same crops allocat

ing weights of component LAMDAC, it is possible to compute a
 

composite yield for each agricultural region. Table 11.2
 

shows the computed average yield of each commodity, and
 

Table 111.3 on page 232 shows the composite yields used in
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coniput.Ing cr'op product Ion and Inconic bcl ow ( ltKla tioi, 6.;") 

The computation of food crop ye1lds (YLDFC) Is nimply a 

composite of the average yields of plantain and cassava as 

reported by the Caja Agraria for the period 1965-1969 [7].i!/ 

The five-year average yield of cash crops in the
 

uplands used in the land allocation decisions of component
 

LAMDAC is computed as:
 

EYLDCU(t) - EYLDCU(t-DT) + D (YLDCU(t-DT) -


EYLDCU(t-DT)) (6.1)
 

where:
 

EYLDCU - exponential average of cash crop yields
 
in the uplands, used in Equation 5.35e
 
in LAMDAC (tons/ha-year)
 

YLDCU - average yield of cash crops grown in the
 
uplands (tons/ha-year)
 

DEL8 - average lag (years).
 

The increase in crop yields as a result of crop
 

modernization efforts is computed in Equations 6.2. Here,
 

it is assumed that crops reach their maximum target yield
 

gradually, over a period of several years (DEL9 and DELl0).
 

This length of time can be interpreted as being responsive
 

to the crop modernization campaigns and could be a policy
 

/ Average regional yields (tons/ha-year) of each
 
commodity are: sesame--.66; cotton--1.4; corn--l.ll; sorghum
 
--1.8; rice--l.9; plantain--8.38; and cassava--8.28.
 

http:cassava--8.28
http:plantain--8.38
http:corn--l.ll
http:sesame--.66
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TABLE 11.2. 	 Average Annual Yield and Initial Costs by
 
Farming Sectors.
 

Yield Cost*
 

(Tons/ha-yr) (Ps/ha-yr)
 

Crop Uplands Lowlands Uplands Lowlands
 

Sesame .63 .693 400 408 

Cotton 1.34 1.47 1,639 1,672 

Corn 1.08 1.19 313 319 

Sorghum 1.73 1.9 564 575 

Rice -- 1.9 -- 1,270 

Plantain 8.38 600
 

Cassava 8.28 787
 

*Costs are reported for 1970 and adjusted to 1960 prices.
 

Source: [7, 57, 69]
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variable. Target or desired yields have been derived from 

targets set by the MInhntry of Agriculture r'o. Colo:,b1tI: 

major crops [5811 / and then welghted by the crop allocating 

weights of component LAMDAC to obtain a composite average 

for each agricultural region. 

DT.
 
YLDCU(t+DT) - YLDCU(t) + DEL(DYLDCU - YLDCU(t)) (6.2a)
 

YLDCL(t+DT) - YLDCL(t) + DT (DYLDCL - YLDCL(t)) (6.2b)
DT
 

YLDFC(t+DT) - YLDFC(t) + DELT0*(DYLDFC - YLDFC(t)) (6.2c)
 

where:
 

YLDCU - the projected yield of cash crops in the
 
uplands (tons/ha-year)
 

YLDCL - the projected yield of cash crops in the
 
lowlands (tons/ha-year)
 

-YLDFC - the projected yield of food crops (tons/
 
ha-year)
 

DYLDCU - the target yield of cash crops in the
 
uplands (tons/ha-year)
 

DYLDCL - the target yield of cash crops in the low
lands (tons/ha-year)
 

DYLDFC = the target yield of food crops (tons/ha-year)
 

DEL9, DELl0
 
- average lag (years).
 

Pasture Production
 

Before generating the production of cattle, component
 

AGPRAC determines the output of fodder as total digestible
 

I/Target yields (tons/ha-year) for the major crops
 
grown in the Costa are: sesame--.75; cotton--l.8; corn--l.6;
 
sorghum--3.8; rice--4.1; plantain--10; cassava--10.
 

http:sesame--.75
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nutrients (TDN) from traditional and modern grasslands. First,
 

the component computes (Equations 6.3) the regional average
 

TDN yields of artificial and native grasses under both
 

traditional and modern practices. Production of artificial
 

and native grasses is estimated as an average of dry and rainy
 

season yields based on the permanent carrying capacity of
 

these pastures. Traditional artificial pastures in the
 

uplands under continuous grazing and without fertilizer, yield
 

5.5 tons of dry forage per hectare annually or approximately
 

3.48 tons of TDN (1 kilogram of dry forage produces .633
 

kilograms of TDN [33].) This is enough feed to support 1.9
 

head of cattle throughout a year on the basis of an average
 

nutritional requirement of 1.82 tons TDN/head-year. Further,
 

it is assumed that artificial grasses in the more productive
 

lowlands (mostly para grass) yield about 10 percent higher
 

than upland pastures (mostly guinea and puntero grasses).
 

It is also assumed that native grasses yield two-Chirds less
 

than artificial grasses [61, 66]. Improved pastures are
 

estimated to have a carrying capacity 40 percent higher than
 

pastures under traditional management. The average yields
 

used in these computations are shown in Table 111.3 on
 

page 232.
 

+ CGOLTTGLL(t))
CGO(t) (CGOU*(TTGLUI1(t) + TTGLU2(t)) 

TTGL(t)
 

(6.3a)
 

CGOl(t) (CGOU1*(TTOLU1(t) + TTGLU2(t)) + CG0L,'rTTGLL(t))
 
TTOL (t)
 

(6.3b)
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COl(t) - (COU1*(TLMOD2(t) + TLMOD3(t)) + CGLlTLMODl(t))
 
TLMOD(t)
 

(6.3c) 

CG2(t) - (CGU2,(TLMOD2(t) + TLMOD3 t ) + CGL2r.LMODl(t)) 

(6.3d)
 

where:
 

CGO - average TDN yield from traditional artificial
 
grasses in the Costa (ton8/ha-year)
 

COO1 - average TDN yield from traditional native
 
grasses in the Costa (tons/ha-year)
 

COI - average TDN yield from improved artificial
 
grasses in the Costa (tons/ha-year)
 

C02 - average TD! yield fror improved native grasses
 
in the Costa (tons/ha-year)
 

CGOU - average TDN yield fron traditional artificial
 
grasses in the uplands (tons/ha-year)
 

COUl - average TDN yield from traditional native
 
grasses in the uplands (tons/ha-year)
 

CGU1 - average TDN yield from improved artificial
 
grasses in the uplands (tons/ha-year)
 

CGU2 - average TDN yield from improved native grasses
 
in the upland (tons/ha-year)
 

COOL - average TDN yield frcr traditional artificial
 
grasses in the lowlands (tons/na-year)
 

COOL1 - average TDN yield from trad-t.onal native
 
grasses in the lowlands (tons/ha-year)
 

COL1 - average ID y.eld from improved artificial
 
grasses in the lowlands (tons/ha-year)
 

CGL2 - average TDN yield from improved native
 
grasses in the low lands (tons/ha-year)
 

TTGLL, TTIGLU1, TTGLU2
 
- total land in traditional grazing in region 

2, subregion 1 and subregion 2, respectively 
(has) 
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TTGL  total Costa flood-free land in traditional
 
pasture production--Equation 5.50 (has)
 

TLMODI, 	TLMOD2, TLMOD3
 
total land in modern grazing in region 2,

subregion 1 and subregion 2, respectively--

Equation 5.u8 (has).
 

Total digestible nutrients available to the traditional
 

sector come 
from pasture in the flood-free and in the seasonally
 

flooded lands. Crop residues, particularly of cotton, are
 

added to the nutrient supply. Since there are indications of
 

overgrazing in the region, the deteriorating effect of this
 

practice is introduced into the model by Equations 6.4.
 

GRT(t) a TOPOP(t) 
 (6.4a)
TOPOPT (tT
 

where:
 

GRT 
 a grazing rate in the traditional sector
 
(has/animal)
 

TTGLR - total traditional grazing land in the
 
Costa--Equation r.51 (has)
 

TOPOPT = total traditional cattle population

(animals).!/ 

RCON(t+DT) - max(RCON(t) + DT*C5*(GRT(t) - GRE), .1) (6.4b)
 

where:
 

RCON - range condition (a dimensionless number)
 

GRE - equilibrium grazing rate (which results 
in constant range condition) (has/animal) 

C5 
 - a parameter that determines the extent of
 
influence of grazing rate upon range
 
condition
 

1/For a detailed computation of thin variable nee
 
subroutine DEMOG in the Appendix.
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max(as) = the mxlimn, of a and h.
 

Hlange condition In prevenL.ed from dlitn:1 1n, hII 1w n til

realistic limit by establishing a lower bound for RCON.
 

The above equations stipulate that range condition increases
 

or decreases over time if ORT is respectively greater or less
 

than GRE. Given range condition, it is now possible to com

pute the total TDN available from the flood-free traditional
 

grazing land.
 

TDNTG(t) - RCON(t)*(CGO(t)*CPLPTTTGL(t) + CGOI(t) 

*(1 -CPLPT)*TTGL(t)) (6.5) 

where:
 

TDNTG - total traditional TDN from flood-free
 
grasslands (tons/year)
 

CPLPT - proportion of artificial grasses in
 
traditional grazing land
 

CGO - as defined in Equation 6.3a
 

CGOl - as defined in Equation 6.3b
 

TTGL - as defined in Equation 6.3a.
 

Total TDN available from crop residues and seasonally
 

flooded lands is computed as:
 

TDNRE(t) - C7*C220*(TLCRU(t) + TLCRL(t)) (6.6)
 

TDNSF(t) - TGLSF(t).C9'CIO (6.7) 

where:
 

TDNRE - TDN available to traditional animals from
 
crop residues (tons/year)
 

TLCRU - land in cash crops in the uplands--Equation
 
5 .24 (has)
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TLCRL - land is cash crops in flood-free lowland--

Equation 5.11 (has)
 

TDNSF = TDN available to traditional animals from
 
seasonally flooded land (tons/year)
 

TGLSF - total pasture land from seasonally flooded
 
areas--Equation 5 .14 (has)
 

C7 - TDN yield of crop residues (tons/ha-year)
 

C220 - a model parameter deternining the proportion
 
of cash crops producing residues used to
 
feed traditional anirals
 

C9 - proportion of time that flooded land In
 
available for grazing
 

CIO - TDN yield of grasses from seasonally flooded
 

lands (tons/ha-year).
 

Finally, the total TDN available annually to the
 

traditional sector, TDNT, is simply computed as:
 

TDNT(t) - TDNTQ(t) + TDNRE(t) + TDNSF(t) (6.8)
 

Total TDN available to the modern sector depends on
 

the alternative adopted. Land in transition from traditional
 

to modern practices (TRSL) is considered part of the modern
 

sector, but as producing forage at a rate intermediate
 

between traditional and improved pastures. Briefly, alter

natives 1 and 3 consider the improvement of both native and
 

artificial grasses, as well as the production of forage crops
 

in the latter to supplement nutrition during the dry season.
 

Alternatives 2 and 4 consider the improvement of artificial
 

pastures and the substitution of improved artificial grasses
 

for traditional native grasses. In addition, alternative 41
 

Inc]udes the production of forage crops to supplement nutri

tion from grasses. The component computes the average yield
 



I i'd 

from improved and transition grasses as well as the average
 

yield from forage crops in the form of silage. Given the
 

average yields and the land in pasture and forages, it is
 

possible to compute the total TDN available to the modern
 

sector from each alternative. Forages are planted to the
 

extent needed to make up for the deficit in nutrition as
 

shown by the difference between the TDN obtained from grasses
 

and a target level of TDN (TDND in Equation 6.9f). Although
 

TDND could be a policy parameter, the model assumes this
 

target is set at the nutrition level required to suppcrt
 

four head per hectare, the current average carrying capacity
 

in the Costa during the rainy season. Equation 6.9g, which
 

computes area in forages, implies that land is taken out of
 

modern production and transition in the same proportion.
 

Mathematically, these computations are carried out in Equation
 

6.9.
 

CGA(t) -	 CGl(t)*CPLPT + CG2(t)M(l - CPLPT) (6.9a) 

CTR(t) - CG3*CPLPT + CG4*(l - CPLPT) (6.9b) 

TDNF =C25*C254*TDNSGC250	 (6.9c) 

Further, 	CGA(t) - CGI, and
 

CTR(t) a CG3 for alternatives 2 and 4.
 

where:
 

CGA - TDN yield from improved grasses (tons/ha-year)
 

CTR - TDN yield from grasses in transition (tons/
 
ha-year)
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CG3 = TDN yield from transition artificial grasses
 
(see Table 111.3) (ton:/ha-year)
 

CG4 = TDN yield from transition native grasses
 
(see Table 111.3) (tons/ha-year)
 

TDNF = TDN yield from forages (tons/ha-year)
 

TDNSG = TDN yield from silage (tons/ton of silage)
 

C250 = a model parameter to account for weight
 
losses when green forage is converted into
 
silage
 

0253 = yield of green forage (tons/ha-cutting)
 

0254 = the number of times forages are harvesGed
 
during the growing season (cuttingS/year).
 

In computing Equation 6.9c it has becn assumed that
 

forages are grown without irrigation and the growing season
 

is thus restricted to the rainy period.
 

TMPLi(t) = TLMODi(t) + TRSLi(t) - TLFi(t) (6.9h)
 

where:
 

TMPL = total land in pasture (has)
 

i = indexes the alternatives--i=3,4.
 

Finally, TDN available to the modern sector from
 

alternatives 3 and 4 is computed as:
 

TDNMi(t) = TDNF*TLFi(t) + TDNGi(t)*TMPLi(t), i=3,4 (6.91)
 

where:
 

TDNM = TDN output from modern land (tons/year).
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Cattle Production
 

Demography 

Cttle inventorie8 and output are mouold dynamically 

as populations distrlbuted over time and 3tago of production. 

The demographic modtl cf thte cattle populutlon Ii civided 

into thre- age colorts for ferialte avid two ate cohovt4 for 

stage, a producing ntage, stage It ,, 

males (Figure II.4). The rttipective cohort leizgt ,( I'lect 

the three production totagv5 the m.odtl dentl'lea; !i rcwing 

and a writch anir.al- wlth

out reproductive capabilities remain. The aj;!i.g of asinala 

through the f1r.;t two cohor't:; I r I.1- . ! il_ I 11oVl .tv 

lags. 1 /  When fetrville fia ally enter the old itj! collurt, their 

aging rate I{ no longer modtled, and cow.-. remznil tLere 

affected by deth's, and utalen through hori. rnr.gerent pollclep, 

Based on tho cennuu data avtltlatle (Ii5] t, -model huume 

that all animals two yearn old and 1t, hre lncludedIn tn 

the cohort jhsrInc ttibr.egrowirng cohort; producting ,1i at'lF4 

over two yearn.
 

The preceding production procen 1 .lmilbtd ty
 

rfour callo to t utiroutine [5., rY], ore fo eiacih tex 

cohort. ;lncee the fitructurt, Or tlh oubLroutl r In alik& for 

each cohort A (I ff r-.I I 6ttptat 4r-ie f rily fromt1#0

fer,, ,:, in tpt.i, oly the production of growlrK abAf 

!/Tie trlttributd Ing modol used horo has bo n adapted 
following Atikin [1, Chapter 3]. 
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Out
transition .
 

14 rt 	 1 e u I1rI 

Birth G 0w1t.n jProd k '11, F~1.nI shed 

k t
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DGROF - average length of time females remain in 
Cohort 1 (years) 

KGROF = a parameter that determines the probability
 
distribution for the length of time individual
 
females remain in Cohort 1
 

RINTF1, IDTF1
 
= other variables associated with the use of
 

the DELDT subroutine
 

DT = time increment of the model (years).
 

The purpose of this call to subroutine DELDT is to
 

oompute RFOUl(t), the rate females leave Cohort 1. This rate
 

minus any losses (due to deaths, sales and transfers) becomes
 

the input to Cohort 2, the producing stage, RFOUPI(t):
 

RFOUPI(t) = RFOUl(t) - RFOUl(t)*(DRLI(t) + PSFG(t) 

+ PPFGT(t))*DT (6.10b)
 

where:
 

DRL1 = death rate of the growing population--

Equation 6.16 (proportion/year)
 

PSFG - proportion of growing females sold
 
(propoi'tion/year)1/
 

PPFGT = proportion of growing females transferred
 
out of a given sector (modern or traditional)
 
(proportlon/year)!/
 

The output of the inale producing cohort, RMOU2, is the
 

number of finished males available annually for immediate
 

consumption, and the output of the female proaucing cohort,
 

RFOU2, is the rate at which females leave the producing stage
 

1/For detailed computation of these variables 
see
 
subroutine DEMOG in the Appendix.
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as a result of old'age. Given the basic model of the cattle
 

demographic process, it is possible to conpute the population
 

in each cohort, total population and other variables of
 

importance in the model.
 

The number of animals in the female and male cohorts
 

are computed as time integrals of population flow rates. As
 

stated earlier, old females are not transferred but stored
 

for sales decisions based on herd management policies. Since
 

the structural equations are alike for Cohorts 1 and 2, the
 

computation of the number of growing females will be shown
 

in Equation 6.11 below. Yet it must be remembered that each
 

equation uses the variables relevant to each cohort, and that
 

the producing cohorts use as an input the output of the grow

ing cohorts. Equation 6.12 computes the population of old
 

females. Total cattle populations in the traditional and
 

modern sectors and in the region are computed simply by
 

adding the populations from each cohort.
 

PFG(t+DT) = PFG(t) + DT*(BF(t) - DRLl(t)*PFG(t) - SLSFG(t)-


RFGT(t) - RFOUPI(t)) (6.11)
 

where:
 

PFG = population of growing females (animals)
 

SLSFG = sales of growing females--Equations 6.22
 
1(animals/year)
 

RFGT = rate growingr females are transferred--

Equations 5.53 (animals/year)
 

RFOUP1 = rate females leave the growing stage and
 
enter the producing stage--Equation 6.10b
 
(animals/year).
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OLDF(t+DT) - OLDF(t) + DTR(RFOUP2(t) - SOLDF(t) - DRL2(t)
 

'OLDF(t)). (6.12)
 

where:
 

OLDF - population of old females (females which
 
have concluded the reproductive life)
 
(animals)
 

SOLDF - sales of old females--Equation 6.22e
 
(animals/year)
 

RFOUP2- rate females leave the producing stage
 
and enter old age--Equation 6.10b where
 
transfers = 0 (anirmals/year)
 

DRL2 - death rate of the producing population--

Equation 6.16 (proportion/year).
 

Once cattle demography has been simulated, the model
 

computes the variables affecting the transition rates of this
 

population. Live birth rates and death rates are computed as
 

a function of the level of nutrition (TDNA). Death rates
 

are computed separately for the growing and producing popula

tions as shown in Equations 6.13. The table look-up functions
 

[52, 54] used in these equations compute traditional or modern
 

birth and death rates depending upon whether the VAL arrays
 

are supplied with traditional or modern data. Figures 11.5
 

graphically depict these functions.
 

BR(t) - TABLIE(VALB, SMALLB, DIFFB, KB, TDNA) (6.13a)
 

DRG(t) - TABLIE(VALDG, SMALLDG, DIFFDG, KDO, TDNA) (6.13b)
 

DRP(t) - TABLIE(VALDP, SMALLDP, DIFFDP, KDP, TDNA) (6.13c)
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where:
 

BR - live birth rate--proportion or produceng 
females calving per year. In the model is 
also taken as a pregnancy rate 

DRO - death rate--proportion of growing popula
tion dying per year 

DRP - death rate--proportion of producing popula
tion dying per year
 

TABLIE - a simulation subprogram which approximates
 
arbJirary functional relationships by straight
 
line segments
 

VAL - an array of numbers which defines the depen
dent argument of the function 

SMALL - smallest value of TDNA in the data which 
defines the function 

DIFF - the fixed differences between values of 
TDNA 

K - the number of line segments used to approximate 
the birth or death rate functions 

TDNA - total digestible nutrients (tons/animal-year) 
--the independent argument of the function.!/ 

In reality, births and deaths do not change instanta

neously with changes in nutrit~onal levels and/or population 

sizes, but rather lag behind changes in these v.riables. 

The variables BR, DRG and DR? must therefore be operated on 

to introduce these lag effects. Equation 6.14 shows this 

computation for birth rates: 

DT 
BR2(t) - BR2(t-DT) + DT l(BR(t-DT) - BR2(t-DT)) (6.14) 

a detailed computation of this variable see
 
subroutine DEMCG in the Appendix.
 

-/For 




146
 

where:
 

BR2 - actual live birth rate (proportion/year) 

DELl -'lag parameter (years).
 

The actual death rate of the growing population, DR1, and the
 

actual death rate of the producing population, DR2, are com

puted using similar equations to the one above.
 

Nutrition and management are not the only factors
 

affecting birth and death rates. Diseases have a major
 

role in determining the value of these variables, and we
 

are particularly concerned here with brucellosis and foot

and-mouth disease (FMD) which are epidemic in the region.
 

The effect of brucellosis on birth rates is Introduced into
 

the model by the variable CBANG which depends on the pro

portion of cows treated. This is shown in Equation 6.15
 

where the variable BR2 is taken as a pregnancy rate.
 

BRL2(t) = BR2(t)*(l - CBANG(t)) (6.15)
 

wherci: 

BRL2 - the effective live birth rate (proportion/year) 

CBANG - proportion of pregnant cows aborting due to 
brucellosis, where 0 < CBANG < .04.-/ 

The effect of FM*!D on death rates is Introduced into 

the model by the variable DRA which depends on the proportion
 

of animals treated annually. This effect is shown in Equa

tion 6.16 for the growing cohort.
 

I/For a detailed computation of this variable see
 
subroutine DEMOG in the Appendix.
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DRLl(t) n DRl(t)'DRA(t) (6.16) 

where:. 

DRLl - the effective death rate of growing animals 
(proportion/year) 

DR1 - the actual death rate of growing animals--
Equation 6.14 (proportion/year) 

DRA = proportional increase in death rates due to 

FMD, where 1 < DRA < 1.33. 

Before computing total births it is necessary to
 

determine the number of cows capable of calving found in the
 

population of producing females. This is done in the model
 

with Equations 6.17 by computing the number of infertile
 

cows and those affected by severe cases of mastitis, caused
 

by FMD, that have to be discarded from the breeding herd.
 

Equations 6.17 are the time integrals of female population
 

flow rates where affected animals come out from each of the
 

transition rates in the same proportion. Equation 6.17a
 

incorporates both the effects of malnutrition and infectious
 

abortion on fertility (see Chapter 2). The effect of mal

nutrition is introduced by the variable PIFNU which depends
 

on the level of nutrition available and a rate of response to
 

changes in nutrition. The function has an upper bound that
 

is reached when nutrition is below a predetermined level;
 

the lower bound indicates that a minimum of infertility is
 

always present (due to heredity and/or other causes) despite
 

high levels of nutrition [24]. The effect of brucellosis is
 

introduced by the variable, CB(t) - BR2(t)*CBANG(t), which
 

determines the proportion of cows aborting (see Equation
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6.15); it is also assumed that 10 percent of the cows abort

ing become infertile [31).
 

FINF(t+DT) - PFINF(t).CPFP(t) - DT#(DFP(t) + RFOU2(t) + 

SLMAS(t))] - SLINF(t)*DT + DT*(CB(t)'0.10 

+ PIFNU(t))*[(PFP(t) - DT*(DFP(t) + RFOU2(t)
 

+ SLMAS(t))*(l - PFINF(t))) + DT*(RFOUl(t)
 

-

where: 

FINF -

PFINF -

PFP -

DFP -

RFOU2 -

SLMAS -

SLINF = 

CB -

PIFNU -

RFOU1 -

RFPT -

SLFER = 

RFPT(t) - SLFER(t))] (6.17a)
 

producing females which are infertile (animals)
 

proportion of producing females which are
 
infertile
 

population of producing females--Equation
 
6.11 (animals)
 

actual deaths of producing females--

Equation 6.20b (animals/year)
 

actual rate at which producing females leave
 
the producing stage--Equations 6.10 (animals/
 
year)
 

sales of producing females with mastitis due
 
to FMD--Equations 6.22 (animals/year)
 

sales of infertile females--Equation 6.22
 
(animals/year)
 

producing females aborting per year
 
(proportion/year)
 

producing females becoming infertile due to
 
malnutr.Ition where .01 < PIFNU < .05
 
(proportion/year)
 

actual rate at which females leave the grow
ing stage--Equations 6.10 (animals/year)
 

rate producing females are transferred out
 
of a sector--Equations 5.53 (animals/year)
 

sales of fertile producing females--Equations
 
6.22 (animals/year).
 

http:DT*(CB(t)'0.10
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Equation 6.17b below assumes that 18-percent of the
 

cows without treatment against FMD get the disease; further,
 

it is assumed that 5 percent of the cows getting FMD are
 

affected by severe mastitis [31). This equation also
 

implies, as a simplification, that treatment against FMVD
 

is applied to animals in each cohort in the same proportion.
 

FMAS(t+DT) a PFMAS(t)*.PFP(t) - DT*(DFP(t) + RFOU2(t)
 

+ SLINF(t))] - SLMAS(t)*DT + (1 - PATAF(t))
 

*DT*0.18#0.05*[(PFP(t) - DT*(DFP(t) + RFOU2(t)
 

+ SLINF(t)a(l - PFMAS(t))) + DT*(RFOUl(t) -


RFPT(t) - SLFER(t))] (6.17b)
 

where:
 

FMAS = producing females with mastitis due to
 
FMD (animals)
 

PFMAS - proportion of producing females with mastitis
 

PATAF - animals treated against FMD--Equation 6.28c
 
(proportion/year).
 

Finally, the number of fertile cows is simply computed
 

as:
 

FER(t) - PFP(t) - FMAS(t) - FINF(t) (6.18) 

Given the population of fertile females and the
 

effective birth rate, it is possible to compute total births.
 

It is assumed in the model that births are evenly distributed
 

between males and females.
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BA(t) - BRL2(t)*FER(t) (6.19a)
 

BF(t) - 0.5*BA(t) (6.19b)
 

BM(t) - BA(t) - BF(t) (6.19) 

where:
 

BA - total animal births (animals/year) 

BF - total female births (anirmals/year) 

BM - total male births (animals/year) 

BRL2 - as defined in Equation 6.15. 

Animal deaths are computed for growing and producing
 

animals and for each sex category. Equations 6.20 show this
 

computation for females only.
 

DFOt) - PFG(t)iDRLI(t) (6.20a) 

DFP(t) PFP(t),DRL2(t) (6.20b)
 

where: 

DFG - actual deaths of growing females 
(animals/year) 

DFP = actual deaths of producing females 
(anirr.al-/year) 

PFG - population of growing females--
Equation 6.11 (animals) 

PFP - population of producing females--
Equation 6.11 (animals) 

DRLl, DRL2 - as defined in Equation 6.16. 

Milk and Antmalo Output
 

Next, the model computes the output from cattle in
 

the form of milk and total sales, and the marketing equations
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used in the generation of prices. The quantity of mil]k 

produced depends on the number of fertile cows, cows getting 

foot-and-mouth disease (FMD) and the level of nutrition. 

It is assumed that cows affected by FMD produce 15 percent 

less milk than healthy cows [31]. 

QM(t) 	 [FER(t)*(PATAF(t) + (I - PATAF(t))*0.82 + (1 -

PATAF(t)),0.18,0.85)]*PFLAC(t)*C202*YMA*TABEXE
 

(VAL6, .31, .31, 4, TDNA) 	 (6.21a)
 

where:
 

QM a quantity of milk produced (liters/year)
 

PFLAC a proportion of females lactating
 

YMA - average milk output per cow (liters/cow-year)
 

C202 = 	 a model parameter determining the number of 
lactating cows which are milked (proportion) 

TABEXE(VAL6, ..., TDNA)
 
= 	 a subprogram which introduces a milk pro
duction factor determined by the level of 
nutrition--TDNA. 

The expected production of milk used in Equation
 

5.35a of component LAMDAC is computed as:
 

EQMT(t) 	= FERT(t)*PFLACT(t)*CT202*YMAT (6.21b)
 

where: 

EQMT = the expected milk production in the tradi
&ional sector (liters/year).
 

Cattle sales are computed for each cohort and are
 

part of the herd management policies introduced into the
 

http:PATAF(t))*0.82
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model. Although the sales policies have been designed with
 

enough flexibility to permit simulation of farmers' behavior
 

the current formulation allows little supply response. Cash
 

flow imbalances that mIght Induce sales are not considered 

as a factor influencing sale decisions, and the model assumes 

that these decisions depend on prices and the level of nutri

tion. Price changes may have a short-term response effect 

but, in the long run, sales seem to be dominated by nutri

tional considerations. As a general sales policy the model
 

assumes the following priorities (for other than finished
 

males): (1) old cows; (2) cows with reproductive problems;
 

(3) growing males; (4) growing females; (5) fertile cows;
 

and (6) producing males.
 

According to the preceding assumptions, sales are
 

urged to control the cattle population to maintain a prescribed
 

level of nutrition, and animals exceeding carrying capacity
 

are marketed following the order discussed earlier. If pas

tures are being undergrazed, the decision mechanism operates
 

to reduce sales and increase the retention of animals until
 

the appropriate grazing rate is achieved. This nutrition
 

effect is Introduced in the sales equations by the variable
 

PAN. This variable is recalculated each time a sale is performed.
 

The sales equations describe a family of supply curves 

which first are completely inelastic, then are positively 

sloped, and finally become completely inelastic (Figure 11.6). 

The inelastic portions of the curve place an upper bound to 

sales preventing the herd from being liquidated, and a lower
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FIGURE 11.6. The cattle sales function.
 

bound indicating that a minimum of animals are marketed from
 

the herd despite low price incentives and/or excess carrying
 

capacity. These bounds are set by the model parameters 13MN,
 

BMX, AMX and AMN which permit simulating farmers' behavior
 

and herd management policies (see Table 11.3). Since there
 

are similar relationships between management of the tradi

tiona] and modern herds and for each of the six sale groups,
 

the sale of old cows will be shown in detail here. Response
 

to price is given by the relationship [PAP ELAS in Equation
IPAPAN
 
6.22c, and nutrition relationships are given by PAR in
 

Equation 6.22d.
I/
 

!/COHS is used here as a general form to indicate
 
the number of animals in a given sales group.
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TABLE 11.3. Maximum and Minimum Proportions of Cattle Sales.
 

Management Practice
 

Sales Group and Parameter1/ Traditional Modern 

Old Cows: 
AMX1 0.75 1.00 
AMNI 0.50 0.90 
BMX1 0.75 1.00 
BMN1 0.50 0.90 

Intertile cows: 
AMX2 0.25 1.00 

AMN2 0.15 0.8O 

BMX2 0.18 0.95 
BMN2 0.15 0.80 

Cows with mastitis: 
AMX3 
AMN3 

1.00 
0.70 

1.00 
0.80 

BMX3 1.00 1.00 
BMN3 0.70 0.80 

Growing males: AMX4 0.23 0.30 

AMN4 0.11 0.11 
BMX4 0.14 0.20 
BMN4 0.11 0.11 

Growing females: AMX5 0.Z1 0.25 

AMN5 
BMX5 

0.13 
0.17 

0.13 
0.19 

BMN5 0.13 0.13 
Fertile cows: AMX6 0.06 0.06 

AMN6 0.02 0.02 
BMX6 0.05 0.05 
BMN6 0.02 0.02 

Producing males: AMX7 0.20 0.20 

AMN7 0.10 0.10 
BMX7 0.15 0.15 
BMN7 0.].0 0.10 

BMNi are model parameters
I/AMXi, BMXi and AMN , 
ounds to cattle sales (Equations
determining upper and lower 


6.22c and 6.22d)--proportion/year.
 

Source: Guesstimates and model tuning.
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TOPEQ(t) = TDN(t)*NREQ (6.22a) 

PAN(t) = TOPOP(t) - TOPEQ(t) (6.22b) 

where:
 

TOPEQ = total animal population in equilibrium with
 
nutrient availability (animals)
 

TDN = total digestible nutrients (tons/year)
 

NREQ = the reciprocal of the TDN required per
 
animal (animal-year/tons TDN)
 

PAN = defines the difference between the current
 
animal population TOPOP and the equilibrium
 
population TOPEQ (animals).
 

- D
PRESl(t) = min{BMXl, max[BMNl, PRSIl*t PAP J} (6.22c)

I PPAN
 

-PSFO(t) = min{AMX1, max[AMNl, PRESI(t) + C206*PAN(t) } (6.22d) 

SOLDF(t) = OLDF(t)*PSFO(t) (6.22e)
 

PAN(t) = PAN(t) - SOLDF(t) (6.22f)' 

Market Model
 

Component AGPRAC computes the demand and supply of
 

beef which are part of the simple market model used in deter

mining the price of cattle. First, the model determines the
 

number of animals marketed for consumption and/or export from
 

the Costa herd (Equation 6.24). Although some of these
 

animals are finished in other regions, it has been assumed
 

they are slaughtered and enter the retail market as they
 

leave the Costa farms. Nevertheless, this simplifying
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assumption does not greatly alter the total supply of beef
 

as computed in the model.
 

SUPCTA(t) w SLSCCT(t) + SLSMLT(t) + SOLDFT(t) + C212#(SLSCCM(t)
 

+ SLSMLM(t) + SOLDFM(t) + C213,(TDTHST(t) +
 

TDTHSM(t)) + C214,(SLFERT(t) + C212,SLFERM(t))
 

+ C215*(SLSFGT(t) + C212iSLSFGM(t)) + C216.
 

(SLSMGT(t) + C212*SLSMGM(t)) (6.24)
 

where:
 

SUPCTA - supply from the Costa herd
 
(animals/year)
 

SLSCCT, SLSCCM - sale of cows with reproductive
 
problems traditional and modern,
 
respectively (animals/year)
 

SLSMLT, SLSMLM - sale of mature males traditicnal 
and modern, respectively (an!als/ 
year) 

SOLDFT, SOLDFM - sale of old cows traditional and
 
modern, respectively (animals/
 
year)
 

TDTHST, TDTHSM - total aniral deaths traditional and
 
modern, re:n-ectively (animals/year)
 

SLFERT, SLFERM - sale of fertile cows traditional
 
and modern, respectively (animals/
 
year)
 

SLSFGT, SLSFGM - sale of growing females traditional
 
and modern, respectively (animals/
 
year)
 

SLSMOT, SLSMGM - sale of growing males traditional
 
and modern, respectively (animals/
 
year)
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C212 

'f,e : 

a parameter accounting for heavier 
animals from the modern sector 
(dimensionless) 

0213, ... , C216 
= parameters determining the proportion 

of sales which is consumed (proportion). 

Non-Costa cattle population, TOPOPK, and supply are
 

exogenously determined in Equations 6.25. Cattle population
 

is assumed to grow in a non-cyclical, exponential fashion
 

and its rate of growth could take different valies in order
 

to test the effect of government policies on the development
 

of the non-Costa cattle economy. Be3f supply is computed as
 

the off-take for exports and slaughter from this population,
 

where the extraction ratio reflects the oscillations of the
 

long-term cycle (see Chapter 3). This cycling effect is
 

approximated in Equation 6.25b by a TABLIE function which
 

completes a cycle every seven years with the extraction ratio
 

reaching a simulated peak at .17 and a bottom at .118.
 

TOPOPK(t+DT) - TOPOPKO*EXP(C217*t) (6.25a)
 

SUPB(t) = SUPCTA(t) + TOPOPK(t)*TABLIE(VAL9, 0, 1, 7, 

AMOD(t,7)) (6.25b) 

where:
 

TOPOPK = total non-Costa cattle population (animals) 

TOPOKO = non-Costa cattle population at the beginning
 
of simulation (animals) 

EXP = the exponential function 

C217 - rate of growth of non-Costa cattle popula
tion (proportion/year)
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SUPB - total Colombian supply of beef (animals/ 
year) 

TABLIE(VAL9, ..., AMOD)
 
= a subprogram which introduces a cycling
 

factor on extraction ratios determined by
 
the length of the long-term cycle--seven
 
years
 

t = simulated time in the model (years).
 

Domestic demand for beef is computed in Equation
 

6.26a and its growth is due to population, income and price
 

effects.
 

DEM(t+DT) = DEM(t) + DT.(DEM(t)*RDEM(t)) (6.26a)
 

RDEM(t) = ELASI*C237 + ELASP*C238 - ELASD*
 

PA(t) - PA(t-DT) (6.26b)
 
PA(t-DT)*DT
 

where:
 

DEM = domestic demand for beef (animals/year)
 

RDEM = the rate of growth of demand (proportion/
 
year)
 

PA = market price of finished males--Equation 7.2
 

(Ps/animal)
 

ELASI = income elasticity of demand for beef
 

ELASP = population elasticity of demand for beef
 

ELASD = price elasticity of demand for beef
 

rate of increase in income (proportion/year)
C237 = 


C238 = rate of increase in population (proportion/
 
year).
 

Total demand for Colombian beef, TDEM, is simply
 

computed as the sum of domestic demand, official exports,
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EXPL, and illegal exports, UNEXPL. Due to the lack of 

statistics on illegal exports, these are handled as a constant, 

throughout the simulatlon. Yet it would be ralAot[o to treat 

UNEXPL as a variable since it can be expected this border trade 

will be responsive to market conditions in Colombia as well 

as in the neighboring countries (mainly Venezuela and Ecuador). 

Official or registered exports are computed from recorded 

statistics between 1964 and 1971, and from projected targets 

from 1972 forward (see Table I.l, p. 19 for figures and 

sources). 

TDEM(t) - DEM(t) + EXPL(t) + UNEXPL (6.26c)
 

Disease Control
 

Since foot-and-mouth disease and brucellosis seriously
 

impair cattle production, and the Colombian government is
 

committed to their control and eradication (see Chapter 2),
 

it is relevant to the model to include some equations to test
 

the effect of control measures. Component AGPRAC includes a
 

simple exogenous model which permits evaluation of disease
 

control policies. Here it is assumed that all the effort is
 

directed toward the traditional sector and that all animals
 

in the modern sector are treated according to recommended
 

practices. Further, it is assumed that before the campaign
 

starts, animals are treated at a constant proportion, but
 

afterwards (i.e., after 1971) this proportion gradually in

creases until it reaches the value one. At this point the
 

model indicates that all the cattle population is being
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treated. This effect is in~roduced in the model by the
 

exponential function Involving the variable TCAD(TCAD - t 

-TDO) where TDO is the year at which the disease control 

program ;tarts. The treatment against brucellosis is shown 

in Equations 6.27 below. This treatment is applied only once 

when heifers are three to six months old, but for sImplicity 

the model as:zures that heifers are treated at t'!rth. 

ATAKIT(t) - BFT(t)omax(l - CI98*EXP(-C!99.TACAD), C2423 (6.27a) 

where: 

ATABTT - heifers treated against brucellcsi.s in the 
traditional sector (anirals/year) 

BFT n total tradtt 4 onal fe!-ale t!rths--Fquation 
6.19b (an!sa':-/year) 

C242 - proportion of helfers treated without the 
campaign 

C198 - proportion of heifers left untreated 
(C198 - I - C2142) 

C199 - model param-eter regulating the shape of the 
exponential curve. 

The movement of the treated heifers is tracked through 

the growing stage until they reach t!.e producing stage, and 

this allows the -.ed,!'; to co.pute the proportion of cow:

treated, !'C": .';, e" in. reede(! in deter.-.nlnF tg- 'virlat'le 

CBANG u:ed !n Eq-;,tton -. 1. T equation.; co.nputtnF ICTABThe 

have the .an. structure fcr both the traditional an modern 

sectors, with the exception that the latter keeps track of 

the treated fe'les transferred from the traditional sector. 

Equations 6.27h through 6.27d show this computation for the
 

traditional sector.
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POFTB(t) 

ATABTT(t)*DT + POFTIBT(t-DT)*(PFGT(t) - BFT(t-DT)*D1') (6.27b) 
PFGT(t) 

HFOUT1(t-DT),PGFTBT(t-DT)*DT + PCTABT(t-DT),
CTABT(t) R 


(PFPT(t) - RFOUTI(t-DT)*DT) (6.27c)
 

PCTABT(t) CT (6.27d)
 

where: 

PGFTBT - proportion of growing females treated 
against brucellosis in the traditional 
sector 

PFGT - population of growing females in the 
traditional sector--Equation 6.11 (animals) 

CTABT - cows treateA against brucellosis in the 
traditional sector (animals) 

RFOUT1 - rate fermales leave the growing stage--
Equation 6.10b (animals/year) 

PCTABT - proportion of cows treated against brucellosis 

in the traditional sector. 

Although the campaign against FMD and brucellosis is
 

being carried out simultaneously, the data available [31] do
 

not allow a brea'<down of expenditures between the two programs.
 

This ob:. was simplified in the model assuming that treat

ment against F-T, was the only one depending on government
 

expenditures. But since farmers have been and continue to
 

treat a part of tne herd on their own, the model computes
 

both animals treated privately and by campaign personnel.
 

Equation 6.28b implies that eventually all animals could be
 

treated by the campaign, in which case farmers who have been
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treating their herds privately will be charged for the
 

service. The current program involves charging services to
 

medium- and large-size farmers, and providing subsidized
 

services to small farmers [31).
 

Since treatment against FMD is applied two or thrLe
 

times every year to all animals, the computation of the
 

proportion of animals treated, PATAFT, used in determining
 

the variable DRA in Equation 6.16 is more straightforward
 

than the preceding for brucellosis.
 

ATAFT(t) = min[ COSFT), TOPOPT(t) (6.28a)
 

where:
 

ATAFT - government treated animals against FMD in 
the traditional sector (animals) 

EXPAFT - government expenditures against FMD--a 
policy variable (Ps/year) 

COSTFT - government cost of treatment against FMD 
(Ps/animal-year) 

TOPOPT a total traditional cattle population in the
 
Costa (animals).
 

ATAFPT(t) a (TOPOPT(t) - ATAFT(t))*max[l - C200'EXP
 

(-C201'TACAD), C244)] (6.28b)
 

(6.28c)
PATAFT(t) _ AF{t) 


where:
 

ATAFPT - privately treated animals against FMD in the 
traditional sector (animals) 

ATAFTT a total privately and government treated animals
 
against FMD in the traditional sector (animals)
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PATAFT a proportion of animals treated against FM
 
in the traditional sector
 

C.244 	 - proportion of animals treated privately 
without the campaign 

C200 - proportion of animals left untreated 
(C200 - 1 - C244) 

C201 - model parameter regulating the shape of 
the exponential curve. 

Equation 6.28b above also implies a promotion and/or diffusion 

effect among farmers due to the campaign. As time of campaign 

passes, the proportion of animals treated privately increases
 

approaching one.
 

Agricultural Account~ng
 

Finally, component AGPRAC performs the macroeconomic
 

accounting for the agricultural production. This section
 

also simulates farmers' varying expectations about the account

ing variables during the planning horizon. These expectations
 

are 
introduced in component LAMDAC for the computation of
 

discounted profitabilities. First, revenues and costs of
 

crops production are generated. Costs are a composite of the
 

major crops grown in each of the agricultural regions and are
 

computed 	using the same crop allocating weights of component
 

LAMDAC. It is also assumed that costs increase over time at
 

the inflation rate for farm inputs. Table 11.2 on page 128,
 

shows the computed average cost of each commodity', where
 

costs In the lowlands are slightly higher to account for
 

increased harvesting costs because of higher yields. Equa

tions 6.29 show these computations for cash crops in the
 

uplands.
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ARCRU(t) - TLCRU(t)*YLDCU(t)*PCROPU(t) (6.29a) 

where: 

ARCRU - accounting revenue from cash crops in the 
uplands (Ps/year) 

TLCRU - total land in cash crops in the uplands--
Equation 5.24 (hectares) 

YLDCU - the projected yield of cash crops in the 
uplands--Equation 6.2a (tons/ha-year) 

PCROPU - the projected producer price of cash crops 
fromn the uplands--Equation 7.4a (Ps/ton).
 

ACCRU(t) - TLCRU(t)*CSTHCU(t-DT),(l + DTRCST) (6.29b) 

where:
 

ACCRU - accounting cost of cash crops in the
 
uplands (Ps/year)
 

CSTHCU - the average cost of cash crops in the
 
uplands (Ps/ha-year)
 

RCST - the rate of increase in farm costs
 

(proportion/year).
 

Next, the model generates costs and revenues from
 

cattle. Operating costs have been computed separately for
 

the pasture lands and for the herd. The operating cost of
 

land in the traditional and in the modern sectors are com

puted by Equations 6.30 below. Equation 6.30a is flexible
 

to account for the seasonally flooded lands in TTOLR where
 

it is likely that expenditures on range management are kept
 

to a minimum.
 

OPCLNT(t) - TTGLR(t)*CLNDT(t).C267 (6.30a) 
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where:
 

OPCLNT -total operating costs of traditional grass
lands (Ps/year) 

rTGLR - total traditional grazing land in the Costa 
--Equation 5.51 (hectares) 

CLNDT - average operating cost of traditional grass
lands (Ps/ha-year) 

C267 - a model parameter conZrolling total land 

where costs are incurred (proportion). 

Equation 	6.30b has been designed with enough flexi

bility to be used in any alternative. If the model is supplied
 

with data for alternatives 1 and 2, this equation reduces to
 

TLMOD(t)*CLNDM(t). Maintenance costs in lands in transition
 

(TRSL) are included irn establishment costs.
 

OPCLNM(t) = TLMOD(t)*CLNDM(t)*(l - CPLF(t)) + TLF(t-DT)*
 

CSRFGH(t) + TLF(t)*CSHARV(t)*C253,C254 (6.30b)
 

where:
 

OPCLNM -	 operating cost of modern grasslands (Ps/year) 

TLMOD - total land in modern grazing--Equation 5.49 
(hectares) 

CLNDM = 	 the average operating cost of modern grass
lands (Ps/ha-year) 

CPLF = proportion of modern land in forage crops--

Equation 6.9f
 

TLF - total land in forage crops--Equation 6.9g
 
(hectares)
 

CSRFGH - cost of replanting and growing forages 
(Ps/ha-year) 

CSHARV a 	cost of harvesting and storing forage (Ps/ton)
 

C253 - a parameter determining the yield of forages
 
per cutting (ts/ha-cutting)
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C254 = a parameter determining the number of 
.. cuttings per year. 

Operating costs per animal include labor, drugs,
 

supplemental feed if any, and other miscellaneous costs.
 

The computation of total animal costs for the traditional
 

and modern sector use the same structure shown in Equation
 

6.31 for the traditional herd.
 

OPCLAT(t) = TOPOPT(t)*CSTANT(t) (6.31) 

where:
 

OPCLAT = operating costs of traditional cattle
 
(Ps/year)
 

TOPOPT = total cattle population in the tradi
tional sector (animals)
 

"CS'TANT = average operating cost of traditional
 
animals (Ps/animal-year).
 

-Another component of operating costs is depreciation
 

of grazing land capital and equipment, as well as taxes on
 

' 
land. Because of lack of data on initial capital stock, the
 

model simplifies the computation of replacement investments
 

in cattle production by a lump annual sum per unit of land
 

in production. Total value of depreciation is determined
 

exogenously in Equation 6.32 for the traditional and modern
 

The value of EQLM varies with the alternative
sectors. 


chosen!/ and the corresponding value (EQLT) for the tradi

tional sector is adjusted by a model parameter to account
 

for the flooded grasslands (see discussion for Equation 6.30a
 

!/EQLM = 110; 120; 150; 170 Ps/ha-year for alter
natives 1, 2, 3 and 4, respectively.
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above). The value of the property tax is based on the
 

asSessed capitalized value of land (see Chapter 2) and is
 

computed in Equation 6.33 for the traditional sector.
 

CAPDEM(t) - TLMOD(t)*EQLM (6.32)
 

where: 

CAPDEM = modern sector replacement investment in 
grasslands and equipment (Ps/year) 

EQLM - capital costs for modern cattle produc
tion (Ps/ha-year) 

TLMOD - as defined in Equation 6.30b (hectares). 

VLDTXT(t) a VLANDT(t-DT)*TAXLND*C248 (6.33)
 

where:
 

VLDTXT - value of taxes on land in traditional 
cattle production (Ps/year) 

VLANDT - capitalized asset value of land in 
tradition,'l cattle production--Equation 
9.15 (Pesos) 

TAXLND - the land tax ra e (proportion/year) 

C248 - a model parameter adjusting the capitalized 
value of land to the cadastral (assessed)
value (proportion). 

Finally, the special taxes on cattle discussed in
 

Chapter 2 are computed in Equations 6.34. The general inven

tory tax (TAXC3) based on the net Investment on cattle has
 

been the most difficult to estimate because of the complexity
 

involved in the accounting of assets and liabilities of
 

farmers. This problem was circumvented in the model by
 

assuming a constant tax rate per animal estimated from
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Ministry of Agriculture sources.- The assessed liveweight
 

tax rate (PKGR) used in computing the selective inventory
 

tax (TAXCI) was recorded from values set by the government
 

between 1967 and 1970Z / and then extrapolated by means of a
 

TABEXE function [52]. These computations for the traditional
 

sector are shown below:
 

TAXCT1(t) - (PMGT(t)*C222 + PMPT(t))*C223*PKGR .(6.34a) 

where:
 

TAXCT1 a the traditional cattle selective inventory
 
tax (Ps/year)
 

PMGT, PMPT
 
traditional growing and producing male 
population, respectively--Equation 6.11 
(animals) 

PKGR - the assessed liveweight tax rate (Ps/ 
kilogram-year) 

C222 - a model parameter determining the proportion 
of growing males over one year of age 
(proportion) 

C223 - the animal-liveweight conversion factor 
(kilograms/animal). 

TAXCT2(t) - FEMSCT(t)*C277*SFTAX + SLSMLT(t)*C278*SMTAX (6.34b)
 

where:
 

TAXCT2 - the traditional cattle export and consump
tion tax (Ps/year)
 

!/Ministerio de Agricultura, "Estudio Sobre la Renta
 
Presuntiva." Bogota, 1971, pp. 1-111. (Mimeographed.)
 

2/The Ministry of Agriculture sets the liveweight
 
price at the end of each fiscal year. The values used in the
 
model were obtained by personal information.
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FEMSCT - total traditional females sold for con
sumption (animals/year) 

SLSMLT = total traditional adult males sold for consump
tion (animals/year) 

SFTAX - the female consumption tax rate (Ps/animal) 

SMTAX - the male consumption tax rate (Ps/animal) 

C277 - a model parameter determining the proportion 
of females sold for immediate consumption 
(proportion) 

C278 - a model parameter determining the proportion
of males sold for immediate consumption
 
(proportion).
 

Equation 6.34b above needs a further discussion.
 

First, it implies that the tax on animals sold for export is
 

paid by the producer. The coefficients C277 and C278 intro

duce flexibility into the model to determine those animals
 

which are sold to be finished in other regions and whose tax
 

is not paid by the Costa producers. The variable FEMSCT
 

includes cows with reproductive problems, old cows, fertile
 

cows and heifers; and SLSMLT includes finished steers and
 

males sold out of the producing cohort.
 

TAXCT3(t) - TOPOPT(t)*C279 (6.34c) 

where: 

TAXCT3 - the traditional general inventory tax 
(Ps/year) 

TOPOPT - total traditional cattle population 
(anirmals) 

C279 - the estimated general inventory tax rate 

(Ps/animal-year). 

After computing operating costs, the model generates 

the cost of establishing any modern alternative at market
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factor prices, and then determines the actual cash outlays
 

made by farmers. Equation 6.35 is a composite of costs of
 

improving native and artificial pastures, planting artificial
 

pastures and forages, and building storage for forages. It
 

is clear that not all these costs apply to every alternative;
 

a subprogram in the model assigns the relevant costs to each
 

alternative, and in addition, computes costs per unit of land
 

weighted by the proportion of land in artificial pastures
 

and forages.
 

TEC(t) - CSIMNP(t) + CSIMAP(t) + CSPLAP(t) + CSPLFG(t)
 

+ CSTGH(t) (6.35)
 

where:
 

TEC - total establishment costs at market
 
prices (Ps/ha)
 

CSIMNP - averageqost of improving native pastures
 
(Ps/ha) '/


CSIMAP - average cost of j.proving artificial
 
pastures (Ps/ha)_±
 

CSPLAP - average cost of substituting artificial
 
for native pastures (Ps/ha)4/
 

CSPLFG = average cost of establishing forage crops
 
(Ps/ha).!/
 

CSTGH - average cost of building forage storage
 
(Ps/ha)! /
 

!/For a detailed computation of these variables see
 
subroutine V.ODCRD in the Appendix.
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Equation 6.35 above is the general approach of account

ing for establishment expenditures at their opportunity cost.
 

Yet some of the inputs required can be supplied on the farm
 

at no extra cash expense, decreasing the need for the use of
 

credit and/or savings. Examples of these inputs are family
 

labor, materials for fencing and building, existing tools and
 

equipment, etc. The function ALPH1 computed in Equation 6.36
 

is an attempt to simulate the response of farmers' behavior
 

to changing profitabilities. This behavior includes changing
 

attitudes toward work and leisure, a more efficient use of
 

the inputs at hand (including management), and incentive to
 

utilize more fully the farm natural resources. As shown in
 

Figure II.7 ALPHI depends on a profitability threshold (C235)
 

below which there is no incentive for farmers to use their
 

resources intensively. As profitability increases, farmers
 

exploit their resources more fully until they reach a limit
 

(C231) where it is assumed that the ability to use on-farm
 

resources has been exhausted. A parameter (C236) determines
 

how rapidly the attitudes change with changes in the pro

fitability criterion. It is clear that a wide range of
 

farrners' behavior can be simulated by appropriately assigning
 

values to these three parameters.
 

ALPHl(t) - C234 + min[l - C234, (1 - C234)'EXP(-C236* 

.(PDR(t-DT) - C235))] (6.36)
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ALPH1(t)
 

1.0
 

C234 

0 C235 PDR,:t)
 

FIGURE 11.7. The on-farm resource use response function.
 

where:
 

ALPH1 - a variable which introduces the effect of
 
the profitability criterion PDR upon total
 
outlays for establishing an alternative
 
(proportion)
 

PDR - the relative profitability differential of
 
Equation 5.30 (dimensionless)
 

C23! - a mcdel parameter determining the minimum
 
proportion of estabi!:;hrent costs met with
 
outside rescurces (prcoportion)
 

C235 = the on-farm resources intensity of use
 
response threshold (dimensionless)
 

C236 = the rate of on-farm resource use response
 
with respect to profitability (dimension
less)
 

min[a,b] - the minimum value between a and b
 

EXP - the exponential function. 
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Finally, the total cash requirements for establishing
 

an alternative, TCEC, are simply computed as:
 

TCEC(t) w TEC(t),ALPHl(t) 
 (6.37)
 

Given the components that enter in the formation of
 

cattle production costa, it is possible to generate the
 

accounting costs, ACLA. 
 Equation 6.38 makes this computation
 

for the modern sector. Accounting costs in the traditional
 

sector are computed using only the first five terms of
 

Equation 6.38 below.
 

ACLAM(t) - OPCLAM(t) + OPCLNM(t) + CAPDEM(t) + VLDTXM(t) +
 

TAXCM(t) + ALINT(t) + ALREP(t) + (TCEC(t) -

TRSL,(t)
 

ALPHI(t)*CSTGH(t))*3TXDLw + RPCAPT(t) (6.38)
3*XDEL
 

where:
 

ACLAM = total accounting costs of modern sector
 
(Ps/year)
 

OPCLAM = operating costs of modern cattle--Equation
 

6.31 (Ps/year) 

OPCLNM = as defined in Equation 6.30b (Ps/year) 

CAPDEM as defined in Equation 6.32 (Ps/year) 

VLDTXM - value of taxes on land in modern cattle 
production--Equation 6.33 (Ps/year) 

TAXCM - total special taxes on modern cattle 

3
(TAXCM(t) I TAXCMi(t))--Equations 6.34
 

(Ps/year)
 

ALINT = interest payments on development credit--

Equation 9.8b (Ps/year)
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ALREP = repayment of development credits--Equation
 
9.5 (Ps/year)
 

CSTGH - cost of building forage storage (Ps/ha)
 

TCEC a total cash establishment costs--Equation
 
6.37 (Ps/ha)
 

ALPH1 a as defined in Equation 6.36 (proportion)
 

TRSL - total land in transition from traditional
 
to modern practices--Equation 5.46 (hectares)
 

3*XDEL = time required to complete a land improvement
 
program--Equations 5.43 (years)
 

RPCAPT - the rate farmers' cost is increased by
 
execution of additional storage capacity
 
(Ps/year).
 

Accounting revenues from cattle are computed from
 

sales of milk and animals and increased by any direct subsidy
 

paid to farmers. In the modern sector, revenues are also
 

increased by the payment of development loans, but due to the
 

difficulty in allocating commercial loans between the two
 

sectors, these are computed in a more aggregated accounting
 

in Chapter 9. Since the market model only generates the price
 

of finished males, the pricing of other animals sold is com

puted as a proportion of the price of finished males. This
 

computation is done with a set of coefficients estimated from
 

time series recorded by the Central Bank and published by
 

Garcia Samper [23]. Equations 6.39 show the computation of
 

revenues from the modern sector.
 

SLSPM(t) - (SLSCCM(t) + SOLDFM(t))*C224 + SLSMPM(t)*C225
 

+ SLSMFM(t) + SLFERM(t)*C226 + SLSFGM(t)*C227
 

+ SLSMGM(t)*C228 (6.39a)
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YAM(t) a PAP(t)*SLSPM(t) 	 (6.39b)
 

where:
 

SLSPM -	sales from the modern sector weighted by

price relationships (i.e., finished males
 
equivalents) (animals/year)
 

SLSCCM, SOLDFM, SLFERIM
 
= as defined in Equation 6.24 (animals/year)
 

SLSMPM, 	SLSMFM
 
as defined in Equation 6.24 (animals/year)
 

SLSFGM, 	SLSMGM
 

- as defined in Equation 6.24 (animals/year) 

YAM - income from sales of modern animals (Ps/year) 

PAP - producer price of finished males--Equation 
7.3 (Ps/animal) 

C224j, ..., C228 
model parameters determining price relation
ships between finished males and other sale 
groups (proportion) 

ARLAM(t) - YAM(t) + YMM(t) + ALOAN(t) + AGSUM(t) (6.39c)
 

where:
 

ARLAM = accounting revenues from modern cattle
 
(Ps/year)
 

YMM - income from milk in the modern sector
 
(Ps/year)
 

ALOAN = credits paid for farm development--Equation
 
9.4a (Ps/year)
 

AGSUM = subsidies paid to the modern sector (Ps/year). 

Accounting costs and revenues provide estimates at 

a given point in time. Yet when farmers are considering the
 

adoption of a new method they require an estimate of the
 

future stream of revenues and costs throughout a relevant
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planning horizon. These projections into the future and
 

within a planning horizon are simulated in the model by
 

assigning a weight to each year and for each accounting
 

variable involved based on farmers' past experience and on
 

their judgment about changes brought about by the new methods.
 

As can be expected, each alternative produces a set of dif

ferent expectations and therefore the above-mentioned weights
 

vary accordingly (see Table 11.4). 

costs are computed in Equations 6.4

EOPCLM(t) CSTANTL(t)*CAINCR 

Expected revenues 

0 below: 

and 

(6.40a) 

GRE 

(6.40b)
EOCLNMi(t) * CLNDTL(t)*CLINCR i 

(6.40c)
EVLDTXi(t) VLTXTL(t),VLTXTPi 


(6.40d)
ETXCi(t) - TAXCTL(t)*TXCP i 

ECADEMi(t) - EQLTC268*CAPDTPi (6.40e)
 

where:
 

EOPCLM - expected operating costs of modern cattle
 
(Ps/ha-year)
 

EOCLNM - expected operating costs of modern 
grasslands (P3/ha-year) 

EVLDTX = expected taxes on land in modern cattle
 
production (Ps/ha-year)
 

ETXC - expected special taxes on modern cattle
 

(Ps/ha-year)
 

ECADEM - expected capital depreciation in the
 

modern sector (Ps/ha-year)
 

CSTANTL - the exponential average of traditional 
animals cost (Ps/animal-year) 



TABLE 11.4. Perceived Changes in Cattle Output and Costs During the Planning Horizon.
 

Planning Horizon (years)
 

Parameter
 
Definition (Eqn. No.) 
 1 2 3 4 5 6 7 8 9 10 i 12
 

SINCR(5.35c) 6etermines
 
change in sales
 

Alternative: 1 1 1 1.15 1.45 1.65 1.9 1.9 2 2 2 2 2
 
2 1 1 1.15 1.7 2 2.25 2.45 2.6 2.6 2.6 2.6 
 2.6 
3 1 1 1.5 2.7 3.2 3.9 4 4 4 4 4 4
4 1 1 1.5 2.7 3.2 3.914 4 4 4 4 4 

TMINCR(5.35c) determines
 
change in milk output


Alternative: 1 1.1 1.2 1.25 1.25 1.35 1.35 1.35 1.4 
 1.4 1.4 1.4 1.L
 
2 1.2 1.22 1.29 1.36 1.43 1.46 1.53 1.57 1.57 1.57 1.57 1.57

3 1.3 1.37 1.57 1.8 2 2.2 2.22 2.22 2.22 2.22 2.22 2.22
 
4 1.32 1.39 1.6 1.82 2.2 2.4 2.4 2.4 
 2.4 2.4 2.4 12.L
 

BINCR(5.35c) determines
 
change in inventory
 

Alternative: 1 0 
 0.05 0.15 0 0.15 0 0 0.1 0 0 0 j5
2 0 0.08 0.22 0.15 0.15 0.1 0.05 0.05 0 
 0 0 '
 
3 0 0.35 0.45 0.5 0.4 0.2 0.2 0 0 0 r 1h
 
4 0 0.35 0.45 0.5 0.4 0.2 0.2 0 0 0 C 10 

CAINCR(6.40a) determineschange in animal costs
Alternative: 1 1.17 1.27 1.42 1.42 1.57 1.57 I
1.5711.67 1.67 1.67 1.671!.7
 

2 1.17 1.32 1.47 1.47 1.62 1.62 1.6-
 1.77 1.77 1.771.77
3 1.2 1.67 1.97 2.47 2.87 3.07 3.27 3.27 3.27 3.2713.27'3.27 
4 1.2 1.67 1.97 2.47 2.87 3.07 3.27 3.27 3.27 3.2713.27!3.27 

http:3.2713.27!3.27
http:3.2713.27'3.27
http:1.771.77
http:1.5711.67


TABLE 11.4. (continued)
 

Planning Horizon (years)
 

Parameter
 
Definition (Eqn. No.) 1 2 3 4 5 6 7 8 9 10 11 12
 

CLINCR(6.40b) determines
 
change in land costs
 

Alternative: 	 1 1 1 1.25 1.25 1.4 1.4 1.4 1.5 1.5 1.5 1.5 1.5
 
2 1 1 1.25 1.25 1.4 1.4 1.4 1.5 1.5 1.5 1.5 1.5
 
3 	 1 1.3 1.6 1.8 2 2.5 2.5 2.5 2.5 2.5 2.5 2.5
 
4 1 1.2 1.4 1.6 1.8 2.2 2.2 2.2 2.2 2.2 2.2 2.2
 

"17LTXTP(6.40c) determines
 
change in value of land tax
 

Alternative: 	 1 1 1 1 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.3 1.3
 
2 1 1 1 1.25 1.25 1.25 1.35 1.35 1.35 1.35 1.35 1.35
 
3 1 1 1 1.3 1.3 1.3 1.4 1.4 1.4 1.4 1.4 1.4
 
14 1 1 1 1.32 1.32 1.32 1.42 1.42 1.42 1.42 1.42 1.142
 

TXCP(6.40d) determines change
 
in value of cattle taxes
 

Alternative: 	 1 1.1 1.16 1.19 1.21 1.26 1.27 1.28 1.3 1.3 1.3 1.3 1.3
 
2 	 1.1 1.25 1.3 1.33 1.35 1.36 1.37 1.4 1.4 1.4 1.4 1.4
 
3 	 1.1 1.35 1.6 2 2.4 2.55 2.6 2.6 2.6 2.6 2.6 2.6
 
4 1.1 1.35 1.6 2 2.4 2.55 2.6 2.6 2.6 2.6 2.6 2.6 

CAPDTP(6.40e) determines 
change in capital deprecia
tion
 

Alternative: 1 1 1.5 2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
 
2 	 1 1.6 2.5 2.8 3 3 3 3 3 3 3 3
 
3 	 1.1 2 2.8 3 3* 4 3.4 3.4 3.4 3.4 3.4 3.4 3.4
 
4 	 1.1 1.9 2.7 2.9 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3
 

Source: [42] 	and initial guesstimates and model tuning.
 

CC) 
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GRE = equilibrium grazing rate (has/animal)
 

CLNDTL = the exponential average of traditional
 
grasslands cost (Ps/ha-year)
 

VLTXTL = the exponential average of traditional
 
land tax (Ps/ha-year)
 

TAXCTL = the exponential average of special taxes
 
on traditional cattle (Ps/ha-year)
 

EQLT*C268 = capital costs for traditional cattle
 
production--Equation 6.32 (Ps/ha-year)
 

CAINCR = the expected increase in animal costs
 
(dimensionless)
 

CLINCR = the expected increase in range management
 
costs (dimensionless)
 

VLTXTP = the expected increase in land tax
 
(dimensionless)
 

CAPDTP = the expected increase in capital costs
 

(dimensionless)
 

i = indexes the planning horizon--i=l, ..., n.
 

Expected establishment costs are computed as equal
 

allotments during the years required to complete a modern
 

alternative. A model subprogram allocates these values
 

among the relevant years in the planning horizon.
 

ETCEC(t) = TCEC(t) (6.40f)3*XDEL
 

where:
 

ETCEC = expected cash establishment costs of a
 

modern alternative (Ps/ha-year)
 

TCEC = as defined in Equation 6.37 (Ps/ha)
 

3*XDEL = time required to complete a modern alter
native--Equations 5 .43 (years).
 

The expected debt service, EDBSER, is generated by
 

a model subprogram that first conputes interests paid on the
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entire credit received for development during the period
 

of establishment and the grace period. Next the subprogram
 

computes repayments in equal allotments during the repayment
 

period, and charges interest on the unpaid balances.
 

Finally, the expected credits paid are computed in a way
 

similar to ETCEC above. The time during which credits are
 

paid (LT1) may not necessarily be equal to the time required
 

to establish the alternative (3*XDEL). A model subprogram
 

allocates these values among the relevant ,ears in the planning
 

horizon.
 

ELOAN(t) = TCEC(t)*(l - RPTN) (6.40g)

LT1
 

where: 

ELOAN = expected credits paid for farm development 
(Ps/ha-year) 

RPTN = farmers' participation of total establish
ment costs--a policy variable (0 < RPTN < 1) 
(proportion) 

LT1 = time development loans are paid--a policy 
variable (years). 

Table 11.5 at the end of this chapter shows the values 

of a selected number of variables used in component AGPRAC. 
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TABLEII.5. 	Selected Coefficients and Initial Values in the
 
Agricultural ProductionComponent (AGPRAC).
 

Definition
 
(Equation No.) Value
 

DYLDCU 
(6.2a) 

Determines target yield of cash 
crops in the uplands (tons/ha

1.65 

year) 

DYLDCL Determines target yield of cash 2.9 

(6.2b) crops in the lowlands (tons/ 
ha-year) 

DYLDFC Determines target yield of food 10 
(6.2c) crops (tons/ha-year) 

GRE Determines the equilibrium graz- .74 
(6.4b) ing rate (has/animal) 

CPLPT Determines proportion of .45 
(6.5) artificial grasses 

TDNSG Determines the average TDN from .2343 
(6.9c) sorghum silage (tons TDN/ton 

silage) 

TDND Determines target yield of TDN 7.4 
(6.9f) of grazing lands (tons/ha-year) 

NREQT Determines appropriate tradi- .55 
(6.22a) tional animal nutritional re

quirements (animal-year/ton TDN) 

ELASI Determines income elasticity of .6 
(6.26b) demand for beef 

UNEXPL Determines illegal cattle exports 300,000
 
(6.26c) (animals/year)
 

COSTFT Determines cost of treatment 4.5
 
(6.28a) against foot-and-mouth disease
 

(Ps/animal-year)
 

TAXLAND Determines the land tax rate 	 .0042
 
(6.33) (proportion/year)
 

SFTAX Determines the female consumption 100
 
(6.34b) tax rate (Ps/animal)
 

50
 
(6.34b) tax rate (Ps/animal)
 

CT202 Determines number of traditional 


SMTAX Determines the male consumption 


.4
 
(6.21b) lactating cows milked (proportio4
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TABLE 11.5. (continued)
 

Definition
 
(Equation No.) Value
 

C217 Determines rate of growth of non- .0285
 
(6.25a) Costa cattle population
 

(proportion/year)
 

C223 Determines the liveweight tax 4.0
 
(6.34a) rate (kilograms/animal-year)
 

C224 Determines price relationship .68
 
(6.39a) between finished males and cull
 

cows (proportion)
 

C225 Determines price relationship .92
 
(6.39a) between finished and producing
 

males (proportion)
 

C226 Determines price relationship .88
 
(6.39a) between finished males and
 

breeding cows (proportion)
 

C227 Determines price relationship .42
 
(6.39a) between finished males and
 

growing females (proportion)
 

C228 Determines price relationship .535
 
(6.39a) between finished and growing
 

males (proportion)
 

C237 Determines the rate of increase .1
 
(6.26b) in income (proportion/year)
 

C238 Determines the rate of increase .032
 
(6.26b) in population (proportion/year)
 

C242 Determines proportion of heifers .05
 
(6.27a) treated against brucellosis
 

without campaign (proportion)
 

C244 Determines proportion of animals .3
 
(6.28b) treated against foot-and-mouth
 

without campaign (proportion)
 

C248 	 Determines the assessed value of 
 .5
 
(6.33) land (proportion)
 

C250 Determines the relationship 
 1.2
 
(6.9c) 	 between green forage and silage
 

(tons forage/ton silage)
 

40
 
(6.9c) forages (tons/ha-cutting)
 
C253 	 Determines yield of green 




183
 

TABLE 11.5. (continued),
 

Definition
 
(Equation No.) Value
 

C254 Determines the number of forage 3 
(6.9c) cuttings (cuttings/year) 

C279 
(6.34c) 

Determines the cattle general 
inventory tax rate (Ps/animal

3.1 

year) 

CSTHCU(0) Initial cost of cash crops in 560 
(6.29b) the uplands (Ps/ha-year) 

CSTHCL(0) Initial cost of cash crops in 1,097 
(6.29b) the lowlands (Ps/ha-year) 

CSTHFC(0) Initial cost of food crops 723 
(6.29b) (Ps/ha-year) 

CLNDT(0) 
(6.30a) 

Initial operating cost of 
traditional grazing lands 

35.8 

(Ps/ha--year) 

CLNDM(0) Initial operating cost of modern 100 
(6.30a) grazing lands (Ps/ha-year) 

CSRFGH(0) Initial cost of replanting and 570 
(6.30b) growing forages (Ps/ha-year) 

CSHARV(0) Initial cost of harvesting and 6.25 
(6.30b) storing forages (Ps/ton) 

CSTANT(0) Initial operating cost of 24.14 
(6.31) traditional animals (Ps/animal

year) 

CSTANM(0) Initial operating cost of modern 56 
(6.31) animals (Ps/animal-year) 

CSINPH(0) Initial cost of improving native 576 
(6.35) grasses (Ps/ha) 

CSIAPH(0) Initial cost of improving 576 
(6.35) artificial grasses (Ps/ha) 

CSPAPH(0) Initial cost of planting 660 
(6.35) artificial grasses (Ps/ha) 

CSPFGH(O) Initial cost of establishing 590 
(6.35) forage crops (Ps/ha) 

CBSTG(O) 
(6.35) 

Initial cost Qf building forage 
storage (Ps/m ) 

8.5 

Source: [19, 20, 23, 31, 32, 33, 42, 57, 58, 61, 66, 69, 71]
 
and initial guesstimates and model tuning.
 



CHAPTER 7
 

'PRICE GENERATION (PG)
 

Component PG generates world prices for beef and
 

market and producer prices of cattle, cash crops and food
 

crops. In addition, five-year exponential averages of the
 

producer prices are computed for use by component LAMDAC
 

in the profitability calculations for the land allocation
 

decisions.
 

Export and Market Price of Cattle
 

Colombian beef exports have been mainly live cattle,
 

but the government has announced plans to export only dressed
 

animals after 1974. The model assumes this change in export
 

policy will be effectively implemented, and that the relevant
 

world price is for frozen carcass beef. For the period 1964
 

to 1974, prices are for a composite of live animals and
 

frozen carcass beef. Although it has been assumed that
 

exports will continue in the form of frozen carcass beef,
 

it is clea' that the export price will be modified if chilled,
 

refrigerated or processed beef is exported. All export
 

prices are given as live animal prices; carcass beef is con

verted to live animals byuse of the factor 4.3 which is the
 

number of animals to produce a metric ton of carcass. World
 

prices for cattle (U. S. $/animal) are exogenously generated
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by Equation 7.1 below. Since cattle exports were negligible
 

until 1964, no world prices are generated for the years
 

prior to 1964. For the period 1964 to 1970, prices are a
 

composite of live animals and carcass beef as reported by
 

Sarmiento [63]. From 1971 to 1974 these composite prices
 

are projections based on Instituto de Comercio Exterior
 

(INCOMEX) estimates [35). Finally, after 1974 world prices
 

are projected assuming various trends that will be discussed
 

in Chapter 12.
 

0 
 0<t<4
 

117, 115.5, 127, 147, 164, 163.5, 174 4 < t < 10
 

WPB(t) = WPB1970*(l+WPBR*(t-10) 10 < t < 14
 

WPBC(t) t > 14
4.3 
 t 1
 

(7.1a)
 

WPBC(t) = WPBCI970*(l+WPBCR*(t-IO)) (7.1b)
 

where:
 

WPB = world (FOB) price of beef (US$/animal)
 

WPBC - world (FOB) price of frozen carcass beef
 
(US$/metric ton)
 

WPBI970, WPBC1970
 
- recorded world price in 1970
 

WPBR - rate of change of world price after 1970
 
as a proportion of 1970 price. This is a
 
composite of live animals and frozen
 
carcass beef (proportion/year)
 

WPBCR - rate of change of world price of frozen 
carcass beef after 1970 as a proportion 
of 1970 price (proportion/year) 

t a simulated time (t-0 is 196 0)--years.
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The market price of cattle is computed in Equation
 

7.2. This equation, which generates the market price of
 

finished males as a function of excess demand, is derived
 

directly from the definition of demand price elasticity c:
 

C
 

where Aq - qt - DT and Ap - Pt - Pt-DT and the 

ratios are taken relative to the initial price and quantity 

demanded, pt-DT and qt-DT'-I/ 

PA(t) - PA(t-DT) + DT*C219*PA(t-DT),
 

(TDEM(t-DT) - SUPB(t-DT)) (7.2)
ELASD*TDEM(t-DT) 

where: 

PA - market price of finished males (Ps/animal) 

SUPB = total Colombian supply of beef--Equation 6.25b 
(animals/year) 

TDEM - total demand for Colombian beef--Equation 

6.26c (animals/year) 

ELASD - price elasticity of demand for beef 

C219 - a model parameter regulating the beef price 
response to excess demand (proportion/year). 

Equation 7.2 assumes that the target change in 

quantity, Aq, will be the excess demand in the previous 

period and that the equilibrium price will not necessarily 

be reached in one.period, i.e., if DT*C219 < 1. The 

I/For a detailed derivation see Abkin [1, Chapter 5).
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domestic price of other types of cattle are computed as a
 

constant proportion of the price of finished males. This
 

computation will be more fully discussed in Chapter'9.
 

-.Producer Prices and Price Averages 


Next, producer prices are computed for cattle and
 

crops. Producer prices of crops are exogenously determined
 

and are a composite of the major crops grown in each of the
 

agricultural regions. The model assumes a constant profit
 

margin in the production of crops and projects increases
 

in their prices over time at the same rate that costs of
 

production are increased. Producer p'ices in the base year
 

(1960) are as reported by the World Bank report on Colombia
 

[41] and weighted by total yields in each agricultural region.
 

Weights are derived from hectares in production reported
 

by DANE [151 and average yields reported by the Instituto
 

de Mercadeo Agropecuario (IDEMA)-/ as shown in Table 11.6.
 

Further, it is assumed that 50 percent of the harvested
 

yield of sesame and sorghum, 35 percent of that of cotton,
 

-

and 70 percent of that of corn come from the uplands.

2


I/IDEMA. Informe Sobre la Superficie Sembrada,
 
Produccion Total y Rendimientos de los Productos Basicos.
 
Bogota. Mayo 1971. Unpublished Report.
 

Z/Weights used for 1960 are, for cash crops in the
 

lowlands: sesame--.012; cotton--.13; corn--.24; sorghum-
.015; and rice--.6. For cash crops in the uplands: sesame-
.018; cotton--.1l; corn--.85; and sorghum-.-.023. For food
 
crop: plantain--.48; and cassava--.52.
 

http:cassava--.52
http:plantain--.48
http:corn--.85
http:cotton--.1l
http:corn--.24
http:cotton--.13
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TABLE II.6. Land in Crops, Average Yields and Producer
 
Prices in the Costa, 1960.
 

Crop Area Planted Average Yield Price 
(has) (tons/ha-yr) (Ps/ton) 

Sesame 9,787 .59 1,519 

Cotton 38,815 1.34 1,726 

Corn 162,806 1.19 474 

Sorghum 2,952 2.46 369 

Rice 74,588 1.98 883 

Plantain 48,578 8.38 224 

Cassava 53,243 8,28 303 

Source: 	 As indicated above. Price of sorghum was obtained
 
by personal information.
 

The producer price of cattle is computed in Equation
 

7.3 b elow: 

PAP(t) = 	PA(t)*(l-MKM) (7.3)
 

where:
 

PAP = producer price of finished males (Ps/animal)
 

MKM = the marketing margin for cattle--proportion

(0 < MKM < I) (see Table 111.2). 

Because of a lack of information on producer price 

changes,, crop prices are increased over time at the same 

rate of increase in farm costs (RCST). The assumption of 

*maintaining a constant profit margin throughout the 
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simulation is an accounting simplification that finds
 

'Justification in the secondary concern of the model on
 

the crop 	subsector. Equations 7.4 compute these prices as:
 

PCROPU(t+DT) = PCROPU(t)*(l+DT*RCST) 	 (7.4a) 

PcROPL(t+DT) = PCROPL(t)*(l+DTORCST) 	 (7.4b)
 

PFCROP(t+DT) = PFCROP(t)*(l+DT*RCST) 	 (7.4c)
 

where:
 

PCROPU = the projected producer price of cash
 
crops from uplands (Ps/ton)
 

PCROPL = the projected producer price of cash'crops
 
from lowlands (Ps/ton)
 

PFCROP = the projected producer price of food-crops
 
(Ps/ton)
 

RCST = the rate of increase in farm costs
 

(proportion/year).
 

Exponential price averages are computed in Equations
 

7.5 for use in determining land allocation decisions
 

(Equations 5.35a and 5.35e).
 

DT
 

EPAP(t) = EPAP(t-DT) + E- *(PAP(t-DT) - EPAP(t-DT)) (7.5a)
 

EPCRPU(t) = EPCRPU(t-DT) + DT(PROPU(t-DT),DEL7.(COUtD)
 

EPCRPU(t-DT)) 	 (7.5b)
 

where:
 

EPAP = 	 exponential average of finished males 
producer price (Ps/animal) 

EPCRPU = 	 exponential average of upland cash crops 
producer price (Ps/ton) 
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DEL5, DEL7
 
= averaging lags (years). 

IThe values of a selected number of variables used 

.in.generating prices are shown in Table 11.7. 
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TABLE 11.7. 	 Selected Coeffic. nts and Initial Values in the
 
Price Generation Component (PG).
 

Definition
 
(Equation No.) Value
 

WPBR 
(7.1a) 

Determines change in live-carcass 
world price of beef (proportion 
of 1970 price/year) 

.Ii / 

WPBCR 
(7.1b) 

Determines change in frozen 
carcass world price of beef 
(proportion of 1970 price/year) 

.38411/ 

ELASD 
(7.2) 

Price elasticity of demand for 
beef (dimensionless) 

.7 

RCST 
(7 .4) 

Determines change in cost of 
farm inputs (proportion/year) 

.12 

SUPB(O) 
(7.2) 

Initial total Colombian beef 
supply (animals/year) 

1,889,100 

TDEM(0) 
(7.2) 

Initial total demand for 
Colombian beef (animals/year) 

1,889,100 

PCROPU(0) 
(7.4a) 

Initial composite price of cash 
crops in uplands (Ps/m.ton) 

630 

PCROPL(0) 
(7.4b) 

Initial composite price of cash 
crops in lowlands (Ps/m.ton) 

892 

PFCROP(0) 
(7.4c) 

Initial composite price of food 
crops (Ps/m.ton) 

265 

PA(0) 
(7.2) 

Initial price of finished males 
(Ps/animal) 

1,067 

WPBC1970 
(7.1b) 

World price for Colombian 
carcass beef in 1970 (dollars/ 
m.ton) 

588 

a/ 	Based on price increase between 1964 and 1968 and
 
assuming a gradual increasing weight of carcass beef
 
on exports from 1970 to 1974.
 

b/ 	Based on 1970 price reported by Sarmiento [631, and
 
on 1972 price (US$1040/m.ton) reported by El Espectador,
 
Bogota, April 8, 1973.
 

Sources: [15, 16, 23, 41, 63, 67]
 



CHAPTER 8
 

POLICIES FOR THE CATTLE INDUSTRY
 

In a policy-oriented model, there are a number of
 

places in which the policy maker can interact with researchers
 

to perform experiments in a simulated system. These experi

ments may involve changing system parameters and technological
 

coefficients to see the effect on the model's performance
 

or direct policy experimentation. In the latter course,
 

policies and programs are specified explicitly and the con

sequences are simulated as a result of the system structure
 

of the model. When experimenting with different values of
 

system parameters and/or technological coefficients, the
 

policy maker acquires a better judgment about those parameters
 

to which the model is insensitive and about those which sig

nificantly affect the system performance and therefore would
 

play a role in future policy and planning decisions. In
 

addition, technological research may be suggested by policy
 

runs speculating on the likely consequences of the introduc

tion of an innovation wh. h may not actually be developed at
 

the moment.
 

Simulation runs testing parameter sensitivity and
 

conducting direct policy experiments are discussed in
 

Chapters U1 and 12.
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Policies
 

Three basic policy strategy alternatives are structured
 

in the simulation model. Others could be added, but the
 

three included seemed to be quite relevant for Colombian
 

policy makers at the time the model was defined. Policies
 

may be set and experimented with in any one or a combination
 

of the following: production campaigns, tax policies and
 

export policies.
 

Production Campaigns
 

Production campaigns make up the first class of policies 

which may be investigated. Promotion efforts aimed at moderniz

ing cattle poduction can generate substantial returns to both 

the public and private sectors. Such modernization may entail 

the introduction of better animal husbandry and/c(r the encourage

ment of improved pasture managerent practices and Increased 

fodder production. The increase In output can then -esult 

in higher Incomus for the farmers, Increa.,ed avalh1111ity of 

basic food for, th. mas.s3 of the pupulation, ;rnd Iner(:.ed tax 

revenues an(] foreign eychange- earnini-s for the public sector. 

The nonagriculturarl sector, though not modeled, could Ue 

expected to grCow ,ilso tn" a rf-su]t of Increa ,,o dtemandsr from 

the agricultural sector. 

A,;.:oclated with this modernlzatlon (,ffort, t- policy 

of providing credit. for farm Improverments at specia] 1lnding 

terms. These terms include the lnterelnt rate, the grace 

period, the repayment schedule, the farmerr,' participation 

http:Iner(:.ed
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on the total cost of the project and the technical assistance.
 

Both the promotional information units discussed in component
 

LAMDAC, Equation 5.37, and the funds for development credit
 

discussed in component CR7ACC, Fquatlon q.4, are generated
 

exogenously using a promotion and credit allocation routine.
 

The maximum yearly size (VMAX) anO time spans (7O, Tl, T2,
 

TF) of these services may be specified l y the experimenter,
 

and the model generates the time profile s,own in Figure 11.8.1/
 

Other policies related to production camnnigns are
 

the control of foot-and-mouth d1sease and brucello-ls, and 

the improvement of crop production. Currently, t l model 

takes the disease control campairn as aimed toward the
 

traditional sector since it i- assumed that animals in the 

modern sector are appropriately treated as part of the im

proved huslandry adopted. As Indicatod In Chapter 0 (Equations 

6.27 and 6.)8), rinimal; are treatfd regardle-s of their pro

fitability. All th:,'t lo rquired ts an exogenous, rate of 

vaccination (C19( arid C20O) which can he s,,t a:: a policy. 

Governrment ,.xpondlturooe In the o a on control of foot-and

mouth d'ire:f:,, !XPAV'T in Equat Ioi (. _, are jeonorated using 

a TAPLI.I fiu-c !()n which - tps up thf, se expendituref- from the 

year- Tr-c,' I. ng I canrlnnnI unt 11 t hey reach a maxi mum, and 

1/Th1ti routIn, has Ieen ndapted from the modernizn
tion budget ,x,,cutive routIn,, u.'ed In the simu]ntion of the 
Nigerian Agricultural Economy [5I. 
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Campaign promotion (units/yr.)
 
Credit funding (Ps/yr.)
 

VMAX.. . 

Time
 
0 TO T1 T2 TF
 

FIGURE 11.8. Promotion and development credit profile.
 

then the function projects them at a constant annual rate.
 

The values used in this function have been approximated
 

from estimates supplied by ICA [31] and show the more limited
 

efforts that have been achieved in this program prior to
 

1971. The profile generated by the table function could be
 

changed to one similar to Figure 11.8 as part. of the policy
 

experiments. Finally, the improvement of cr-ps is determined
 

exogenously using the simple model described by Equations
 

6.2, and its effect is measured in the land allocation
 

decisions and in farm income.
 

Taxes
 

The second major policy which can be investigated
 

With the model is the area of taxing policies. Taxes are
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levied on net income, net worth, cattle, and land, but we
 

are concerned here only with the last two categories.
 

Taxes on cattle as described in Chapter 2 affect the cost
 

of production and therefore cause adjustments in the use
 

of factors of production that affect farm income and output.
 

Taxes on land are amortized to its value and therefore de

crease the asset position of farmers. Yet both cattle and
 

land taxes are a main source of government revenue. With
 

simulation runs incorporating different levels of tax rates
 

for both cattle and land, questions can be answered regarding
 

the iLRely consequences these policies will have on produc

tion levels, agricultural income, and other relevant economic
 

performance criteria.
 

Export Policies
 

Finally, the model allows experimentation with several
 

kinds of export policies aimed at generating foreign earnings
 

and regulating domestic supply. Specifically, targets can
 

be set on cattle exports, exchange rates can be varied and
 

subsidies can be paid to exporters. In addition to these,
 

the effects of different levels of exports on domestic 
con

sumption and price can be investigated and their consequences
 

projected. Further, the value of transfers from public
 

revenues to the private sector in the form of an export
 

subsidy can also be examined.
 





CHAPTER 9
 

ACCOUNTING AND PERFORMANCE CRITERIA (CRTACC)
 

Component CRTACC completes the farm accounting and
 

computes the performance indices used to evaluate the out

come of the cattle and crops policy experiments.
 

Budget Accounting
 

Given incomes, costs of crops and cattle and the rate
 

of land improvment, it is possible to determine credit require

ments, debt service, investment constraints and farm income
 

on a regional basis. The farm development budget is modeled
 

dynamically as cash flows distributed over time. The develop

ment budget model is divided into three stages of varying
 

lengths. The respective stage lengths reflect the three
 

investment periods which the model identifies: a period of
 

expenditures on farm improvements and credit payments, a
 

grace period, and a period of credit repayments. These
 

lengths (LT) are policy variables which allow testing the
 

effect of different credit schemes.
 

The preceding budget flow is simulated dynamically
 

by three calls to BOXC, a "boxcar train" subroutine, one for
 

each stage. This subroutine is used to delay a flow for a
 

considerable period of time, with no outflow until the
 

delay time is over [21, 52]. The credit-investments period
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uses as an input the outlays required for farm improvement, 

riet of farmern participation and use of private furid:;. 

These requirements are determined by the rate at which land 

enters modernization (Equation 5.41) and the establishment 

costs (Equation 6.37). The remaining stages use the output 

of the preceding stage as an input. Equations 9.1 describe 

this process. 

CALL BOXC(AUX5(t-DT), BOUTI(t), TRAINI, NCOUNl, NOCYl,
 

LTl, SUMIN) (9.1a)
 

CALL BOXC(BOUTI(t-DT), BOUT2(t), TRAIN2, NCOUN2, NOCY2,
 

LT2, SUMIN) (9.1b)
 

CALL BOXC(BOUT2(t-DT), BOUT3(t), TRAIN3, NCOUN3, NOCY3,
 

LT3, SUMIN) (9.1c)
 

where:
 

AUX5 - credit ne s for land entering modernization
 
(Ps/year) /
 

BOUT1 - rate credit investments leave the first
 
stage (this is the output variable of the
 
first call to BOXC) (Ps/year)
 

BOUT2 - rate credit investments leave the second
 
stage (this is the output variable of the
 
seccnd call to BOXC) (Ps/year)
 

BOUT3 - rate credit investments leave the third
 
stage (Ps/year)
 

LTI - time development loans are paid (years)
 

/ For detailed computation of this variable 
see
 
subroutine MODCRD in the Appendix.
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LT2 - time after completing farm development
adding up to the grace period (LTI + LT2) 
(years) 

LT3 - time development loans are repaid (years) 

TRAIN, NCOUN, NOCY, SUMIN 
- other variables associated with the use of 

the BOXC subroutine. 

The purpose of these calls to subroutines BOXC is 

to compute TRNSL(t), the sum of credit invested in each 

stage. These levels are computed in Equations 9.2 as time 

integrals of credit flow rates. 

TRNSLI(t+DT) - TRNSLI(t) + DT*(AUX5(t) - BOUTI(t) 

- TRAIN1(3).(l - A5(t))) (9.2a)
 

TRNSL2(t+DT) - TRNSL2(t) + DT,(BOUT1(t) -

BOUT2(t)) (9.2b)
 

TRNSL3(t+DT) a TRNSL3(t) + DT*(BOUT2(t) -

BOUT3(t)) (9.2c)
 

where:
 

TRNSLI - total credits paid during the first stage-
the period when improvements are implemented
 
(Ps)
 

TRNSL2 - tctal credits completing the grace period (Ps)
 

TRNSL3 - total credits that have to be repaid (Ps)
 

A5 - the proportion of land remaining in the
 
program after dropouts--Equation 5.44.
 

The term involving TRAIN1(3) in Equation 9.2a needs further
 

explanation. The credit rates that flow through the first
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BOXC delay are adjusted to allow for the possibility of
 

"dropouts" from the program. This dropout effect i intro

duced by the variable A5 discussed in Chapter 5. Equation
 

9.2a also implies that dropouts, if any, occur during the
 

first year after entering the modernization program.
 

Development Credit
 

Once the total outlays of investment credit are
 

generated, it is easy to determine the credit constraints
 

to development and the debt service. First the model com

putes demand for credit, DCRDT, and availability of credit,
 

CREDT, which are used to determine the credit-based rate
 

of modernization in component LAMDAC (ARM1 in Equation 5.41).
 

DCRDT(t) - TRNS1 (9.3)
 

CREDT(t) - max(ACRDT(t) - DCRDT(t), 0) (9.')
 

where:
 

DCRDT - demand for development credit from ranchers
 
already in the program (Ps/year)
 

CREDT = credit available for additional modernization
 
(Ps/year)
 

ACRDT - total credit allocated for modernization--a
 

policy variable (Ps/year).
 

Next, the model computes the debt service on develop

ment loans. As a simplification, the model assumes that all
 

farmers entering a modernization program receive credit if
 

it is available. This is to say that:
 

ALOAN(t) a min(CREDT(t), DCRDT(t)) (9.4a)
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ALREP) a TRNSL3(t) (9-5)
LT3
 

ALOANA(t+DT) - ALOANA(t) + DT*ALOAN(t) (9.6)
 

ALREPA(t+DT) w ALREPA(t) + DT*ALREP(t) (9.7)
 

where:
 

ALREP - development loans repaid (Ps/year) 

ALOAN - development loans paid (Ps/year)
 

ALREPA - accumulated development loans repaid (Ps)
 

ALOANA - accumulated development credit:s paid (Ps).
 

Interests on development loans are charged on the
 

outstanding debt balance. These are computed in Equations
 

9.8 below:
 

DBTOUS(t) * ALOANA(t) - ALREPA(t) (9.8a) 

ALINT(t) - DBTOUS(t)*RINTL (9.8b)
 

where:
 

DBTOUS a the outstanding development debt (Ps)
 

ALINT - interest payments on development loans
 
(Ps/year)
 

RINTL - interest rate on development loans--a
 
policy variable (proportion of debt/year).
 

Commercial Credit
 

Commercial credit as used in the model is short

term credit, usually for one year provided through the
 

development and private banks under a variety of government

regulated schemes (see Chapter 1). Since interest charges
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on these loans vary widely, the model uses an estimated
 

average rate (RINTC) when computing the short-term debt
 

service. As a general policy, short-term credit is supplied
 

to cover operating costs and buying feeder cattle, although
 

the latter usce has been ruled out in the model (see Chapter 5,
 

p. 'L9). Regional allocation of commercial credit by the
 

banking sy:;ter. determines its availability to farmers and
 

this could be an important constraint in the model. Yet
 

lack of' Information on this matter led us to the simplifying
 

assumptior that the only constraint to the use of commercial
 

credi. was the farmers' capacity to provide an acceptable
 

security. :t is clear that with more information the alloca

tion of co:rercial credit by the banking system, ACRDTC,
 

could be a policy variable. Equations 9.9 below compute
 

the availability of commercial credit and its debt service.
 

CRDAV(t) a min(PEQCR*EQPOS(t), ACRDTC(t)) (9.9a)
 

EQPOS(t) = VLAND(t) + VACAPL(t) - CDEB(t) - DBTOUS(t) (9.9b) 

where:
 

CRDAV - commercial credit available to the cattle
 
sector (Ps/year)
 

EQPOS - equity position of cattle producers (Ps)
 

ACRDTC - commercial credit allocated (Ps/year)
 

PEQCR - proportion of equity which can be used as
 
a credit base (proportion/year)
 

VLAND - capitalized asset value of land in cattle
 
production--Equation 9.15c (Ps)
 

VACAPL - value of cattle inventories--Equation 9.14
 
(PS)
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CDEB - commercial debt of cattle sector--
Equation 9.9f (Ps) 

DBTOUS - as defined in Equation 9.8a (Ps). 

Total demand for corimercial credit, TDCRDC, is 

determined by the difference between net income from cattle, 

increased by internal transfers of capital from the crops 

sector, and the expenditures for consumption. 

TDCRDC(t) - max(-FARIL(t) - C239*FARMIC(t)
 

+ EXPLIV(t), 0) (9.9c)
 

where: 

TDCRDC - total demand for commercial credit by the 
cattle sector (Ps/year) 

FARIL - aggregated net farm income from cattle--
Equation 9.10c (Ps/year) 

FARMIC - aggregated net farm income from crops--
Equation 9.11 (Ps/year) 

EXPLIV - aggregated consumption expenditures of 
cattle producers--Equation 9.12a (Ps/year) 

C239 - a model parameter determining the proportion
of income from crops internally transferred 
to cattle production. 

Commercial loans paid to cattle producers, CLOAN, 

are computed as: 

CLOAN(t) - min(CRDAV(t), TDCRDC(t)) (9.9d)
 

The repayment of the commercial debt is computed as:
 

CREP(t) - max(CREPR*CDEB(t-DT), 0) (9.9e)
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where:
 

CREP = commercial loans repaid (Ps/year)
 

CREPR = repayment rate (proportion of debt/year).
 

Given credit payments and repayments, it is possible
 

to compute the outstanding commercial debt and interest pay

ments by the cattle sector.
 

CDEB(t+DT) = CDEB(t) + DT*(CLOAN(t) - CREP(t)) (9.9f)
 

CINT(t) = RINTC*CDEB(t) (9.9g)
 

where:
 

CDEB = commercial debt of cattle sector (Ps)
 

CINT = interest payments on commercial debt
 
(Ps/year)
 

RINTC = interest rate on commercial loans (proportion
 
of debt/year)
 

Aggregated Income and Consumption
 

Component AGPRAC generates revenues and costs of
 

traditional and modern cattle (Equations 6.38 and 6.39)
 

disregarding the accounting effect of commercial credit.
 

Now it is possible to incorporate this effect into the
 

general accounting and determine farm income on a regional
 

basis. First, Equations 9.10 compute aggregated income from
 

cattle.
 

ARLSK(t) = ARLAT(t) + ARLAM(t) + CLOAN(t) (9.10a)
 

where: 

ARLSK = aggregated revenues from cattle (Ps/year) 
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ARLAT = accounting revenues from traditional cattle--

Equation 6.39c (Ps/year)
 

ARLAM = accounting revenues from modern cattle--

Equation 6.39c (Ps/year)
 

CLOAN = as defined in Equation 9.9d (Ps/year).
 

ACLSK(t) = ACLAT(t) + ACLAM(t) + CREP(t) + CINT(t) (9.10b)
 

where:
 

ACLSK = aggregated costs of producing cattle (Ps/year)
 

ACLAT = accounting costs of traditional cattle--

Equation 6.38 (Ps/year)
 

ACLAM = accounting costs of modern cattle--Equation
 
6.38 (Ps/year)
 

CREP = as defined in Equation 9.9e (Ps/year)
 

CINT = as defined in Equation 9.9g (Ps/year).
 

Finally, aggregated net farm income from cattle,
 

FARIL, is simply computed as:
 

FARIL(t) = ARLSK(t) - ACLSK(t) (9.10oc)
 

Next, aggregated farm income from crops is computed
 

from net income of cash and food crops (as discussed in
 

Chapter 6). The value of property tax used in this computa

tion is based on the assessed capitalized value of all land
 

in crops as will be discussed later in this section.
 

FARMIC(t) = FARICC(t) + FARIFC(t) - VLDTXC(t) (9.11)
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where:
 

FARMIC - aggregate~l/net farm income frcm crops
(Pe/year)- / 

farm income from cash crope (P/yenar)-
FARICC w net 

/

net Income (Ph/yrar)FARITFC - farm from food crops 

VLDTXC - value or taxes on land In crop production 

SPOa/year ) / 

D),i- to a lack of data on family expenditure patterns 

family heads epert-',nt , attland statIatlcn on the number of 

farm::;, the computation of living expenditures po:ed i r

ficult problem. Thin was circumvented in the model ty 

dvvwlordrs, a simply Income-consumption submodel. which uren 

entimmaten bat:id on experienced judgments. The numer or 

from the nurbercaltle farr, operators wan roughly estimated 

01' VIav11 VIuppllied ly DANE [(11 and an annual mlnli.um 

taned onconta:umritlon expenditure wan set for the region 

reasionjable livin, requirements per famlly.' / The Irncomo

connumptlon equationo attempt to incorporate into the rodel 

!' i-Vclted Incomre eluta of do 

wt iti eft,-ctv. and Fnigl 'n law. Savlngs In the cattlr 

econor.y a o- Impled wher, the combined Income from cattle 

'Ind (vopu; vxold connumptlon expendituren. Fquntion '- . 2 

det-rril ie the 1ncome-conrumpt Ion relitlonships dl scunv(:1 

("OtIit:tlw' r 1JiLv'vor to t c .ty de-mn 

For detailed computation of thoene variable, aee
 
nuhroutIne AOACC in the Appendix.
 

L-/The asnumed number of farm families in 40,000 ari
 
the rinimum expenditures for consumption Ps 5,000/family-year. 

http:mlnli.um
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max(ALPHP(t)eO~hC(t),-pjV(t) 	 EXLMIP 

where; 

FXPL.&% w living or consur,ption expenditure+t of 
cattle farmerd (Pb/year) 

Of! * aggregated 1o15 e.rtcome frj s'ales of 
antmala and i-lk (re/ye-r)? / 

A'.P11 a aa defined in Hquantic 9.12b (pIrcportlon) 

i.ax.a,tb) e the -, valu- t-4we -n a and b. 

((,c' ()* 2 L " )'(14.12b) 

whore: 

n variable which introduce3 thie effect of 
lncome upon, connumerm' behavior (proportion) 

Cl(2 	 a model parameter determinln- the rminimnum 
proportion of income which Is ccnsumed 

.
0;,6 n model parameter determlnInr th,. rnaxiT1mum 
prorortnon of income which i:; conrumed 

0,( - the rfite f contiumption expendituro, responne 
with rempeet to chtinriet ! n Income (dimension-

C2 a Mcale factor
 

Pafx 0I t,
b)
 

* te.v maximur vn' lu, between a nnd 1b 

F,P w the expon,+nt, litl function. 

Fquntlonr 9.12 imply that a minimum level of con

mumptionr alwayn taken place despite low Incomes. Further, 

when Incomo I. low a hipher proportion of It in consumed, 

-Iii, 	 + , 	 --
I I /oI, i~ oi ll o o p,,o v oir u.tr A)( 



but as this Increases the proportion consumed decreases 

until it is stabilized when high levels are attained. This 

expeuiditure pattern reflects consumers' behavior with respect 

to changes in income. It Is clear that by as- inn dif

ferent value,; to the model parameter' In the funtIon ALPH2, 

a wide range of consumer-,' bthavior can he -simulated. The 

precedng: cOMIputatlon can 1,u improved and probably re

formulated as mcre Information on this subject is avalable. 

Onice agtr-gated income and consumption are determined, 
the model ner,'ites the farmers' Investment eapital that is 

used in comporu jt LAMDAC as a conStralnt to tht rate of land 

modernization (Equations 5.141 and 1).142c). This is computed 

in Equation . below, which assumes an internal transfer 

of capital from the crops sector to the cattle sector.
 

NCFR(t) = max(FARIL(t) + C239wFARMIC(t) - EXPLIV(t), 0) (9.13)
 

where:
 

NCFR - net investment capital of farmers (Ps/year)
 

FARIL - as defined in Equation Q.10c (Ps/year)
 

FARMIC as (icfIned in Equation 9.11 (Ps/year)
 

EXPLIV - as defined in Equation 9.12a (Ps/year) 

C239 = a model parameter determining the proportion 
of Income from crops internally transferred 
to cattle production.
 

Caital Formation arid Export Tncentives 

Two measurements of internally generated capital by
 

the cattle subsector are considered in the model: the value
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of cattle inventories and the value of land. Changes in
 

asset value of cattle over time reflect changes in both
 

prices and cattle population. The asset value of land
 

considered here is based on its capability to generate an
 

income stream independent of location, population pressure
 

and other external factors. Any increase in the asset value
 

of cattle and land not only increases the "wealth level"
 

of farmers but also the collateral value of their assets,
 

enabling them to borrow more capital for further agricultural
 

expansion.
 

The value of cattle in the model is related to the
 

price of finished males since this is the only price generated
 

by the market model (see Chapter 6, Equation 6.39a for a
 

detailed discussion). It is clear that an expanded market
 

model pricing of each animal category will provide a better
 

estimate of the value of cattle inventories. The model
 

accounts for a likely higher value of animals in the modern
 

sector, and assumes that finished males are not kept in the
 

herd but are marketed as soon as they complete the fattening
 

period.
 

VACAPL(t) = PAP(t)*[C227*(PFGT(t) + C212*PFGM(t)) + C226*
 

(PFPT(t) + C212*PFPM(t)) + C224,(OLDFT(t) +
 

C212*OLDFM(t)) + C228*(PMGT(t) + C212*PMGM(t))
 

+ C225*(PMPT(t) + C212*PMPM(t))] (9.14)
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where:
 

'VACAPL c value of cattle inventories (Ps)
 

PAP 	 producer price of finished males--

Equation 7.3 (Ps/animal)
 

PFGT, PFGM = 	 population of growing females, tradi
tional and modern, respectively--
Equation 6.11 (animals) 

PFPT, PFPM = 	 population of producing females, 
traditional and modern, respectively 
--Equation 6.11 (animals) 

PMGT, PMGM = 	 population of growing males, tradi
tional and modern, respectively--
Equation 6.11 (animals) 

PMPT, PMPM = 	 population of producing males, tradi
tional and modern, respectively--
Equation 6.11 (animals) 

OLDFT, OLDFM = population of old females, traditional
 
and modern, respectively--Equation
 
6.12 (animals)
 

C212 = a parameter accounting for heavier
 
animals from the modern sector
 

C224, ... , C228 
- model parameters determining price 
relationships between finished males 
and other sex and age groups (pro
portion). 

The asset value of pasture land used in the model is its
 

capitalized value which is obtained by dividing the annual
 

average returns in a hectare of land by the prevailing interest
 

rate. The total capitalized value in the Costa is the sum
 

of the values of the total land in the traditional and modern
 

sectors. It should be mentioned that the capitalized value of
 

a hectare of agricultural land can be increased by the increase
 

in output, output price and decrease in the cost of production.
 

Furthermore, the change in the interest rate in the economy
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affects the capitalized land value. In the model, when the
 

average returns from traditional cattle become negative, the
 

peso per
land is valued at a salvage price assumed to be one 


crops
hectare. But when average returns from modern cattle or 


are negative, the assumed salvage value of land is that of land
 

in traditional cattle production. The capitalized value of
 

land in cattle production is computed in Equations 9.15 below,
 

where RINT attempts to represent the opportunity cost of capital
 

rather than the interest rate of bank loans.
 

= (9.15a)

VLANDT(t) max(SVALT*TTGLR(t), FARILT(t) 


where:
 

VLANDT = capitalized asset value of land in traditional
 
cattle (Ps)
 

total Costa land in traditional cattle--
TTGLR = 

Equation 5.51 (hectares)
 

farm income from traditional cattle (Ps/
FARILT = net 


year)
 

the current rate of interest (proportion/year)
RINT = 


SVALT = the salvage value of traditional land (Ps/ha.).
 

The computation of FARILT does not account for income
 

This accounting proand/or liabilities arising from credit. 


cedure implies that borrowing does not affect land values
 

and the procedure is also applied in the modern sector. 
The
 

capitalized value of crop land, VLANDC, is computed in a
 

not shown here.
fashion similar to traditional pasture and is 


Yet there are two exceptions: the salvage value of land
 

d rois Cai taricr1 LIzIet, ls rt a rigrgateof11-11,0 l cs n 1'd r-, o 


of all cash and food crops. Capitalized values per unit of'
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land are simply computed dividing total value of land by 

total land In each u:e. 

VLANDM(t) - max(VLNDIIT(t)*(TRSL(t) + TLMOD(t)), 

FARILMI(t) (9.15b) 
RINT 

VLAND(t) VLANDT(t) + VLANDM(t) (9.15c) 

where:
 

VLANDM - capitalized asset value of land in modern
 
cattle (Ps)
 

VLAND - capitalized asset value of land in cattle
 
in the Costa (Ps)
 

VLNDHT - the per hectare capitalized value of the
 
traditional land (Ps/ha.)
 

FARILMI - farm income from modern cattle net of
 
credit accounts (Ps/year)
 

TLMOD - total grazing land in modern production--

Equation 5.48 (hectares)
 

TRSL - land in transition from traditional to
 

modern practices--Equation 5.46 (hectares).
 

Finally, the model generates the variables associated
 

with the export sector which are needed to evaluate policy
 

alternatives toward cattle exports in Chapter 12. Since the
 

instruments of export promotion have been mainly the payment
 

of subsidies and adjustments in the exchange rate, we will
 

be concerned with these two policy elements here. Export
 

subsidies are paid as a proportion of the peso value of ex

ports and are computed as follows:
 

SUBSE(t) a FOREX(t)IEXCHR(t)*EXSUB (9.16)
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where:
 

SUBSE - export subsidies paid to cattle sector
 
(Ps/year)
 

FOREX - foreign exchange earnings from cattle
 
exports--Equation 9.17 (US S/year)
 

=
EXCHR 	 the official exchangr-e rate--a policy
 
variable--Equaton 9. 15 (its/dollar) 

=
EXSUB 	 the export subzldy--a policy variable 
(proportion of vaiue of exports). 

Foreign 	exchange earnings are simply computed as:
 

FOREX(t) - WPB(t).EXPL(t) 	 (9.17)
 

where:
 

WPB - world (FOB) price of beef--Equation 7.la
 
(US S/animal)
 

EXPL - official cattle exports--Equation 6.26c
 
(animals/year).
 

Exchange rates are computed for the relevant period
 

of cattle exports starting in 1964. Between 1964 and 1966,
 

exchange rate values are those recorded by the international
 

Monetary Fund [441], and average values for 1967 and at the
 

beginning of 1968 are those recorded by the Central Bank [3].
 

From 1968 forward the exchange rate is projected at the rate
 

of increase observed during the period 1967 to 1972 [45].
 

These computations performed in Equations 9.18 below in

corporate into the model the effect of a fluctuating exchange
 

rate introduced by the Colombian government in March 1967.
 

0 (i.e., undefined) 	 0 < t < 4
 

4'< t < 8 (9.18a)
EXCHR(t) - 1277, 13.5, 13.5, 14.5, 15.76 


EXCHR(t-DT) + DT*RCHEX(t-DT) t • 8
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where:
 

EXCHR = a.; derIned In E£quatlon 9.16 (lha/dollar)
 

RCHEX - the rate of change In the official exchange
 
rate--Equation 9.18b (Ps/year).
 

RCHEX(t) - ALlIEXCHR1968*EXP(AL1*(t-8 )) (9.18b)
 

where: 

ALl the annual exchange rate growth rate 
(proportion/year) 

EXCHR1968 - the official exchange rate at the begin
ning of 1968 (Ps/dollar) 

EXP - the exponential function 

t z time (years). 

Given exchange rates, export subsidies, and domestic
 

and world price of beef from component PG, the model computes
 

the export margin, EXMAR, as a proxy for the competitive
 

position of Colombian beef in International markets. Another
 

as the profit for beef exporters.
way of looking at EXMAR is 


When exports are made in the form of carcass beef it is
 

assumed that revenues from viscera, hides and other by

products cover slaughtering and handling costs. In Equation
 

9.19 below, the export subsidy, EXSUB, is reduced by a factor
 

of .8 to account for the discounted price at which the tax
 

certificates used to pay the subsidy are sold in the market.
 

A negative export margin indicates that Colombian beef is
 

priced out of international markets at the going effective
 

rate of exchange.
 

EXMAR(t) - WPB(t),EXCHR(t)*(l + 0.8*EXSUB) - PA(t) (9.19)
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where:
 

EXMAR - the profit margin of beef exports (Ps/
 
animal)
 

EXCHR - as defined in Equation 9.16 (Ps/dollar)
 

WPB - world price of beef--Equation 7.1a (US $/
 
animal) 

EXSUB - the export subsidy--a policy variable 
(proportion of value of exports) 

PA = market price of finished males--Equation 
7.2 (Ps/animal).
 

Performance Criteria
 

Equations 9.20 through 9.23 compute a number of
 

performance variables of the Costa model. These include:
 

(1) farm assets and income; (2) foreign exchange and govern

ment revenues; (3) government expenditures on modernization
 

campaigns; and (4) beef consumption. Other performance
 

measures which may be useful in evaluating alternative
 

modernization policies include output variables from other
 

components. Examples of these are total cattle population,
 

extraction ratios, and animals treated against contagious
 

diseases.
 

Equations 9.20 compute value of capital in cattle
 

production and farm income.
 

VALCAP(t) - VACAPL(t) + VLAND(t) (9.20a) 

FARMI(t) - FARIL(t) + FARMIC(t) (9.20b) 

FARMIA(t+DT) - FARMIA(t) + DTFARMI(t) (9.20c)
 

FARILA(t+DT) = FARILA(t) + DTFARIL(t) (9.20d)
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DSREVL(t+DT) - DSREVL(t)' + DT*FARIL(t)#EXP(-DIRHt) (9.20e) 

where:
 

VALCAP - total value of animal population and graz
ing land (Ps) 

FARMI = total agricultural income (Ps/year) 

FARMIA = accumulated agricultural income (Ps) 

FARILA = accumulated farm income from cattle (Ps) 

DSREVL = discounted future returns from cattle (Ps) 

DIR = the discount rate (proportion per year). 

Foreign exchange earnings and government revenues 

are computed by Equations 9.21..
 

FOREXA(t+DT) - FOREXA(t) + DT*FOREX(t) 	 (9.21a)
 

GOVREV(t) - TAXCT(t) + TAXCM(t) + VLDTAX(t) 	 (9.21b) 

GOVREVA(t+DT) * GOVREVA(t) + DT*GOVREV(t) 	 (9.21c) 

where:.
 

FOREXA 	 accumulated foreign exchange earnings
 
from cattle (Ps)
 

GOVREV - government revenues from the cattle sector 
(Ps/year) 

TAXCT, TAXCM 
- value of taxes on traditional and modern 

cattle, respectively--Equations 6.34 
(Ps/year) 

VLDTAX = value of taxes on land based on the aggregated
 
capitalized land value--Equations 6.33 and
 
9.15c (Ps/year)
 

GOVREVA - accumulated government revenues from the
 
cattle sector (Ps).
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Government expenditures on modernization campaigns,
 

Equation 9.22, include allocation of funds for development
 

credit and control of foot-and-mouth disease (FMD).
 

ACRDTA(t+DT) * ACRDTA(t) + DT*ACRDT(t) (9.22a) 

EXPDS(t+DT) = EXPDS(t) + DT*EXPAFT(t) (9.22b) 

where:
 

ACRDTA - accumulated funds allocated for develop
ment credit (Ps)
 

EXPDS = accumulated public exnenditures on control
 
of FMD (Ps).
 

Finally, beef consumption is computed in Equations
 

9.23 for the total Colombian population.
 

POP(t) - POPOEXP(C282't) (9.23a) 

PERCAP(t) - C281*(SUPB(t) - EXPL(t) - UNEXPL) (9.23b)

POPMt
 

where:
 

POP = total Colombian population (habitants) 

POPO - total Colombian population at the begin
ning of simulation (habitants) 

C282 - the rate of growth in population (por
portion habitants/year)
 

PERCAP = the Colombian per capita beef consumption
 
(kgs/habitant-year)
 

SUPB - total Colombian beef supply--Equation 6.25b
 
(animals/year)
 

EXPL - registered beef exports--Equation 6.26c 
(animals/year) 

UNEXPL = non-registered beef exports--Equation 6.26c
 
(animals/year)
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Table II.,8 shows the values of a selected number 

of variables used in component CRTACC. 
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TABLE 11.8. 	 Selected Coefficients and Initial Values in
 
the Accounting and Performance Criteria
 
Component (CRTACC).
 

Definition
 
(Equation No.) Value
 

LTl Determines the time development 3 
(9.1a) loans are paid (years) 

LT2 Completes the grace period 1 
(9.1b) (years) 

LT3 
(9.1c) 

Determines the time develop-
ment loans are repaid (years) 

8 

RINTL Determines the interest rate on .14 
(9.8b) development loans (proportion 

of debt/year) 

PEQCR Determines the proportion of .5 
(9.9a) equity which can be used as a 

credit base (proportion/year) 
CREPR Determines the repayment rate on 1 
(9.9e) short term loans (proportion of 

debt/year) 

RINTC Determines the interest rate on .1 
(9.9g) short term loans (proportion of 

debt/year) 

EXLMIN 
(9.12a) 

Determines the farmers aggre-
gated minimum living expendi

200,000 

tures (thous. Ps/year) 
SVALT Determines the salvage value 1 
(9.15a) of traditional grasslands (Ps/ha) 

RINT Determines the opportunity cost .18 
(9.15a) of capital (porportion/year) 
EXSUB Determines the export subsidy .15 
(9.16) (proportion of vaJue of exports) 

ALl 
(9.18b) 

Determines the rate of growth 
in the exchange rate (pro

.0728 

portion/year) 
C212 Determines increased weight of 1.4 
(9.14) "modern" animals (dimensionless) 

C239 Determines internal transfer of .1 
(9.9c) capita] from crops to cattle 

I),vodu1 l,Inii (pv" ,rpu l l n) 
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TABLE 11.8. (continued)
 

Definition
 
Value
(Equation No.) 


C261 
(9.12b) 

Determines the rrininum consump-
tion from grosi Income (pro

.25 

portion) 

C262 
(9.12b) 

Determine, tht, 
tion from grov 

maximum 
income 

consump-
(pro

.75 

portion) 

C263 
(9.12b) 

Govern,; re:;po,1;e rate of conoump-
tion to cthantwe2 In Income
(dimen'Aon~le,,:,,) 

.3 

0264 A scal(' factor (dtmenbmonless) 108 

(9.12b) 

0281 Determlnes the average dr,,sed 200 
(9.23a) carca,,; wei,,ht (kg[/anIma1) 

C282 Determine.- tit, rate of growth in .032 
(9.23a) populatIol 

lhab Itant../ 
(proportion 
,ar) 

EXCHR1968 Official excii nge rite at the 15 
beglnn ririg of' I,)68 (iP-/dollar) 

POPO
(9.23a) 

initial Columbliin population
(thou--. habitaiit,;) 

15,415.7 

Sources: [3, 5, 17, 41, 42, 45] and initial guesstimate.
 
and model tuning.
 



PART III
 

VALIDATION AND TESTING
 

Introduction
 

Model testing is an ongoPng process which should 

continue even after a model Ls implemented and in routine 

use. Testing, refining and validating a model are closely 

connected processes. A simulation model is tested both to 

check its Internal consistency and to assure that it is an 

adequate representation of' the complex processes of the real 

world. The validity of' a model has to be established with 

some degree of confidence before a decision maker can base 

policy decisions on the experimental results of that model. 

There are prLmarily three ways in which a model may 

be validated. The first method compares the structure of 

the model and Its simulated output, using alternative assump

tions about It.- behavlor e tab1 Ished by experts, and from 

other publi ''d sources. Tits; test uses, the intuitive 

knowledge and expert.ise of people who have experience in 

Colombia and other developing countries. 

The second approach attempts to compare the behavior 

predlcte.d by the model undti , varlous conditions with what 

actually occurs; as real time passes under the same condi

tions. Or aLternatively, the model can be used to reproduce
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historical data from the real world which are not used in
 

the construction of the model. Once the model has been
 

implemented, it is tuned and updated as an ongoing process
 

with such comparisons.
 

Finally, sensitivity tests, which identify which of
 

the model's parameters outcomes are most sensitive to their
 

value changes, can also be conducted to validate the logic
 

and internal consistency of the model.
 

Chapters 10 and 11 briefly discuss the model's data
 

requirements and problems and examine two of the approaches
 

commonly used to deal with these problems. These are tuning
 

the model to track recorded time series and analyzing the
 

model's sensitivity to variations in parameter value.
 



CHAPTER 10
 

DATA USAGE AND MODEL TUNING
 

Data requirements for the model are extensive. Data
 

/
were obtained from a diversity of sources- that included
 

Ministry of Agriculture reports, FAO reports, World Bank
 

reports, FEDEGAN reports, INCORA reports, Caja Agraria
 

reports and statistics, DANE and Central Bank statistics,
 

other published reports and informal guesstimates. Other
 

data used were "synthesized" or "simulated" from various
 

combinations of data. Often costs were one point estimates
 

obtained from published sources that were later converted
 

to base year values by means of indexes reflecting the rate
 

of inflation in prices of farm inputs. Aside from the
 

secondary sources, some informal primary information was
 

obtained from a two-week survey of the Costa made in the
 

summer of 1971. Yet, the data problems encountered were
 

many and ranged from nonexistent information to unreliable
 

and contradictory estimates. In Colombia, as in other
 

developing countries, existing statistics on agricultural
 

production are so deficient and deserve so low a degree of
 

confidence that they create a problem in planning for
 

I/Detailed references are found in Chapters 1 

through 3. 
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agricultural development. A few exceptions include estimates
 

on area harvested and of the production of cotton, coffee,
 

tobacco, bananas for export and sugarcane for sugar pro

duction. In the case of other crops and cattle the estimates
 

are no more than conjectures [4b.
 

However, researchers, planners and policy makers
 

cannot wait for accurate and reliable data to recommend,
 

plan, and make decisions on policies and programs for develop

ment. Models have to be designed on the basis of the best
 

information that is readily available, and techniques may
 

be used not only to improve the quality of data but also to
 

make best use of the data available at the time.
 

The system simulation approach offers three ways of
 

coping with the information problem. Sensitivity tests
 

(discussed in the next two chapters) can reveal the implica

tions of parameter variability both for the validity of
 

the model and for policy formulation. These tests can also
 

provide guidance for determining priorities for data gather

ing activities. Secondly, given coarse probability distri

butions for a set of key parameters, running the model in a
 

Monte Carlo mode can generate directly output statistics
 

reflecting data uncertainties El, Chapter 4]. Finally, the
 

model may be tuned to track a number of recorded reliable
 

time series by adjusting uncertain parameter values. This
 

procedure will be discussed later in this chapter.
 

The entire data input to run the model can be found
 

in various chapters where this information is relevant and
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and in the Appendix. Tables present the numerical values
 

of the parameters and coefficients used to run the model in
 

its deterministic mode, since time constraints precluded
 

use of a stochastic determination of their values.
 

Model Data Requirements
 

Data for the Costa cattle/crops model fall into four
 

general categories: system parameters, technological coef

ficients, initial conditions, and historical time series.
 

The data requirements of the first three categories are
 

extensive and obtained from a diversity of sources includ

ing descriptive information and guesstimates from knowledgeable
 

persons. In this section, we will briefly discuss the first
 

three categories of data and their sources. Historical time
 

series, used in tuning the model, will be discussed in the
 

next section.
 

System Parameters
 

Fundamentally, system parameters reflect the behavioral
 

characteristics of the system being modeled. These parameters
 

and the interconnected basic equations, in fact, define the
 

system. A few examples of the many system parameters of the
 

Costa model are:
 

1. the land modernization and disinvestment pro
fitability response parameters (Eg, E8 in
 
Equation 5.36 and E91, E81 in Equation 5.47);
 

2. the land use response rate parameter (CLl' in
 
Equation 5.21);
 

3. the profitability discount rate (DIR in Equation

1 -,5.31); 
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4. 	the many delays and averaging and ;moothLng lago
 
of the model (e.g., XDEL in Equatlun,; 5.43, DEL1!),

16 and 17 in Equations 5.1);,
 

5. 	 the sales restriction parameters (BMN, BMX, AMX 
and AMN in Equations 6.22); 

6. the farmers' resource use profitability response
 
parameters (C235, C236 in Equation 6.36);
 

7. the income elasticity of expenditure parameters
 
(C261, C263 in Equation 9.12b).
 

There is little or no information on most of the
 

behavioral system parameters and acquisition of this type
 

of data would entail survey research that has never been
 

conducted. The values used in the early stages of building
 

and testing the model were educated and intuitive guess

timates acquired from various secondary sources [e.g.,
 

29, 42, 531, from experiences in other developing countries
 

(mainly experience acquired by the Michigan State University
 

simulation team for Nigeria) and from such primary sources
 

as interviews with Colombian officials and farmers in the
 

Costa. Although values of selected system parameters are
 

shown in Tables III.1 and 111.2, we will take a close look
 

here at the pasture land modernization and reversion transi

tion response thresholds as an example (E9 and E91 in Table
 

III.1). The value of E9 shown (.5) means that the alter

native to traditional grazing must be at least 50 percent
 

more profitable before farmers will transfer the land to
 

modern management. And the value of E91 (.3) means that the
 

profitability of the modern operation must be at most 30
 

percent higher than that of the traditional one before
 

farmers will reverse the modernization .process,. The relative
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TABLE III.1. Profitability Response Parameters for Traditional and
 
Modern Grazing (Dimensionless).
 

Variables
 
(Eon. No.) 	 Present 


(definition) 	 Uses 


E9 	 Traditional Grazing 

(5.36)
 

(response threshold)
 
E91 Modern Grazing 

(5.47)
 

(response threshold)
 

E8 	 Traditional Grazing 

(5.36)
 

(gbverns response rate)
 
E81 Modern Grazing 

(5.47)
 

(governs response rate)
 

DIR 

(5.31)
 

(discount rate)
 

Source: Initial guesstimates and model tuning.
 

Alternative Uses
 

Modern Traditional
 
Grazing Grazing 

.5 -

-- .3 

1.0 	 -

-- 2.0
 

.15 .15
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'I'AIIII 11].P2. Cattlo Productio Ionrarneter,:1. 

Definition
 
(Equation No.) Value
 

MKM Marketing margin .15
 
(7.3) 
C213 Proportion of dead animals 0
 
(6.24) consumed
 

C214 Proportion of fertile cows sold' .6
 
(6.24) for slaughter
 

C215 Proportion of growing females .2
 
(6.24) sold for slaughter
 

C216 Proportion of growing males 0
 
(6.24) sold for slaughter
 

C242 Proportion of heifers treated .05
 
(6.27a) against brucellosis
 

0244 Annual proportion of animals .3
 
(6.28b) privately treated against
 

foot-and-mouth disease
 

Source: [29, 31, 63, 64] and initial guesstimates and
 
model tuning.
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values hypothesize different farmer-attitudes (e.g., risk
 

aversion and uncertainty as discussed fn Chapter 5) toward
 

cattle modernization.
 

Despite the lack of accuracy in parameters such as
 

those highlighted above, they play an important role in the
 

validation of the model. Some of them provide a range of
 

values which may be tested in tuning the model to track
 

historical time series and to improve the model's behavior
 

in comparison to "reality." Some others, as shown by sen

sitivity tests, are not crucial to the model's performance
 

and therefore the results are more sensitive to other elements
 

in the system.
 

Technological Coefficients
 

Technological coefficients are probably the easiest
 

to obtain and handle in the model. The various sources of
 

data include Ministry of Agriculture reports, FAO reports,
 

World Bank reports, INCORA reports, FEDEGAN reports and many
 

other published reports [e.g., 5, 9, 20, 29, 31, 32, 33,
 

42, 43, 57, 58, 60, 61, 66]. The existence of data for these
 

parameters does not mean they are completely reliable. In

stead, more research and field work will be necessary to
 

increase their level of confidence.
 

Some examples of technological coefficients used
 

in the model are:
 

1. crop yields (YLDCL, YLDCU and YLDFC in Equations
 
6.2);
 

2. pasture yields (e.g., CGOU, CGOUI>'CGOLand CGOLU
 
in Equations 6.3);
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3. costs of production (e.g., CSTHCU,, CSTHCL and
 
CSTHFC in Equation 6.29b);
 

4. average carcass weight per slaughtered animal
 
(C281 in Equation 9.23b);
 

5. mean times spent in the cattle production stages
 

(DGROF, DGROM, DPRODF and DPRODM in Equation 6.10a).
 

A
klmost all the technological coefficients remain constant.
 

throughout a simulation run. Some exceptions are costs of
 

production and price of crops that change with domestic
 

inflation, and crop yields. Learning curves for yields are
 

discussed in detail above in component AGPRAC, Equation 6.1.
 

Values of selected technolgoical coefficients are presented
 

in Tables 111.3 and 111.4.
 

Initial Conditions
 

Initial conditions (1960). define initial values of
 

all levels (and.some rates) that must be given before the
 

first cycle of model computations can begin. Since their
 

values change during the course of a run they must be reset
 

at the start of each run. Some of these include:
 

1. land usage (e.g., TLFCO, TLCRL and TLCRU in
 
Equations 5.4, 5.11 and 5.24);
 

2. cattle population in each cohort (PMG, PMP, PFG,
 
PFP and OLDF in Equations 6.11 and 6.12);
 

3. crop prices and price averages (component Price
 

Generation, Chapter 7)
 

4. total demand for beef (TDEM in Equation 6.26c).
 

Some of these variables present no data problems. 

For instance, assuming all cattle population at time zero 

(1960) is traditional, we determine that modern population; 

in,each cohorP'iszpro. But the model is quite sensitive 
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to the initial cattle inventories, as we shall discuss later
 

(Chapter 11), so more complete and accurate cattle population
 

estimates would increase this modelt s accuracy. Values of
 

selected initial conditions are shown in Table 111.5.
 

It must be stressed that the model can be useful
 

for planning economic development, in spite of imprecise
 

parameter estimates, for it is not necessarily the aim of
 

a development model to forecast in absolute terms the values
 

that will be attained by certain variables at a specified
 

time. The aim is to design a strategy of development by
 

experimenting with the model under various assumptions and
 

then by comparing alternatives.
 

Tuning
 

The major components of the Costa model were-programmed,
 

simulated and tested individually as part of the overall model

building process. During this process, conceptual and.pro

gramming errors were detected and corrected, and then the
 

components were integrated into the Costa model. Extensive
 

model tests were performed on the larger model to eliminate
 

programming errors and inconsistencies between related model
 

components, and to examine its correspondence with the real
 

system. Checking the model againstitime series of past
 

behavior and adjusting the values of certain system parameters,
 

adding new mechanisms, or modifying structural relationships
 

is what is known as "tuning" the model. These checks are
 

made before the model is implemented and they suggest which
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TAIUI,3Il . . I I' ,Ur'1r Iflld (Oro'(p Ylv1 do (0ori:i/1 1i-yon:11). 

Pastures (Average TDN YJelds)" (Variable) (Eqn. No.)
 

Uplands
 
Traditional artificial (CGOU) (6.3a) 3.48
 
Traditional native (CGOUl) (6.3b) 1.16
 
Modern artificial (CGUl) (6.3c) 5.0
 
Modern native (CGU2) (6.3d) 1.7
 

Lowlands
 
Traditional artificial (CGOL) (6.3a) 3.8
 
Traditional native (CGOLl) (6.3b) 1.26
 
Modern artificial (CGL1) (6.3c) 5.1
 
Modern native (CGL2) (6.3d) 1.7
 

Land in Transition
 
Transition artificial (CG3) (6.9b) 3.3
 
Transition native (CG4) (6.9b) 1.16
 

Crops
 
Cash crops in lowland (YLDCL) (6.29a) 1.56
 
Cash crops in upland (YLDCU) (6.29a) 1.11
 
Food crops (YLDFC) (6.29a) 8.3
 

*TDN = Total digestible nutrients
 

Sources: [7, 33, 61, 66] and
 

Instituto Colombiano Agropecuario (ICA), Dia de
 
Campo-Pastos y Forrajes--Ganado de Carne.
 
(Monteria, September 12, 1970), 28-58.
 

_ "Algunos Aspectos de la Fertilizacion 
de Pastos." Pastos y Ganados para la Costa 
Atlantica. Boletin Tecnico No. 15 (Bogota, 
1967), 33-42.
 

. El Pasto Puntero. Hoja Divulgativa
 
No. 029. (Bogota, April, 1970), 1-4.
 

___ El Pasto Guinea. Hoja Divulgativa 
No. 029. (Bogota, March, 1971), 1-4. 
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TABLE III.4. Mean Length of Cattle Production Stages (years).
 

Production Cohorts* (Variable)(Eqns. No.) 

Growing females (DGROF) (6.10a) 2.5 
Growing males (DGROM) (6.10a) 2.5 
Producing females (DPRODF) (6.10a) 10.0 
Producing males (DPRODM) (6.10a) 3.0 

*Traditional and modern
 

Sources: [5, 29, 61, 66]
 

TABLE 111.5. Selected Initial Conditions (1960).
 

Cattle Population (thousand head) (Variable)(Eqn. No.)
 

Growing males (PMGT) (6.11) 	 1,174
 
Growing females (PFGT) (6.11) 	 1,183
 
Producing males (PMPT) (6.11) 943
 
Producing females (PFPT) (6.11) 2,h24
 
Old cows (OLDFT) (6.12) 427
 

Land Use (thousand hectares) (Variable)(Eqn. No.)
 

Cash crops in lowlands (TLCRL) (5.11) 	 140.5
 
Cash crops in uplands (TLCRU) (5.24) 	 281.0
 
Food crops (TLFCO) (5.4) 	 101.73
 
Export banana (TLBAN) (5.13) 	 20.0
 
Grazing land in region 1 (TGLSF1) (5.1d) 2,510.36
 
Grazing land in region 2 (TGLL) (5.16) 319.8
 
Grazing land in subregion 1 (TGLUl) (5.26) 1,471.7
 
Grazing land in subregion 2 (TGLU2) (5.18) 1,252.3
 

Sources: 	 [Table 1.2, 8, 15, 16, 29] and initial guesstimates
 
and model tuning.
 

http:2,510.36


,' ill 

parame terti need adju:; tmMrit, (r wht ,j v a liut u i' r latl on 

must be added to the model to Improve Its behavior in com

parison to "reality." 

Despite the deficiency of Colombian -tat l.tics on 

agricultural production, four time seriet (1961-1970) were 

used Initially In tuning the Costa model: Colombian ;upply 

of beef, n'irket pric, -)I* ClnI.led male-i , land In cro'up), and 

cattle po(ula,tlon in the Co,,ta. Since the moderri'.',t j1i 

campaign promotion :;tarte.d ln 11)65, thte tunlnii I p. . In

cluded m:any of th, paranift, : and .1tructura! r, Ittloha,11ps 

used In the modernizatlon declsloni, and the ;iImulated 

Beries reflect, the e f,.ct:, (f ttv.- flr:it f'vt, ytar. of campaign 

implementation. Th(, coflbnatol of tra dltlonal management 

before 1966 and modern mai,ag(.meFnt with Inipruv,ment of arti

ficial gra--;e:; and ).ubstItution of artIifcIC13 1'for INative 

gras-.ien (at I ri;rt vt 2) from that year on wa,8 u 8 ed 1: a 

standard run for, tuning the model. Alternatlve 1 war 

select d lW'I u1,1 It prttrn:: m or' cl -iu ly the modernizat ton 

program currently ca (ti out In tie Co:ita . lo(t", or the 

above simulated :-e(,i .i : lun, witli the LctuaI on(!i aTre (e

picted In Iligurui I111.1 and 111.2. fable Ii.6 dit-playn the 

four tlm, : ,rl ,:e re8It l ng L the Initial coaris.bl'tver tuning. 

Data value3 geonrat.ing thL: fit were ued In the policy 

runs diacuC:;vd In Cipt.r 1,,. 

A.Ithough mathmatl cal meanures of the goodness-of

fit could have been used aun a criterion to measure pant 

behavior characterlatlcvl Cl. 21, 53), at this otage in the
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Figure III.1. 	 Results of "coarse" model tuning--cattle population In the Costa and C61ombian 
beef supply time series against simulated series. Cattle inventories are taken 
at the end of the year. 
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Figure 111.2. 	Results of "coarse" model tuning--market price of finished males and land in
 
crops time series against simulated series.
 



TABLE 111.6. Time Series Tracking.
 

Year 

Colombian Beef Supply 
(thous. animals/yr.) 
DATA SIMULATED 

Cattle Population in the 
Costa (thous. animals) 
DATA SIMULATED 

Land in Crops in the 
Costa (thous. has.) 
DATA SIMULATED 

Price of Finished Males 
(Pesos/animal) 

DATA SIMULATED 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1,965 

2,145 

2,305 

2,418 

2,469 

2,228 

2,205 

2,360 

2,624 

2,820 

1,970 

2,123 

2,292 

2,350 

2,324 

2,156 

2,006 

2,235 

2,485 

2,710 

6,200 

6,400 

6,560 

6,680 

6,800 

6,920 

7,160 

7,480 

7,800 

8,080 

6,235 

6,356 

6,492 

6,656 

6,856 

7,054 

7,181 

7,284 

7,403 

7,555 

533.3 

548.2 

552.5 

n.a. 

619.4 

614.7 

616.7 

589.7 

589.6 

n.a. 

555.1 

565.9 

576.7 

587.7 

599.0 

610.4 

620.6 

622.7 

633.4 

642.4 

1,058 
1,054 

1,117 

1,346 

1,629 

2,089 

2,345 

2,606 

2,599 

2,729 

1,150 

1,236 

1,272 

1,322 

1,459 

1,718 

2,097 

2,425 

2,523 

2,567 

, 

n.a. = not available 

Sources: As indicated on PP. 238-39. 
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'development of the model more emphasis was placed on the
 

general qualitative nature of particular interrelationships
 

in the various model components that, in concert, produce
 

the behavior that interests us in the actual system. Never

theless, a close look at Figures III.1 and 111.2 reveal
 

a closeness between simulated and observed real-world data
 

that increases confidence in use of the model as an experi

mental tool to study the effect of structural and policy
 

changes in the actual system.
 

During the period 1961-1967, the observed prices
 

plotted in Figure 111.2 are the national average of current
 

prices as reported by Garcia Samper [23]. But between 1968
 

and 1970, prices are a weighed average of finished males at
 
1/
 

the Medellin stockyard as reported 
by the Central Bank.
 

Since Medellin prices for live animals are usually higher
 

than in other markets, the average prices of finished males
 

computed in Table 111.6 for the period 1968-1970 are likely
 

This
overestimated in relation to nationwide averages. 


used instead of Medellin
means that if national averages were 


averages for the last three-year period of observations, the
 

match of the recorded and simulated price series in Figure
 

111.2 would have been even closer. Estimates of cattle
 

and
population and beef supply were obtained from DANE 
/ 


I/Banco de la Republica, "Resumen de las Principales
 

Ferias de Ganado en el Pais," Revista del Banco de la
 

Republica, XL-XLIII (1967-1970), Bogota.
 

./Departamento Administrativo Nacional de Estadistica,
 

Pronosticos y Estimaciones Agricolas, (Bogota, 1971), p. 24.
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those of land in crops from Caja Agraria.- Cattle popula

tion in the Costa was assuined to remain at a constant 40
 

percent of Colombian cattle population.
 

Consistency Checks
 

Consistency checks are useful in evaluating the
 

basic equations used to simulate real world behavior and to
 

test the value of their associated parameters. Changes in
 

parameter values and functional relationships may result
 

after comparing the model's data with reliable data given
 

by others. The demographic model with input data from
 

of the
alternative 2 was used to make comparisons with some 


productivity relationships given by the CIAT survey [9].
 

These relationships include average grazing rate, average
 

daily per hectare milk production and average cows per
 

the results of these checks
hectare. As Table 111.7 shows, 


on the basis of data from actual records,
indicate that, 


the model's program is performing reasonably well in re

producing real world situations. In the following develop

ment of internal consistency checks, these definitions are
 

used. 

TOPOPR - total cattle population in the 
Costa (animals) 

TGLR - total grazing land in the Costa 
(hectares) 

1/CaJa de Credito Agrarlo, "Calculos de Produccion
 
Agricola de 1958 a 1963," Carta Agraria, Anexo 

al No. 144
 
(Sept. 19610, Bogota, I-IV.
 

Idem, "_Estimativon Sobre Areas Cultivadas y
 

Produccion Obtcnida Para !,on Pr'nclpale.; Cultivos, 1965

1969," Carta Agrarla, No. 21111 (Nov. 1970), 5-114.
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TABLE 111.7. Results of Consistency Checks.
 

Productivity Model CIAT
 
Index (1970) (1971)
 

Cattle head/ha. 1.46 
 1.45
 

Cows/ha. .59 .56
 

Lts. milk/ha.-day .6 .93
 

PFCT, PFCM - total traditional and modern cow
 
population (producing and old
 
females), respectively (animals)
 

QMCT, QMCM = total traditional and modern
 
quantity of milk produced,
 
respectively (liters/cow-day)
 

FERT, FERM - total number of traditional and
 
modern fertile cows, respectively
 
(animals)
 

PFLACT, PFLACM - proportion of traditional and 
modern lactating cows, respectively 

CT202, CM202 - proportion of traditional and
 
modern lactatlng cows which are
 
milked, respectively.
 

The following equations define some of the pro

dictivity indices tested:
 

Cattle head/ha. TOPOPR(t)

TGLR (t)
 

+ PFCM(t)
Cows/ha. = PFCT(t)

TGLR(t)
 

Lts. milk/ha.-day - PFCT(t)P(QMCT(t) - QMCM(t)) + 
cPFCT(t) + PFCM(t) 

(FERT(t)*PFLACT(t)*CT202 + FERM(t)*PFLACM(t)aCM202)

QMCM(t) )V TGLR(t)
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General Validation
 

Although the Costa model has been designed to
 

experiment with four alternatives to traditional cattle
 

management (see Chapter 4), manpower and time constraints
 

required this policy experimentation be limited to one
 

alternative. Briefly, alternative 1 considers the improve

ment of native and artificial grasses; alternative 2 con

siders the improvement of artificial grasses and the sub

stitution of artificial for native grasses; alternatives
 

3 and 4 add the production of forages and silage to the
 

improvement of range lands in alternatives 1 and 2, respec

tively. While alternatives 3 and 4 presented the problem
 

of predicting the consequences of practices never done in
 

the past, and alternative 1 implied little improvement
 

over traditional practices, alternative 2 showed the ability
 

to reproduce a pattern similar to the actual system. This
 

ability was demonstrated during the process of tuning the
 

model discussed earlier. It was fortunate that a moderni

zation program was in effect in the region during the last
 

five years of the period used to tune the model. This
 

circumstance allowed evaluation of the reasonableness of
 

the data and functional relationships employed in building
 

the model, and increased confidence in alternative 2 as a
 

predictor of the value of the real system over the future
 

and as the "standard" or "base" run for policy experimentation.
 

Nevertheless, as part of the general validation of 

the model, the four alternatives were tested and compared 

under tile :*am, uizid rlylnj. ,.oricru a.ioump Liunt dezaurt ed iil 
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Chapter 12 for the base run. As a first approximation, most
 

of the system parameters and technological coefficients
 

used in testing alternatives 1, 3, and 4 were the same
 

adopted for alternative 2. However, new auxiliary equa

tions and technological coefficients were introduced, and
 

some system parameters changed as required by the nature of
 

a particular alternative. While it is true that no strict
 

statistical or econometric methods of verification and valida

tion were used, less rigorous objectivity tests were applied
 

repeatedly in assembling data, modifying and developing model
 

components, combining smaller into larger model components
 

and in evaluating model output. The objectivity of concepts
 

or empirical theories requires that they be:
 

1. consistent with observed and recorded experience,
 

2. internally and logically consistent,
 

3. interpersonally transmissable, and
 

4. workable when used to solve problems.
 

Table 111.8 summarizes the output of selected
 

variables at the end of 25 years of simulation time. The
 

results of this test suggested that more experimentation
 

was necessary in order to better fit the behavior of the
 

real system. This was especially true of all behavioral
 

parameters and more specifically of those that control the
 

modernization decisions in Equation 5.36.
 

As Table 111.8 shows, no modernization takes place
 

(TMPL = 0) when alternative 1 is considered as a means of
 

improving cattle production. This result indicates that,
 



TABLE 111.8. Selected Results of Alternatives to Traditional Cattle Production-l9
85. 
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3,860 

3,1404 
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18.8 

19.96 

25.142 

24.34 



given the model assumptions, the expected profitability
 

of this alternative over the planning horizon does not
 

produce the necessary incentive to induce farmers to change
 

their traditional practices. We must remember that in the
 

decision mechanism set in the model (Equation 5.36) moderni

zation does not begin unless the perceived relative profita

bility (PDR) of the modern operation is larger than the value
 

of the threshold parameter (E9). This and the response rate
 

parameter (E8) are used to simulate farmers' attitudes toward
 

the new methods of production, and as stated earlier, they
 

have been assigned the same values as in alternative 2. But
 

the minimum risk involved in alternative 1 suggests that
 

farmers might react differently than they do when facing the
 

more risky alternative 2. This consideration does point out
 

the need of experimenting with other parameter values in the
 

transition response function of alternative 1.
 

In alternatives 3 and 4 the transition response is
 

the greatest as shown by the total modern pasture land (TMPL)
 

and the cattle population (TOPOPR). However, these alter

natives involve the greatest risk since they include the
 

use of silage during the dry season which is a practice
 

unknown in the region except for some experimental trials.
 

In addition, they require the planting of large areas in
 

forages that, in the case of alternative 3, almost equal
 

that of cash crops. This implies a great effort on the
 

part of both farmers and agencies supplying services-

particularly in a region where cropping has not been the
 

leading agricultural activity.
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The effect of a too rapid rate of modernization
 

in alternatives 3 and 4 is shown by the declining and lower
 

value of the accumulated income from cattle (FARILA). As
 

a matter of fact, income from the modern operation becomes
 

negative in some years as a result of lower animal prices
 

arising from larger supplies, increased operating costs from
 

producing silage and larger expenditures on land improvement.
 

The preceding discussion suggests that the simulated deci

sions of farmers in alternatives 3 and 4 have to be adjusted
 

to a rational behavior more attuned with their profit and
 

cash flow positions, and market situations.
 

Tuning the standard run to track four time series
 

was a necessary but insufficient condition to validate the
 

model. Confidence is confirmed by the correspondence of
 

total model behavior to that of the actual system. And this
 

is accomplished in a process of intuitive, theoretical, and
 

empirical consistency analyses. This general process of
 

model validation is very judgmental and should be viewed
 

as an iterative and ongoing process of the model's develop

ment and application. Although different validation tech

niques have been applied to complex general systems simula

tion and econometric models used for decision making, the
 

quest for better model evaluation methods continues among
 

researchers. Detailed discussions of the methodological
 

and philosophic issues involved in the process of validat

ing and verifying complex models are found in Rossmiller, 

et al. [62], Jomlion and Zut'by [119], Fromm [22] and Shapiro [65). 





CHAPTER 11
 

RESULTS OF SENSITIVITY ANALYSIS
 

The primary purpose of sensitivity tests is to
 

indicate those areas of the model in which changes in parameter
 

values or formulations have a significant impact on model re

sults. Such information is useful, not only for model tuning
 

and validation, but also for policy making and as a guide to
 

data collection priorities. Sensitivity tests on an individual
 

or combination of parameters are essential in model develop

ment since they enable us to check the internal consistency
 

of the model against the theoretical and empirical knowledge
 

we have on the real system. Additionally, they indicate those
 

portions of the model which deserve the greatest additional
 

research. Time and money can be saved by not studying parame

ters that have little or no effect on the results. Thus, the
 

efficiency of both research and the decision-making process
 

are improved. The preceding uses of sensitivity analysis
 

have been explained in detail and exemplified by Abkin El,
 

Chapter 9]. An analysis of the results of a series of sensi

tivity runs of th.) Costa model is presented in the following
 

section.
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Analysls of Results 

Methodolog y 

The series of 17 sensitivity runs conducted with
 

the Costa model investigate the effects of varying 45
 

selected coefficients. These 45 parameters are broken down
 

into: (a) 12 production coefficients; (b) 12 land alloca

tion coefficients; (c) 11 price and cost coefficients; and
 

(d) 10 time lag or smoothing parameters. The production
 

coefficients include proportion of cows milked, initial
 

proportion of land in artificial pasture, initial cattle
 

population, rate of transfer of animals from traditional to
 

modern management, illegal cattle exports, and crop yields.
 

Land allocation coefficients include initial land in the
 

three agricultural regions, profitability response parame

ters of traditional cattle, internal transfer of capital
 

from crop to cattle production, and consumption expendi

tures. Price and cost coefficients include price of crops
 

and milk, cattle marketing margin, rate of inflation of farm
 

inputs, and operating costs of crops and cattle. And finally,
 

time lag or smoothing parameters include average lengths of
 

time for averaging output, price and cost of crops, and
 

cattle. Some of these parameters were tested individually
 

while others were tested in combination in the same run;
 

eaci, run simulates agricultural production in the Costa
 

over a 25-year period, 1960-1985.
 

A strict test of parameter sensitivity would require
 

that all parameters be varied in ;he same way, e.g., plus
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20 percent. The results could then be compared on the
 

basis of a given deviation. This procedure would contribute
 

nothing, however, to understanding the nature or overcoming
 

the problem of the uncertainty arising from varying degrees
 

of confidence in parameter values. If we increase a parame

ter value by 20 percent, we obtain a score value which may
 

be either less than one standard deviation from the mean
 

and have a small variance, or greater than one standard
 

deviation and have a large variance. The resulting devia

tions in the output variables would be quite different in
 

the two cases. Therefore, in statistical terms it would be
 

meaningless to compare the relative consequences of 20 per

cent variations in each of two parameters whose means may
 

be varied so differently.
 

The general rule followed, therefore, in defining
 

the sensitivity runs described here was to vary each parame

ter by an amount which I felt covered most of its variability
 

--two standard deviations. In the absence of informed
 

judgments or other estimates of relevant distributions, the
 

variations used were guesstimates on my part. They certainly
 

do not imply the degree of precision suggested by the term
 

"two standard deviations," but do reflect the relative width
 

of subjective confidence intervals. But when estimates were
 

available from several sources (for example CPLPT and MKM)
 

their reported values were entered in the sensitivity runs.
 

In this case sensitivity tests are helpful in establishing
 

the confidence that can be placed on different sources of
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information by checking the consistency of the output
 

generated by a given estimate against the knowledge we
 

have on the real :;yntem. Where possible, similar parameters
 

were varied by similar amounts. For example, the cattle
 

population cohorts were each decreased 25 percent, the lag
 

parameters were each decreased 40 percent, and the initial
 

land parameters were decreased by 10 percent each.
 

Output criteria, parameter deviations and results
 

are tabulated in Table 111.9. The output criteria include
 

farm income from cattle (FARILA), farm income from crops
 

(FARMICA) and government revenues from cattle (GOVREVA)
 

accumulated over the 25-year simulation. In addition,
 

effects of parameter variations are shown for cattle popula

tion in the Costa (TOPOPR), capitalized value of pasture
 

land (VLAND), value of capital on cattle (VALCAP), and
 

Colombian beef per capita consumption (PERCAP).
 

The discussion of results has been limited to the
 

major explanations of the more appreciable output devia

tions. The test of some production parameters from Runs
 

2 through 5 indicates that the initial proportion of graz

ing land in artificial pasture is quite important in deter

mining the performance of the model. Results of Run 3
 

are the same as those of traditional management under "worst"
 

nutrition conditions.i/ This means that farmers are not
 

motivated to adopt the new production methods. The higher
 

1 /"Worst" and "best" nutrition conditions as used
 
in this analysis are related to the initial proportion of
 
land in artificial pastures.
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cost of planting a larger area in artificial grasses lessens
 

the relative profitability differential of improved over
 

traditional cattle production to a value that is below the
 

minimum set in the model before farmers begin modernization
 

(the threshold parameter of Equation 5.36). Although by
 

1975 this relative profitability differential is greater than
 

.5, the absence of promotional activity from that year on
 

precludes the adoption of improved management practices
 

(see Equation 5.37). This seems to be an unrealistic behavior
 

of the model that may require further consideration since this
 

implies that ten years of campaign promotion do not produce
 

any traceable effect in the region, or that farmers are un

able to take advantage of profit opportunities by themselves.
 

Increasing the proportion of cows milked (Run 2) Iwcreases
 

cattle income but decreases the relative profi'uility dif

ferential of improved over traditional cattle production.
 

Although this slows the adoption of improved management
 

practices, the impact on the output variables is not sig

nificant. While controlling the rate of animal transfer
 

from traditional to modern has no major effect on most of
 

the output variables (Run 4), the volume of illegal exports
 

has an important effect on the performance of the model
 

(Run 5). In general, given the moderately inelastic price
 

elasticity of demand for beef (-0.7), changes in domestic
 

supply have an impact on prices which, in turn, significantly
 

affect the overall performance of the model. This effect 

will be discutised in more detail in the next chapter as part 

oP tie policy expcr morits. 
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Runs 6-11 test the sensitivity of a number of land
 

allocation coefficients. Of the land allocation coefficients
 

the profitability response parameters are the most sensitive
 

(Runs 6-8), particularly the adoption response threshold
 

parameter (E9 in Run 7). Although in Run 7 the relative
 

profitability differential of improved over traditional cattle
 

production is greater than one after 1975, its output is the
 

same as that of traditional management under "best" nutri

tional conditions. This performance experiences the same
 

unrealistic behavior of Run 3 that was discussed earlier.
 

The parameter controlling the response rate (E8) and the dis

count rate appear to be somewhat sensitive (Runs 6 and 8).
 

A look at Figure II.1 in Chapter 5 will explain why increases
 

in E9 have greater consequences on model output than de

creases in E8. Since traditional and modern cattle profit

abilities are not too far apart, the modern alternative is
 

not too far out on the PDR axis, so the response is nearly
 

at its asymptotic minimum. Increases in the threshold, i.e.,
 

shifting the curve to the right, has greater consequences
 

than flattening the whole curve by decreasing the response
 

rate. This is a fortunate circumstance since it is easier
 

to determine the threshold than the response rate.
 

The parameters tested in the last three runs of this
 

group (Runs 9-11) affect the transition response of grass

lands by changing the cash flow position of farmers and
 

their balances available for investment. Decreasing total
 

cash balances in the cattle subsector by decreasing the
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Internal transfer of capital is of little consequence on
 

the output of the criteria variables (Run 9). Decreasing
 

consumption or living expenditures as in Run 11 leaves more
 

capital for investment in the early years of the simulation,
 

but its effect on the output of the model is nil.- / Since
 

the modernization decisions are dominated by the profita

bility response and adoption rate parameters, an increased
 

availability of capital for investment at the beginning of
 

modernization does not have any effect on the model's
 

performance. Later in the simulation period the consump

tion expenditures of the Base Run and Run 11 are equal as
 

the coefficient determining the proportion of gross income
 

that is consumed (C261 in Equation 9.12b) reaches its lower
 

bound of .25 in both runs. Although the consequences of
 

decreasing the lower limit to the proportion of income from
 

cattle that is consumed (Run 10) is more conspicuous than
 

changing the rate of response, its effect on the output of
 

the criteria variables is not significant.
 

Despite the apparently low sensitivity of model
 

output to changes in the consumption or living expenditures
 

variable (EXLIV), this is an area that requires more care

ful consideration and refinement because of its welfare
 

effects and its importance in making decisions at the farm
 

level.
 

./Since the exponential curve of Equation 9.12b is
 

negatively sloped, any increase in C263 is reflected in a
 
decrease in the variable ALPH2.
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20 percent of the rice is grown in the uplands and average
 

prices and yields have to be adjusted accordingly. Although
 

income from crops is increased, this effect is of little con

sequence in the model.
 

The time lag constants tested in Run 16 appear to
 

be quite sensitive. These parameters are used in the model
 

in the exponential smoothing or averaging of prices, costs,
 

and yields on which farmers base their expectations of
 

future income streams. Reducing these time delays makes
 

farmers respond more quickly to changing economic conditions
 

and their decisions are then reflected in the model's out

put. Determining the length of smoothing time constants
 

appears to be of utmost importance for plausible model
 

behavior. In some instances during the validation and policy
 

experiments we have been confronted with the paradox of
 

farmers perceiving profitable conditions for moderniza

tion even when they are actually experiencing losses in the
 

modern operation. This apparent noneconomic behavior points
 

out the need for refining some formulations in the model in
 

order to determine a more consistent response to situations
 

of rising and declining profits. Changes in profits may
 

lead to reorganization of the cattle enterprise by moving to
 

different production functions.
 

The initial cattle and land parameters tested in
 

Runs 17 and 18 appear to be quite sensitive. As might be
 

expected, reducing the land base has a drastic effect on
 

the animal population that can be supported in the region.
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These results suggest the usefulness, for the purposes of
 

this model, of obtaining accurate cattle inventories and
 

land surveys.
 

Summary
 

In closing this chL,.er we can summarize some general
 

observations and conclusions. Income from crops remains
 

fairly stable throughout all runs with the notable exceptions
 

of Runs 14 and 15. The major source of variation in Run 14
 

arises from changes in the relative profitability differential
 

between cash crop and cattle production in the uplands (sub

region 1). "hrough the land allocation mechanism of Equation
 

5.21 these changes have consequences on the total land in
 

crops and consequently on their aggregated income. The
 

policy implications of this effect will be discussed in the
 

next chapter.
 

Cattle population in the region (TOPOPR) is, as ex

pected, greatly influenced by the nutritional base. Nutri

tional conditions are affected, among other things, by the
 

initial allocation of artificial pasture to grasslands and
 

by the rate at which land modernization takes place, if
 

any. The scnsitivity tests suggest that the estimate of
 

20 percent of grasslands in artificial pastures provided by
 

DANE in 1968- / is biased downward, and that the FAO / estimate
 

!/DANE, Encuesta Agropecuaria Nacional 1968, (Bogota,
 
April 1970), p. 6.
 

/United Nations, 
Food and Agriculture Organization,
 
Livestock in Latin America: Status, Problems and Prospects-

Colombia, 1962, p. 114.
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is more consistent with cattle censuses. A comparison of
 

DANE estimates on-cattle numbers from Table 111.6 on
 

page 237 with the output of Run 3 indicates that the latter
 

is 12 and 22 percent lower than DANE's for 1965 and 1970,
 

respectively, while deviations of the base run which uses
 

the FAO estimate (45 percent) from DANE's data are +.08
 

and -6.percent, respectively. Herd size greatly influences
 

off-take and market prices which, through interactive effects
 

in the model, determine farm income from cattle (FARILA),
 

,government revenufp .(GOVREVA), value of land (VLAND),
 

val.,t, of capital in cattle (VALCAP), and Colombian beef
 

consumption per capita (PERCAP). Feedback effects of price
 

chan~es caused by variations in supply and demand, and/or
 

by changes in marketing margins determine farmers' decisions
 

on 'arm managem'C&it and investments which, in turn, affect
 

cattaenuibers. When domestic beef supply is increased in
 

Run 5 by reducing illegal exports 50 percent, all long
 

run performance variables depending on cattle decrease;
 

after short run price declines, consumers become worse off
 

as the lower price curtails cattle population and output and
 

raises price.
 

Changes in costs of production as shown in Run 14
 

have a maJor impact on farmers' income, their capability
 

to carry on land improvements, and their attitudes toward
 

modernization that must be taken into account when deciding
 

on policies to improve cattle production. Subjective expecta

tions of farmers toward future prices, costs, and yields also
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have an important role in determining model output as shown
 

in Run 16. In general, the capitalized value of land (VLAND)
 

seems to be more sensitive than the other performance variables
 

to changes in parameters value. This is, in part, explained
 

by the response of VLAND to changes in annual income during
 

the base year and not to its accumulated value. Accumulated
 

income smoothes the annual oscillations of revenues from
 

cattle and does not help in showing the cash flow position
 

of farmers that affect their decisions on a yearly basis.
 

The preceding results show that the accuracy of the
 

model will greatly be increased by improving the estimates
 

on number of cows milked, proportion of land in artificial
 

pastures, the marketing margin of animal sales, initial
 

cattle inventories, land surveys, cattle traded at the
 

border, and behavioral responses of farmers. In this chapter
 

we have seen how sensitivity tests provide essential informa

tion for model building and validation by pointing out
 

possible programming and modeling errors and by contri

buting to a better understanding of the model itself as
 

well as of the system it is simulating. Sensitivity
 

analyses may also be used to examine potential policies
 

and to suggest priorities for data collection. The detailed
 

analyses of the runs testing 45 selected parameters pre-.
 

sented here illustrate these capabilities.
 



PART IV
 

MODEL APPLICATION IN DECISION MAKING
 

Introduction
 

The problems of planning for economic development
 

are characterized by the uncertainty necessarily inherent
 

in any process of planning for the future. This uncertainty
 

arises both from the quantity and quality of available data
 

and from the difficulties of forecasting how a large-scale
 

system of complex interactive and feedback relationships
 

will respond to policy inputs. With this in mind, the
 

model developed in this dissertation, though restricted
 

to a region and a subsector of the Colombian agricultural
 

economy, sets up a workable and reliable alternative for
 

dealing with these problems. The system approach used
 

here, by modeling specific causal and structural relation

ships and by projecting time paths of behavior, provides
 

at least some of the flexibility necessary to deal with
 

the complexity and uncertainty of planning.
 

Chapter 12, in reporting and analyzing the results
 

of a series of policy runs, illustrates how the model
 

could be used in actual planning situations. Chapter 13
 

concludes the dissertation with a summary of results and a
 

discussion of needed improvements and extensions of the
 

current model.
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CHAPTER 12
 

POLICY EXPERIMENTS ON THE NORTHERN
 

COLOMBIA BEEF INDUSTRY
 

A system simulation model can be useful to policy
 

makers in two principal ways: improving their understand

ing of the socioeconomic system they are concerned with,
 

and formulating development policies. The model-building
 

process and sensitivity tests, discussed in Chapter 11,
 

can contribute substantially to an improved understanding
 

of and sharpened intuitions regarding the development pro

the particular socioeconomic
cess, in general, as well as 


system of concern.
 

The goals of development are part of a country's
 

political process and, once established, policies must be
 

defined for their attainment. Thus, the definition of
 

an important input to the policy-making
policies is 


process represented by the system simulation model. The
 

computerized simulation model allows experimentation with
 

alternative strategies of development under various assump

tions, and then comparison of their likely outcomes. A
 

set of plans or strategies are considered acceptable only
 

if they are relatively effective in reaching the multiple
 

goals under a wide variety of circumstances. During this
 

planning exercise and through the interaction between
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policy makers and researchers, goals may be set to more
 

attainable levels or redeflned toward the aatisfactIon of 

more urgent needs indicated by the simulation results. 

This chapter discusses a set of cattle development policies 

and presents an analysis of the results ofa series of
 

deterministic policy,runs.
 

PolicyExperimentation
 

The policies selected for this analysis are either,,
 

-,current]y in use or their implementation is being considered
 

by the;,Colombian government as a means of attaining a
 

,diversity-of objectives which are, more often than not,
 

competitive.I/ Examples of these objectives are: creation
 

-,of<incentives to increase production, measures to capture
 

a larger surplus from cattle producers, cattle export
 

incentives to increase foreign exchange earnings, and
 

improved human nutrition through increased supplies. The
 

policies testedinclude:. disease control, taxes on land
 

and cattle, creditfor development, price and export
 

targets, crops modernization ., and cattle export incentives.
 

With few exceptions, these issues have been unresolved
 

controversial issues between the government and interested
 

groups.
 

I/The analysis was made following very limited
 

interaction with Colombian policy makers, though official
 

policies were known through several published sources.
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Although this dissertation is concerned with the
 

Costa region, some of the policies tested have national
 

implications since their implementation would not be
 

restricted to'this region. Furthermore, cattle production
 

in the Costa weighs heavily in Colombian cattle output;
 

therefore, any policy affecting production in this region
 

will have an effect on the national cattle economy.
 

Run Definitions and Organization
 

Policy experiments were conducted with 21 simulation
 

runs which cover the time period 1960-1985 (Table IV.l).
 

The results analyzed here are for the period 1965-1985,
 

with campaign promotion initiated in 1965 and policy
 

implementation beginning in 1966 for cattle modernization,
 

and in 1971 for disease control. There are two main
 

reasons for including the period 1965-1973 in the policy
 

analysis. First, this period, which is a part of the
 

modelts historical validation, includes the execution of
 

both a cattle development plan as well as a disease control
 

program. Second, we wanted to try a retrospective pre

diction of the likely consequences of starting tha develop

ment plan in 1966 under a set of policies different from
 

those prevailing at the time. Prospective predictions
 

(forecasting) are considered after 1973 and projections
 

are carried as Tar as 1985 to give the long-run diffusion
 

response to the pr6duction campaign time to exert its

major impact.
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TABLE,IV,.1. Policyo-Simulatipn,Runs.,
 

Run Run-

No. S.ets. Run Definition
 

1 al- Standard Run--disease control; modernization of
 
cattle production; normal land and cattle taxes;
 
current credit terms; current export subsidy and
 
fluctuating exchange rate; low export target and
 
high world price; no modernization of crops or
 
rest of national herd.
 

2 1 	No disease control campaign for the traditional
 
herd.
 

3 1 	Increased government expenditures in foot-and-mouth
 
disease control by.25 percent from year 1971.
 

4 2' 	Taxes on cattle cutoff at years 1970 and 1972.
 

5 2 	Property tax increased at year 1970.
 

6 3 	Reduced interest rate on development credits from
 
year 1966.
 

7 3 	Increased terms of repayment on development
 
credits from year 1966.
 

8 3 Increased funding for development credit from
 
1966-1976.
 

9 3 Increased units of modernization promotion from
 
1965-1973.
 

10 4 	Cattle exports set at intermediate target from
 
year 1974.
 

11 4 	Cattle exports set at high target from year 1974.
 

12 4,7 	Run 11 with fixed exchange rate at Ps 25 and low
 
world e, plus modernization of rest of national
 
herd from year 1975.
 

13 5 	Moder , Ion of cash and food crops from 1972
1976.
 

14 6 	Combines Run 4, Run 6 and Run 7.
 

15 6 	Combines Run 8 and Run 9.
 

16 6 	Combines Run 14 and Run 15 plus growth of rest of
 
national herd at 5 percent from year 1975 and high
 
export target.
 

17 7 	Run 11 with low world price after year 1974.
 

,18 7 Run 11 with moderate world price after year 1974.
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TABLE'IV.I. (continued),
 

Run Run
 
No. Sets Run Definition
 

19 7 Run 17 with export subsidy cutoff at year 1975. 

20 7 Run 17 with fixed exchange rate at Ps 25. 

21 7 Run 17 with export subsidy cutoff at year 1975 
plus modernization of rest of national herd from 
year 1975. 
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With simulation, 'itis possible to increase the
 

complexity of the combination of policies tested and at
 

the same time keep the output format flexible enough to
 

permit analysis of aggregated macroeconomic variables or
 

the investigation of responses at a more micro level.
 

Experiments can start with runs to evaluate single policies
 

or programs (e.g., cutting off taxes on cattle) and then
 

other policies and programs (e.g., reduced interest rate
 

and increased terms of repayment) can be added succesively
 

to investigate interactive effects. The 21 policy runs
 

are organized to take advantage of these capabilities
 

and they are grouped into seven sets (Table IV.l). All
 

seven sets include Run 1, the base run, as a standard
 

point of reference. The base run projects likely performance
 

of alternative 2 under current policies and assumes that
 

the non-Costa cattle population grows at 2.85 percent
 

annually.
 

The output measures selected for these experiments
 

provide information about relevant parameters at both the
 

macro-and micro-economic levels. Annual variations in
 

private and government revenues, capital formation and
 

beef consumption resulting from the implementation of dif

ferent policies can be examined in each set of runs. But
 

the more simple evaluations of run sets 1 and 7 each use
 

only the criteria variables (described below) considered
 

most relevant for this analysis.
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The performance variables of Runs 4 through 16
 

(sets 2, 3 and 4) include cattle population in the Costa
 

(TOPOPR), Colombian beef consumption per capita (PERCAP),
 

annual farm income from cattle (FARIL), average per
 

hectare capitalized value of land (VLANDH), and annual
 

government revenues from cattle (GOVREV). In this analysis,
 

annual value of revenues and per unit value of land were
 

considered more meaningful than the accumulated and more
 

aggregated values used in the sensitivity tests. Runs 2
 

and 3 (set 1) use as performance variables cattle popula

tion in the Costa (TOPOPR) and extraction ratio from the
 

Costa herd (ERR). Finally, runs 17 through 21 (set 7)
 

use as performance variables domestic market price of
 

finished males (PA) and export margin (EXMAR). The
 

performance variables used in the sensitivity tests and
 

the policy experiments are those considered most useful
 

in the analysis of results in this dissertation, but they
 

are only a small sample of the many output variables
 

actually produced or that can be produced in the model.
 

The following sections analyze and graphically depict
 

the results of the 21 policy experiments.
 

Policies Related to Disease Control
 

Disease control, particularly for foot-and-mouth
 

disease, have a major impact on the good health of cattle
 

and the corresponding size and productivity of the Costa
 

beef industry. In the first set of run,, Run 1 shows the
 

results of a foot-and-mouth control program budgeted for
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,Ps 224-million over the,.period 1971-1985 (an annual
 

treatment~cost of Ps 4.50/animal is assumed). 'Run 2
 

explores the effect of maintaihing precampaign disease
 

control practices in the traditional herd. Run 3
 

investigates the results of increasing government
 

expenditures on foot-and-mouth control by 25 percent up
 

to Ps.280 million over the period 1971-1985. Although
 

control of foot-and-mouth disease is highlighted here,
 

improved practices include control of brucellosis as
 

well as other diseases (black leg, anthrax and septicemia)
 

and parasites.
 

The effect of upgrading disease control in the
 

traditional herd (Run 1) is to increase cattle population
 

and sales faster than under traditional control practices
 

(Run 2).. This effect is reflected in the different time
 

path projections of Runs 1 and 2 as illustrated in
 

Figures IV.I and IV.2. But this is a short-term effect;
 

if~modernization proceeds steadily in the long run, output
 

from Run 2 will approach that of Run 1 since the modern
 

herd, treated with improved control practices, increases
 

both absolutely and relatively. But this is not to say
 

there should not be a disease control program. The
 

advantages of starting this program early are many. On
 

one account, eradicating brucellosis will increase not
 

only the output of calves and milk in the traditional
 

herd but in the modern herd as well since more females
 

free from the disease are transferred to the latter; '
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Run Definitions
 

1. Disease control, modernization of cattle
 
production and continuation of present trends
 
and policies (base run).
 

2. No disease control campaign in the traditional
 
herd.
 

3. Increased government expenditures in foot-and
11- mouth control by 25 percent from year 1971.
 

10-


Runn 2 

0 

E.H 

PL 7 Ruun 1,,S8 
0 

7 

Fiur Il Catl pouaini2teCsawt
 

and without a disease control program,
 
1965-1985.
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Run Definitions
 

1. Disease control, modernization of cattle pro
duction and continuation of present trends and
 
policies (base run).
 

2. No disease 	control in the traditional herd.
 
3. Increased government expenditures in foot-and

mouth control by 25 percent from year 1971.
 

. 25. 

o 
% 	 .Runs 1, 3 

0 

o 

' 1 5 

1965 1970 1975 1980 1985
 

Figure IV.2. 	 Extraction ratio from the Costa cattle
 
herd with and without a disease control
 
program, 1965-1985.
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In-addition,' the 'control of fbot-and-mouth disease in the
 

whole herd will have the double advantage of increasing
 

cattle ..- anumbers and outt easing sanitary barriers
 

against Colombian be'e,.o Zorts in world markets.
 

Yet increasing government expenditures, on foot

and-mouth control by 2 percent have a negligible impact
 

on cattle population and sales as shown by Runs 1 and 3.
 

Run 3 (with increased expeV4it les) showp a faster in

crease in population earlylln the campaign, but after
 

197 (%his',unassumes t.1 same trend as 'Run 1 although
 

populatio 6evels are 'slightly'Migher. 

linreased government expenditures have the initial
 

effect of accelerating the annual rate at which animals
 

in the' traditional herd are treated, but this slows down
 

and almost equals that of Run 1 after the first five years
 

of the campaign. Thus, its long-run effect on the tradi

tional herd is small, and increases in population depend
 

more on the rate at which grasslands are modernized and
 

animals are transferred accordingly.
 

The projected cattle population is slightly higher
 

in Run 3 because of differences in the long-term moderni

zation responses of farmers which result from the varying
 

expectations about future income streams. Such expecta

tions are higher in Run 3 than in Run 1 throughout the
 

planning horizon. This results in a higher rate of land
 

modernization in Run 3 than in Run 1 which, in turn,
 

affects the size of the modern herd.
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Policies Related to Cattle and Land Taxes
 

Taxes on cattle and land are investigated in the
 

Since the cattle sector
second.set of runs, Runs 4 and 5. 


is considered hard to tax, with its contributions to
 

governmental revenues greatly out of proportion to the
 

sector's importance, a special scheme has been devised for
 

the purpose of taxing the industry more effectively. These
 

taxes (described in detail in Chapter 2) include a con
 

sumption tax, a selective inventory tax, and a general
 

inventory tax. Although Law 26 of 1959 enacted the
 

general inventory tax until 1970, Law 42 of 1971 made
 

it effective through 1980. Run 1 assumes that further
 

extensions will take place and this will continue in
 

effect through the period of the simulation. Run 4
 

examines the effect of cutting off the general inventory
 

tax in 1970 and the remaining special 
taxes after 1972.-

/
 

Run 5 compares the consequences of increasing the
 

land or property tax from the current level of 4.2 mills
 

to 14.2 mills. The property tax is the main source of
 

municipal revenues, and it has remained at 4.2 mills
 

since 1948. Although in recent years there has been a
 

large number of proposals and laws to utilize tne
 

property tax, both as a measure to increase government
 

I/The 1972 proposed legislation on presumptive
 
taxation of agriculture intends to alleviate the tax
 

burden of ranchers by eliminating the selective inventory
 
tax.
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revenues as well as to encourage improved land utilization, they
 

were either never implemented or never put into effect [30].
 

In 1968, when the Musgrave Mission [li] presented its proposal
 

for tax reform, the Colombian government again considered a
 

change in the structure of the property tax, and in 1969 a
 

surcharge of 10 mills (1 percent of the assessed value of
 

land) was proposed for the purpose of financing public educa

tion. 1-/ Although this tax surcharge has not yet been levied
 

on landowners, Run 5 attempts to evaluate the likely con

sequences of an early implementation by assuming that its
 

collection started in 1970, one year after legislation was
 

proposed.
 

Run 4 (cutting off special cattle taxes) results in
 

vales of all five performance variables below those of Runs
 

1 and 5. Cattle population, government revenue and per capita
 

consumption in Run 4 remain below the other two runs for the
 

period 1975-1985.
 

Maintaining the special cattle taxes in Run 5 while
 

increasing by 3 .4 times the tax rate on the assessed value of
 

land results in a 29 percent increase in government revenue
 

over the base run by 1985. But when the land tax remains
 

at its current rate of 4.2 mills in Run 4 while the special
 

cattle taxes are cut off after 1970, government revenue
 

falls 80 percent below the base run in 1985 (Figure IV.7).
 

l/Rodrigo Llorente, El Desafio de un Pueblo en
 
Desarrollo, (Bogota: Editorial Andes, 1972), p. 273
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Although the tax revenues examined here need to be considered
 

with cauition due to probable estimation inaccuracies, a com

parisonof annual government revenues attained with Runs 1,
 

-4and 5 suggests that taxing cattle inventories and sales is
 

a major regional source of government income from the cattle
 

subsector (not considering income and net worth taxes). We
 

can corclude that eliminating the special taxes on cattle
 

would likely produce a big loss in government revenue unless
 

this loss is compensated by other fiscal policies designed
 

to tax more effectively the income, net worth and property
 

of ranchers.
 

There are two unrealistic assumptions in the model
 

affecting the output of all runs. First, because of inadequate
 

information and accounting difficulties in computing the
 

general inventory tax as a proportion of the net investment
 

on cattle (Law 26, 1959), this is computed at a constant Ps
 

3.1 per head throughout the simulation. Thus, revenues from
 

this tax change with the cattle population and not with the
 

net worth of farmers. Second, the property tax is computed
 

from the assessed value of land which is set at 50 percent
 

of the capitalized value of land. Yet the use of the
 

capitalized value of land as a tax base introduces a de

stabilizing effect on government revenues since this value
 

changes with net returns and the rate of interest resulting
 

in an unlikely automatic adjusting mechanism in the value
 

of land and the related value of the property tax.
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Total cattle population and per capita consumption
 

follow the same rank of government revenues, i.e., Run 5
 

at the top and Run 4 at the bottom (Figures IV.3 and IV.4).
 

Per capita consumption is used here as a measure of the
 

effect of increasing cattle output from the Costa herd on
 

the availability of beef to the Colombian population. We
 

estimate that domestic consumption equals the residual of the
 

total supply of beef after accounting for official and illegal
 

exports; therefore, the program producing the largest cattle
 

population and off-take will result in the highest supply to
 

the domestic market. The cyclical pattern of consumption
 

per capita is produced by the long-term (7 years) cycle of
 

beef supply from the rest of the country which is forced into
 

the regional model. Lower prices arising from increased supplies
 

have the effect of improving the consumer's situation and
 

worsening the producer's. Consumers are better off in the
 

short run, but they may be worse off in the long run, since
 

low prices reduce incentives to increase output through moderni

zation and may eventually cause a reversion of land to tradi

tional management which would curtail output more drastically.
 

Such welfare effects must be faced when policy makers consider
 

alternative strategies for development.
 

Annual cattle populations for the various runs depend
 

on their projected composition as traditional and modern. As
 

stated, differences in herd size are produced by varying
 

rates of land modernization caused by differences in the
 

farmers' long-term modernization responses. While it is
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true that cutting off the special taxes increases income and
 

leaves the farmer with more capital available for investment
 

in farm-improvements, (and possibly a higher rate of moderni

zation) the actual rate is smaller. This paradox can be
 

explained by examining the dynamic nature of the farmers'
 

decision-making process. We have conceptualized that the
 

rate of land modernization cannot be higher than the rate at
 

which land enters modernization due to promotion and diffusion,
 

and that this rate depends upon the farmers' perception of
 

the relative profitability of the modern operation and the
 

response rate parameters.
 

Since eliminating the special taxes makes profits
 

proportionally higher in the traditional than in the modern
 

herd, the perceived relative profitability of the modern
 

operation throughout the planning horizon declines, and as
 

a result the rate of land modernization in Run 4 is lower.
 

This effect has its greatest impact after 1975. On the
 

other hand, increasing the property tax reverses the situation
 

described above, causing the perceived relative profitability
 

of the modern operation and the resulting rate of land
 

modernization to be higher in Run 5. Although these results
 

apparently give support to those advocating increased land
 

taxes in order to encourage an improved land utilization, no
 

definite conclusions can be drawn at this point.
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Aggregate farm income from cattle/ sharply increases
 

in all cases from 1965 to 1975 showing the effect of moderni

zation and rising prices. It then decreases rapidly (Figure
 

IV.5). From 1966 to 1980 the time paths of the three runs
 

are parallel with Run 4 at the top and Run 5 at the bottom
 

as expected. But after 1980, Runs 1 and 5 reverse the trend
 

while that of Run 4 continues downwards. The behavior of
 

this performance variable is responsive to the interaction
 

of several other variables in the model. As stated, the sharp
 

increase in income from 1965 to 1975 coincides with a period
 

of rising beef prices and increasing sales from a larger herd.
 

But the long-run effect of increased supply slows the rate
 

of increase in price from 1975 to 1980, and this, coupled
 

with rising costs and the debt burden after 1976 (when payments
 

of development credit cease) causes a decline in income from
 

1975 to 1980. After 1980, increases in total demand more
 

than offset the initial impact of increased supplies and
 

prices regain the upward trend of the period 1970-1975.
 

Rapid rising prices and decreasing indebtness from develop

meht credits cause income to become an upward trend
 

after 1980 in Runs 1 and 5. Furthermore, given the
 

structure of the model, land modernization stops altogether
 

1/Farm income includes both sale of traditional and
 
modern animals and milk as well as credits paid, but is net
 
of operating costs, debt service and interests.
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between 1975 and 1980 in these runs, eliminating all costs
 

on land improvement. This happens in the model when costs
 

and living expenditures exceed the value of sales and transfers
 

from the crop sub-sector, cutting off the availability of
 

capital for investment. In this case, commercial credit makes
 

up the difference to cover operating costs and/or living expendi

tures.
 

Although Run 4 experiences the same trends in price
 

and indebtness, it takes longer to slow down and reverse its
 

downtrend. Since higher incomes leave the farmers with more
 

capital for investment, more private resources are committed
 

to land improvement, and modernization proceeds for a longer
 

period in this run, though at a lower rate, before it ceases.
 

This results in lower acreage in modern land, but extended
 

establishment costs throughout the period !980-1985. This
 

behavior may suggest that, after 1985 when modernization stops,
 

the downtrend of Run 4 could be tapered off or even reversed.
 

Only by making projections after 1985 will this behavior be
 

known with certainty.
 

Finally, the per hectare capitalized value of land
 

follows very closely the pattern of farm income (Figure IV.6).
 

Although the value of a hectare in modern grazing (based on
 

its amortized annual average returns) is much higher (about
 

double) than a hectare of traditional grazing, the relative
 

proportion of the former in the total grazing land is so small
 

during the simulation that changes in the composition of acreage
 

in grazing have less effect on the capitalized land value of
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Run Definitions 

1. Disease control, modernization of cattle produc
tion, current land and cattle taxes and c.,tinua
tion of present trends and policies (base run).

4. Taxes on cattle cut off at years 1970 and 1972. 
5. Property tax increased to 14. 2 mills at year 1970. 
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~Run 

Run 5 

Run 4 

I 
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7 

un 1,4,5 

6 

1965 1970 1975 1980 1985 

Figure IV3. Cattle population In the Costa under 
various taxing policies, 1965-1985. 
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Run Dcfinltloi;
 

1. Disease control, modernization of cattle pro
duction, current land and cattle taxes and con
tinuation of present trends and policies (base
 
run).
 

4. Taxes on cattle cut off at years 1970 and 1972.
 
5. Property tax increased to 14.2 mills at year
 

1970.
 

25
 

,4,5 	 Run 5
 

ERun 	 1
 
L20
 

0 Run 4 
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Ld r..4 	 10
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Figure IV.4. 	 Beef consumption per capita of the
 
Colombian population under various
 
taxing policies, 1965-1985.
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Run Definitions
 

1. Disease control, modernization of cattle pro
duction, current land and cattle taxes and con
tinuation of present trends and policies (base
 
run).
 

4. Taxes on cattle cut off at years 1970 and 1972.
 
5. Property tax increased to 1b.2 mills at year
 

1970.
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Fig:ure IV.5. 	 Aggregated farm income from cattle
 
production in the Costa under various
 
taxing policies, 1965-1985.
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Run Definitions
 

1. Disease control modernization of cattle produc
tion, current land and cattle taxes and con
tinuation of present trends and policies (base
 
run).
 

4. Taxes on cattle cut off at years 1970 and 1972.
 
5. Property tax increased to 14.2 mills at year 1970.
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Figure IV.6. Average per hectare capitalized value
 
of grazing land in the Costa. under
 
various taxing policies, 1965-1985.
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Run Definitions 

1. Disease control, modernization of cattle produc
tion, current land and cattle taxes and continua
tion of present trends and policies (base run).

4. Taxes on cattle cut off at years 1970 and 1972. 
5. Property tax increased to i14.2 mills at year 

1970. 
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Figure IV.7. Annual government revenues from cattle 
production in the Costa under various 
taxing policies, 1965-1985. 



285
 

the region. Yet as modernization proceeds and the area in
 

modern land increases (both absolutely and relatively), its
 

impact on the average value of land will be greater. While
 

it is true that the special annual land tax burden will be
 

amortized in the form of lower land prices, thus reducing the
 

net worth of farmers, its long-run allocative effect could
 

result in increased land values and government revenues as
 

more traditional farmers are encouraged to improve their
 

lands and herds.
 

In general, increasing the land tax greatly increases
 

government revenues without impairing farmers' income and wealth
 

to a great extent. Probably the best strategy would be one
 

of combining increased land tax and eliminating some of the
 

special taxes on cattle. These results suggest that, when
 

proper policies are implemented, more surplus could be taken
 

from cattle producers in the form of higher taxes without
 

greatly curtailing farm capital formation and output.
 

Policies Related to Promotion and Development Credit
 

Policies and programs related to promotion and credit
 

for cattle modernization are examined in simulation Runs 6, 7,
 

8 and 9. Current arrangements for development credit assumed
 

in Run 1 are those set by the Caja Agraria project: interest
 

rate of 14 percent, a four-year grace period, eight years
 

for repayment, and borrowing ranchers participating with 20
 

percent of the estimated cost. The total budget for the
 

credit program is assumed to be Ps 750 million spread over
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atenjear period (see Figure 11.8). And precampaign promotion
 

is assumed to be 3,000 units of promotion spread over an
 

eight-year period (see Figure II. 8 ).l- Run 6 compares the
 

effect of reducing the interest rate to 10 percent during
 

the life of the program. Run 7 explores the effect of in

creasing the grace period to five years and the repayment
 

period to ten years.
 

The remaining runs of this set examine policies of
 

a more macroeconomic nature. Run 8 explores the effect of
 

increasing the allocation of credit funds up to Ps 1,125
 

million over the same ten-year period. And finally, Run 9
 

investigates the effect of increasing the units of campaign
 

promotion to 4,500 man-year equivalents over the same eight

year period.
 

The most striking observation that can be made about
 

this set of runs is that Run 8 (increased funding for develop

ment credit) produces results practically Identical with those
 

for the base run, and that results from Runs 7 and 9 (improved
 

terms for repayment and increased units of promotion,
 

respectively) are very close. Results from Run 6 (reduced
 

interest rate) are consistently higher than for the other
 

runs with the exception of the period 1965-1971 for farm
 

income and value of land and the last three years of the
 

run for farm income only (Figures IV. 8, 9, 10, 11 and 12).
 

I/One unit is equivalent to one man-year with annual
 
cost of Ps 20,000.
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The almost identical results (differences are so
 

small they can't be detected in the graph) for Runs 1 and
 

8 indicate that allocating 50 percent more funds for develop

ment credit over a period of ten years has practically no
 

effect on the output of the model. While it is true that
 

farmers use more credit when it is available and that more
 

of their cash balances are used to complement credit payments,
 

the total area in modern land is not affected. It is the
 

same in both runs. Runs 1 and 8 generate the same rate of
 

land modernization which means that, given the present
 

model's structure, more available credit does not affect
 

farmers' decisions. This is to say that more available
 

credit does not change farmers' perception of relative profita

bility nor their threshold and response rate parameters.
 

Recalling the modernization mechanism in the model, we see
 

that these parameters are used to simulate a wide variety of
 

responses to environmental situations (social, political and
 

economic). Therefore, we can see that, unless the environmental
 

conditions are such as to make new investments attractive, in

creasing government funds for modernization do not have major
 

impacts on development.
 

As stated above, the projected time paths of Runs 7
 

and 9 are very close and produce virtually the same results.
 

Initially, the rate of modernization is dominated by the
 

relatively higher net returns expected throughout the planning
 

horizon when the debt burden is spread over a longer period,
 

but, after a few years, the promotion effort builds and its
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effect outweighs that of the relative profitabilities
 

to produce a higher rate of modernization in Run 9 than in
 

Run 7. Yet after 1973 when promotion ceases, the moderniza

tion decisions are based exclusively on the relative differences
 

of the net present values and the other behavioral parameters,
 

and as a result more land is modernized in Run 7 than in Run 9.
 

As discussed in the previous section, the projected
 

time paths of the five performance variables respond to the
 

interactive effects of changes in use of modern land. This
 

interactive effect is more easily seen in the changing order
 

of cattle numbers in Runs 7 and 9 which follow the varying
 

rates of land modernization discussed above (Figure IV.8).
 

Farm income behavior is more complicated since there are more
 

factors involved. From 1965 to 1973 it is higher in Run 7
 

than in Run 9 as a result of the extended grace period on the
 

development credit and less expenditures on land modernization
 

by the end of the period. Then follows a period when increased
 

modernization demands more expenditures in Run 7 than in Run 9
 

and aggregate income in the former drops below the latter
 

(Figure IV.10). The increasing and decreasing trends in this
 

variable have been discussed. The capitalized value of land
 

is a reflection of farm income althoL.h, in the final period
 

of the run, larger values of traditional land increase average
 

assessed land value in Run 7. This is the effect of the
 

capitalized higher price of cattle in Run 7 resulting from
 

lower supplies as shown in Figure IV.9. Finally, government
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revenues follow from cattle inventories, sales and assessed
 

land values (Figures IV.ll and 12).
 

When outputs of Runs 1, 6, 7, 8 and 9 are compared,
 

reducing the interest rate on development credits in Run 6
 

shows the greatest impact on all variables. Cattle popula

tion, consumption per capita and government revenues are
 

consistently higher in Run 6 than in the other runs. Farm
 

income, however, is the lowest in Run 6 from 1966 te 1971,
 

and then is the highest until approximately 1983 when it is
 

below Runs 7 and 9 but above the base run (Figure IV.10).
 

Reducing the interest rate greatly increases the
 

net present value of the expected income stream from Modern
 

relative to traditional cattle, and the resulting higher
 

profitability accelerates modernization In Run C atove the
 

other runs. The initial effect of th!-: enhanced rate of
 

modernization is to decrease farm irncome relative to the
 

other runs as more resources are cor.=1tted to farm Improve

ments and more cattle are retained in order to build up the
 

herd. Although total cattle off-tak( 1:; reduced, the supply
 

of beef is increased as a larger proporticn of !.eavier 

animals from the modern herd are slaughtered. Yet this
 

enlarged beef supply, in turn, lower: the price of cattle
 

and reinforce.; the decline in income. At this Juncture, it
 

should be remembered that all cattle prices In the rodel are
 

related to the market price of flnished males, disregarding
 

conditions of demand for different animal categories. For
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a more precise accounting of cattle prices and income this
 

part of the model needs more refinement.
 

After this initial impact, increased sales in Run 6
 

outweigh the decline in price and as a result income becomes
 

larger until 1983 when expenditures in modernization continue
 

at a faster rate than in the other runs, and income becomes
 

lower. The capitalized value of land reflects the varying
 

pattern of farm income while government revenues follow in
 

relation to cattle inventories, sales and assessed land values.
 

The average value of land at the end of the run is greatly
 

influenced by a higher proportion of modern land in the total
 

grazing land which is 34 percent in Run 6 compared with 15
 

percent in Runs 1 and 7, and 22 percent in Run 9 (Figure IV.ll).
 

Policies Related to Domestic Supply
 

Pricing policies are investigated in Runs 10, 11 and
 

12. Retail prices have been under control at various times
 

but have never been efficiently enforced. Therefore, coercive
 

controls are ruled out here and the only price adjusting
 

mechanism allowed is through control of domestic supply via
 

the export market and/or increased off-take from the national
 

herd. Cattle exports will come mostly from the Costa herd
 

but excess supplIes from other producing regions, If ever
 

attained, will also be exported. Exports are exogenously
 

determined according to targets set by the government. Low
 

target projections are included in all runs between 1972 and
 

1974 (see Table 1.1, p.19) but thereafter three different
 



291
 

Run Definitiono 

1. 	Disease control, modernization of cattle production,
 
current credit terms and continuation of present
 
trends and policies (base run).
 

6. Reduced interest rate on development credits from
 
year 1966.
 

7. 	Increased terms of repayment on development credits
 
from year 1966.
 

8. 	Increased funding for development credit from 1966
 
to 1976.
 

9. 	Increased units of modernization
 
promotion from 1965 to 1974. un 6
 

Run 7
 

10

un 	9
 

o 	 unsR1n8R 

%H 

0
0	 Runu1, 

. 

o 	 Run 9
 

a) 7 

JAl1 runs6-

00 

1965 1970 1975 1980 1985 

Figure IV.8. Cattle population in the Costa under 
various promotion and credit policiest 
1965-1985. 
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Run Definitions
 

1. Disease control, modernization of cattle pro
duction, current credit terms and continuation
 
of present trends and policies (base run).
 

6. Reduced 	interest rate on development credits
 
from year 1966.
 

7. Increased terms of repayment on development
 
credits from year 1966.
 

8. Increased funding for development credit from
 
1966 to 1976.
 

9. Increased units of modernization promotion from
 
1965 to 1973.
 

25
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Figure IV.9. 	 Beef consumption per capita of the
 
Colombian population under various pro
motion and credit poliaies, 1965-1985.
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Run Definitions
 

1. Disease control, modernization of cattle pro
duction, current credit terms and continua
tion of present trends and policies (base run).
 

6. Reduced interest rate on development credits
 
from year "966.
 

7. Increa:;ed term:; of repayment on development
 
credit:; r 1966.0c:= 


8. Increased fu.;nwng for development credit from
 
1966 to 1976.
 

9. Increa;ed urntz; of modernization promotion from
 
1965 to 1973.
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Figure IV.l0. 	 Aggregated farm income from cattle
 
production in the Costa under various
 
promotion and credit policies, 1965
1985.
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Run Definitions 

1. Disease control, modernization of cattle pro
duction, current credit terms and continuation 
of present trends and policies (base run). 

6. Reduced Interest rate on development credits 
from year 1966. 

7. Increased terms of repayment on development 
credit.; from year i966. 

8. Increased funding for development credit from 
1966 to 1976. 

9. increased units of modernization promotion from 
1965 to 1973. 
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Figure IV.1. 	 Average per hectare capitalized value 
of* j'r;zi ri, land In thie Co :ita under 
v:tr jIu:: ;,rumul. Ilo :.111(l cr dl L, po lieI eu, 
1965-1985.
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Run Definitions 

220 

1. Disease control, modernization of cattle pro
duction, current credit terms and continuation 
of present trends and policies (base run). 

6. Reduced interest rate on development credits 
from year 1966. 

7. Increased terms of repayment on development 
credits from year 1966. 

8. Increased fundrng for development credit from 
1966 to !976. 

9. Increased units of modernization promotion from 
1965 to 1973. 

2001 Run 6 

180. un 9 

N 

.. 160* 

0 

4 140 Runs 1,8 

E 
120 

> 100 

E 
C 
L. 

80 

60 
c 

40 

Al runs 

20 

-1965 1970-... "1975 

I 

1980 

I 

"1985 

Figure IV.12. Annual government revenues from cattle 
production in the Costa under various 
promotion and credit policies, 1965
1985. 
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targets are tested in the model. The base run continues
 

projecting exports at a low level (329 thousand head annually),
 

Run 10 makes projections at an intermediate level (496
 

thousand head annually), and Run 11 at a high level (692
 

thousand head annually) (35]. Run 12 compares the effect of
 

attaining a high export target at the same time that the
 

cattle herd in the other four producing regions is growing
 

at 5 percent annually. At the time the simulation runs were
 

completed, details of the new cattle development plan were
 

released setting a revised export target at one million head
 

annually by 1990, but due to time constraints this was not
 

included in the study.1 / Illegal exports are kept constant
 

in all runs at 300 thousand head annually.
 

The effect of setting up low, intermediate and high
 

export targets accompanied or not by programs to develop the
 

cattle herd in the rest of the country results in striking
 

differences in outputs. In Figure IV.14 we see that the
 

major contributor to high consumption per capita is the
 

development of the cattle herd in the rest of the country
 

beginning in 1975, even after sustaining the export of 692
 

thousand head annually. The lowest consumption per capita
 

is attained in Run 11 with high export target and "normal"
 

growth of the non-Costa herd.
 

1/El Espectador, (Bogota), July8, 1973.
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Total (national) cattle population is the highest
 

in Run 12 as expected, despite a substantial decline in the
 

Costa inventories after 1975 (Figure IV.13). Yet, the non-


Costa cattle projections for this run reveal unrealistic
 

internal inconsistencies. In one account, the same condi

tions that discourage cattle production in the Costa might
 

exist in the other producing regions, resulting in a lower
 

or even zero rate of mcdernization. Likewise, the 5 percent
 

annual rate of growth assumed in the government plan seems
 

to be unrealistically high since the growth of the Costa
 

herd in the base run has been about 1.6 percent for the
 

period 1960-1985, and about 2.2 percent annually during
 

1960-1975, the period of the fastest growth.
 

The rising trend in the Costa cattle population of
 

Run 12 (Figure IV.13) tapers off after 1975 and turns down
 

after 1980 ending the projection with 8 percent fewer cattle
 

than the other runs. The substantial increase in beef supply
 

after 1975 causes a sharp decline in cattle prices (price of
 

finished males are 45 percent lower in Run 12 than in Run 1
 

by 1985) that first reduces the comparative advantage of the
 

modern operation and later turns it into a loss. At this
 

point land and cattle are transferred back to traditional
 

practices, and the nutritional imbalance caused by these
 

shifts fosters sales that further depress prices. We must
 

recall that the modernization mechanism in the model will
 

return land to-traditional management when the perceived
 

relative profitability (net present values) becomes negative
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indicating that the discounted returns at the base year
 

for traditional cattle are higher than those of modern
 

throughout the planning horizon. Therefore, the declining
 

profitabilities discussed above, through their interactive
 

effects in the model, result in reduced and early cessation
 

of modernization, reversion of land and animals from modern
 

to traditional, and firally in lower cattle inventories.
 

Despite larger incomes from higher cattle prices in
 

Runs 10 and 11 than in Run 1, the projected rates of land
 

modernization are very close and, as a result, the Costa
 

cattle population is virtually the same in these runs.
 

The reason for this is twofold: (1) discounted net returns
 

in each base year from traditional and modern cattle
 

experience about equal proportional increases for higher
 

prices apply to sales from both operations. Consequently,
 

the perceived relative profitabilities that are part of the
 

modernization's decision mechanism remain very close in their
 

time paths, and (2) the final rate of modernization is dominated
 

by the behavioral responses of farmers despite the greater
 

availability of investment capital arising from higher incomes,
 

especially in Run 11. This effect is the same as that of hav

ing more credit available for modernization. Yet we can
 

speculate that projections after 1985 might show a higher
 

population in Run 11 as modernization expands because of the
 

increased liquidity of farmers at a time when that of the other
 

runs has been reduced. It is also worth noting that the higher
 

average discounted returns from cattle in Runs 10 and 11 also
 

have an effect on land use, reducing the area in crops in
 



299
 

the region. This estimated effect, through the land
 

allocative mechanism in the model, and its possible inac

curacies will be discussed in the next section on crop
 

modernization.
 

The most dramatic effects of regulating prices
 

through domestic supplies are seen in the other three perfor

mance variables. Aggregated farm income from cattle (Figure
 

IV.15) is the highest when the high export target is attained,
 

followed in order by Runs 10, 1 and 12. Farm income in Run
 

12 not only falls sharply after 1975 when increased cattle
 

outputs from non-Costa regions are marketed, but also becomes
 

negative during the run's last five-year period. As income
 

drastically drops, farmers have to resort to short-term credit
 

to cover their operating costs and living expenditures. As
 

short-term indebtedness increases, debt service expenditures
 

further reduce farmers' liquidity. Although under these
 

circumstances farmers reorganize their business, returning
 

land and cattle from modern to traditional management, the
 

model does not provide adequately for reorganizing production
 

by reducing expenditures or, more drastically, going out of
 

business. Contrarily, the upper bound on sales and the
 

dominance of nutritional factors built into the sales mechanism
 

preclude a liquidation of the herd and force farmers to stay
 

in business even at a loss. This behavior points out the
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need to refine the model so as to better handle this
 

investment and disinvestment.
1 /
 

The capitalized value of land (Figure IV.16) follows
 

the projected time paths of farm income. However, Run 11 
shows
 

the effect of a higher value of traditional land on the weighted
 

average of land in the region. The value of land in Run 12
 

decreases sharply after 1975 until it reaches the salvage
 

value of one peso assumed in the model when income becomes
 

negative.
 

Government revenues (Figure IV.17) are again the
 

highest in Run 11 and the lowest in Run 12. Higher govern

ment revenues in Runs 10 and 11 than in the base run arise
 

from higher assessed land values since cattle inventories and
 

sales remain about the same. The loss.in revenues in Run 12
 

is produced by reduced cattle inventories and mostly by lower
 

assessed land values.
 

Policies Related to Crop Modernization
 

Run 13 attempts to highlight the interactive effects
 

of increasing the production of cash and food crops via
 

extension efforts to introduce new seed varieties and improved
 

cultural practices, improving average cash crop yields in
 

lowlands and uplands to 2,900 and 1,650 kg./ha., respectively,
 

and average food crop yields to 10,000 kg./ha. This run
 

-In turn, this need indicates a disciplinary need
 
for economists to develop a user cost theory as a basis for
 
improved modeling of investment and disinvestment.
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Run 	Definitions
 

1. Disease control, modernization of cattle pro
duction, low export target and ccntinuation of
 
present trends and policies (0a:-e run).


10. 	Cattle exports set at !ntermed~ate target from
 
year :)74.
 

11. 	Cattle exports set at h'gh target fror. year' i 9 7 4. 
12. 	 Cattle exports set at nigh target from year 1974 

plu; modernization of rest of natlonal herd from 
year 1975.
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-Figure IV.13. 	 Cattle population in the Costa and the
 
rest of Colombia under various domestic
 
supply policies, 1965-1985.
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Run 	Definitions
 

1. Disease control, modernization of cattle pro
duction, low export target and continuation of
 
present trends and policies (base run).
 

10. 	Cattle exports set at intermediate target from
 
year 1974.
 

11. 	Cattle exports set at high target from year 1974.
 
12. 	Cattle exports set at high target from year 1974
 

plus modernization of rest of national herd from
 
year 1975.
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I0igure V.iA. Beef coll1umpt lorl pr capita of' the 
Colombian population under, various
 
domestic supply policies, 1965-1985.
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Bun 	Definitions
 

1. Disease control, modernization of cattle pro
duction, low export target and continuation of
 
present trends and policies (base run).


10. 	Cattle exports set at Intermediate target from
 
year 19714.
 

11. 	Cattle exports set at high target f'rumr year 1974. 
12. 	Cattle exprrts set at high target from year 1974 

plus modernIzation of rest of national herd from 
year 1975. 
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Figure IV.15. 	 Aggregated farm income from cattle
 
production in the Costa under various
 
domestic supply policies, 1965-1985.
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Hun -e'int ttons
 

1, biteade control, modernizatlon of cattle ppo
ductIon, low export target and continuutlun of 
present trends and plolcies (ba- run).

10. 	 Cattle exports set at Intermediate target fr'(m 
year 1974.
 

11. 	 Cattle exports met at high target f',Ji year 1i'14. 
12. 	Cattle exports set at high turget from year 1174 

plus mo(uernizat ion of re:3it of' national herd 1'rom 
year 1975. 
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Figure IV.16. 	 Average per hectare capitalized value 
of' grazing land In the Costa under 
varloun dom-,itic supply policies,

1 9 8 5 .IPO,,-
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Run 	DefinitionH
 

1. Disease control, modernization of cattle pro
duction, low export target and continuation of
 
present trends and policies (base run).
 

10. 	Cattle exports set at intermediate target from
 
year 1974.
 

11. 	Cattle exports set at high target fro'm year
 
1974.
 

12. 	Cattle exports set at high target from year 
1974 plus modernization of rest of natlonal 
herd from year 1975. 
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Figure 1V.17. 	 Annual government revenues from cattle
 
pioduction in the Costa under various
 
domestic supply policies, 1965-1985.
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assumes that yield targets are attained at the end of five
 

years with the crop modernization effort starting in 1972
 

while cattle improvement programs are still in effect.
 

Run 13 examines the effect of a program to modernize
 

cash and food crop production on the performance of the
 

cattle industry. In general, the modernization of crops
 

has an adverse effect on all performance variables but
 

cattle population which shows a slightly higher trend in
 

Run 13 than in the base run between 1980 and 1985, although
 

for practical purposes the results can be considered the
 

same (Figure IV.18). When cash crops are modernized, their
 

profitability increases relative to that of cattle and
 

more land is transf"erred from cattle production to crop pro

duction. As a result, total grazing land declines over
 

time. But the land allocation and modernization mechanisms
 

in the model interact to step up the proportion of modern
 

land in total grazing land. The effect of the land allocative
 

mechanism is to take out land from the least profitable cattle
 

activity--the traditional in this case--and transfer it to
 

the most profitable cash crop activity. Meanwhile, the
 

modernization decision mechanism continues to shift land from
 

traditional to modern cattle management. If the latter effect
 

outweighs that of the land allocation, as in Run 13, this
 

results in a higher proportion of modern pasture land relative
 

to total pasture land that compensates any loss of grazing
 

area. Yet it is likely that, in the long run, differences
 

in cattle population will widen as more grazing land is
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modernized in Run 13 after 1985 at a time when modernization
 

has ceased in the base run. The reason for this is the greater
 

availability of capital for investment brought about by larger
 

revenue transfers from crops to cattle production as total
 

income in the crops subsector increases. We should remember
 

that the model assumes a 10 percentY internal transfer of
 

net revenues from crops to catcle; and that, for the period
 

1972-1985, net crop income is greatly increased, being 190
 

percent higher in Run 13 than in the base run in 1985. While
 

this effect has its major impact in the absence of development
 

credit and when the liquidity of farmers is low the projected
 

rates of land modernization are very close in the two runs,
 

despite larger internal capital transfers in Run 13. As
 

discussed, this result indicates that the final rate of
 

modernization is dominated by similarities between the way
 

farmers' behavioral responses are modeled in both runs.
 

Although in Run 13 there are conditions for a larger
 

and faster shift of land from cattle production to crop pro

duction, the assumptions underlying the land allocation mechanism
 

prevent profit incentives from exerting a greater impact on
 

land use. It is assumed that cash crops in the lowlands
 

expand at a constant 4,500 hectares annually throughout the
 

simulation; this seems to be an unrealistic assumption since
 

it is likely this rate would increase as the profitability
 

I/The accuracy of this estimate is highly uncertain.
 
The rational for using a low proportion of capital transfer
 
at this point is the current low level of reinvestment in
 
cattle raising.
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of crops relative to cattle becomes greater. In the uplands
 

(subregion 1), however, we have reasoned that farmers' deci

sions to expand (or contract) their cash crop acreages are
 

based on their perceived differences in net present value of
 

future income streams from land in different uses, and on a
 

response rate parameter. In the land allocative mechanism,
 

we see that the effects of revenue differences between the
 

allowed land uses are reduced by the response rate parameter
 

which is assumed constant in the projected time paths for
 

the two runs. This also seems to be an unrealistic assump

tion since it is likely that farmers will accelerate the rate
 

of land transfer from pasture to crops as their perceived
 

relative profitability becomes larger. As a result, the
 

impact of relatively greater returns from crops on land
 

allocation is minimized and the final estimate of land in
 

crops is biased downwards. However, this transfer could be
 

tapered off or even reversed if the average returns from
 

cattle approximate or outweigh those from crops.
 

Although cattle population is slightly higher in
 

Run 13 than in Run 1, the resulting per capita consumption
 

is lower during the last five years of the run (Figure IV.19).
 

This apparent paradox is explained by a higher pasture-to

animal ratio toward the end of Run 13 that results in a lower
 

extraction ratio. In the sales mechanism of the model, the
 

short-term response in off-take is dominated by nutritional
 

conditions. Yet it is likely that the off-take in Run 13
 

will increase in the long run when modernization is completed
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and the cattle herd is in equilibrium with the forage
 

available.
 

As expected, aggregate farm income from cattle and
 

the resultant capitalized value of land follow the same
 

pattern. Income from cattle (Figure IV.20) follows almost
 

the same time path in the two runs until 1980 indicating,
 

again, the behavior and interactions discussed in previous
 

sections. But after 1980, the two runs diverge widely and,
 

while Run 1 :everses its downtrend, Run 13 continues to fall
 

sharply. The reason for this is found in the greater avail

ability of capital for investment brought about by increased
 

revenue transfers from crop to cattle production--which enables
 

farmers to continue investing in farm improvements for longer
 

periods after the credit program has been cut off. This
 

downtrend could be tapered off or even reversed if moderniza

tion slows down or stops altogether either for lack of in

centives, lack of outlay balances for modernization, or lack
 

of traditional land.
 

The capitalized value of land per hectare is a re

flection of what happens to farm income (Figure IV.21). How

ever, it is worth noting that in Run 13, after 1980 the decrease
 

in land values is less than that of farm income. This is ex

plained by the increased weight of modern land in the average
 

capitalized value of land in the region resulting from the
 

expansion of modern pasture and the contraction of traditional
 

one. Finally, government revenues are lower in Run 13 after
 

1980 as a result of lower tax collections from cattle sales
 

and assessed land values (Figure IV.22).
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Run 	Definitions
 

1. Disease control, modernization of cattle pro
duction, no modernization of crops and continua
tion of present trends and policies (base run).
 

13. 	Modernization of cash and food crops from 1972
1976.
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Figure IV.18. 	 Cattle population in the Costa with
 
and without a crop modernization
 
program, 1965-1985.
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Run 	Definitions
 

1. Disease control, modernization of cattle pro
duction, no modernization of crops and con
tinuation of present trends and policies (base
 
run).
 

13. 	Modernization of cash and food crops from 1972
1976.
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Figure IV.19. 	 Beef consumption per capita of the
 
Colombian population with and without
 
a crop modernization program 1965-1985.
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Run Definitions 

1. Disease control, modernization of cattle produc
tion, no modernization of crops and continuation 
of present trends and policies (base run). 

13. Modernization of cash and food crops from 1972
1976. 
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Figure IV.20. 	 Aggregated farm income from cattle
 
production in the Costa with and
 
without a crop modernization program,
 
1965-1985.
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Run 	Definitions
 

1. Disease control, modernization of cattle pro
duction, no modernization of crops and con
tinuation of present trends and policies (base
 
run).
 

13. 	Modernization of cash and food crops from 1972
1976.
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Figure IV.21. 	 Average per hectare capitalized value
 
of grazing land in the Costa with and
 
without a crop modernization program,
 
1965-1985.
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Run Definitions 

1. Disease control, modernization of cattle pro
duction, no modernization of crops and con
tinuation of present trends and policies (base 
run). 

13. Modernization of cash and food crops from 1972
1976. 
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Figure.IV.22. Annual government revenues from cattle 
production In the Costa with and w~thout 
a crop modernization program, 1965-1985. 



315
 

Effect of Various Policy Combinations
 

The set of runs which investigates the consequences
 

of var~bus combinations of policies and programs includes Runs
 

1, 14, 15 and 16 as defined in Table IV.I. Briefly, Run 1
 

projects present trends and policies (the base run); Run 14
 

implements the taxing policies of Run 4 with the credit
 

policies of Runs 6 and 7; Run 15 investigates the effects
 

of increasing the funds for development credit coupled with
 

a 50 percent increase in the promotion effort; and Run 16
 

implements the programs of Runs 14 and 15 concomitantly
 

with the development of the non-Costa cattle herd and the
 

increase of beef exports from a low to a high target.
 

In general, the more micro-economic oriented policies
 

of Run 14 have the greatest long-run impact on the performance
 

variables in the model, followed by those of a more macro

economic nature (Run 15). The combination of these policies
 

in Run 16, coupled with a program of expanding exports and
 

growth of the cattle herd in the rest of the country, produce
 

varying results that go from a steady increase in consumption
 

per capita to a gradual decline in cattle population in the
 

Costa and a sharp decline in farm income, land value and
 

government revenues.
 

By 1985, total (national) cattle population is 42
 

million head in Run 16, about 50 and 40 percent higher than
 

in the base run and Run 14, respectively. The cattle popula

tion in the Costa in Run 16 at first experiences a faster
 

rate of growth than in the other runs, but this tapers off
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after 1975 when the development of the cattle industry in
 

the rest of Colombia begins, and in the long run the growth
 

rate will likely turn down (Figure IV.23). Although the
 

negative effects of increased beef supplies from the rest
 

of Colombia on land modernization and cattle population in
 

the Costa have been discussed earlier, further discussion is
 

necessary at this point to better understand the changes in
 

cattle inventories in Run 16. Between 1975 and 1985, cattle
 

population continues to grow at a decreasing rate although
 

no more traditional land enters the process of modernization
 

and conditions exist for a reversion of land from modern to
 

traditional management. The reason for this is found in
 

farmers' delayed response to falling prices and income
 

which is built into the model. Since the perceived relative
 

profitabilities are based on exponentially averaged costs
 

and prices of the preceding five years, it takes several
 

years before the decline in price has its full effect on
 

expected returns. Increasing prices before the turning
 

point in 1975 (see Figure IV.28) have the effect of increas

ing or maintaining averages in the following base years.
 

Since the perceived relative profitability in 1985 continues
 

to be positive and higher than the threshold parameter, it
 

prevents the operation of the land reversion mechanism
 

although modernization of new land is stopped by the other
 

constraints imposed on the modernization decision mechanism.
 

Nevertheless, the land in process of modernization from
 

previous years (the land "stored" in the modernization delay)
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full modern production
completes its development and enters 


a few years after modernization of new traditional land has
 

been stopped; as a result, the area in modern land increases
 

productive rodern herd.
beyond 1975 and with it the more 


in the long run this
However, it Is to be expected that 

process would reverse as discussed earlier in the section 

on domestic supply policie:; in ccnnection with Run 12. It 

is highly un!ikely th.at farmer:; would walt ten years befcre 

changing theIr exp;ectation: from profit to loss and :tart 

model :;houldreorganizlni; prcuction. -nis weakne:;s of the 

be considere,! :-.c-, carefully and corrected. 

Ru"' which combire: the .. providedcentive:; to 

modernization only, show:; a :;teady uptrend in cattle popula

tion as a result of a higher and sustained rate of land 

modernization (Figure !V.23). Run 15, which ccnbines the 

credit fundlng and prcmctlon policies of hur,:: . and 9, 

results In vlrtuaily the :;are cattle populatior, of Run 9 alone 

(about 9.8 million .ead In !985) lndcatln6 that adding In

creased ava-labllty of levelopment credIt to the proMotion 

effort does not affect the output of the model. This result 

was explained in t.e :;ectlon on promotion and development 

credit policies. 

Consumption per capita is the highest when the 

cattle herd in the rest of Color.bia is developed, even after 

When the cattle developsustaining a high level of exports. 


ment program is limited to only the Costa region, Run 14
 

yields the highest domestic supplies (Figure IV.24).
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As depicted in Figure IV.25, aggregated farm income
 

from cattle is greatly influenced by export policies and
 

development programs which affect cattle prices and costs
 

as well as expenditure commitments for farm improvement.
 

Initially, farm income is inversely related to the rate of
 

land modernization with Run 1 at the top followed by Runs 15,
 

14 and 16 respectively. But between 1970 and 1975, this
 

order is completely reversed by the effect of the various
 

policies followed. Run 16 shows the effect of increased
 

prices because of high exports coupled with increased sales
 

and cost reductions arising from the development programs.
 

When the export target is low and domestic price drops as
 

in Runs 1, 14 and 15, the production incentives provided in
 

Run 14 result in the highest farm income. The changing trend
 

in farm income in Runs 1, 14 and 15 after 1975 is explained
 

by different levels of expenditures on land modernization at
 

the end of the credit for development program. Farm income
 

in Run 16 sharply decreases after 1975 and becomes negative
 

after 1980 when increased supplies from the rest of the
 

country greatly depress prices--more than offsetting the
 

positive effect of the other policies implemented in this run.
 

In general, the capitalized value of land (Figure
 

IV.26) follows the projected time paths of farm income.
 

In the initial period 1965-1970, the order differs from that
 

of farm income because of varying proportions of traditional
 

and modern land in the total grazing land thak affect the
 

average value of land in the region. Although farm income
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in 1985 is lower In Run 14 than in Runs I and 15, the
 

capitalized value of land is higher because of the larger
 

value of traditional land which haz the greatest weight in
 

the average value of land. The value of land In Run 16 de

creases sharply after 1975 until in 1985 it reaches the
 

salvage value of one peso per hectare assumed in the model
 

when income becomes negative.
 

Government revenues (Figure IV.27) are the highest
 

when development is promoted while maintaining the special
 

taxes on cattle (Run 15). When the special taxes are cut
 

off, government revenues are sharply reduced even though the
 

other policles implemented in Run 14 substantially increase
 

revenues from the property tax. But government income is
 

the lowest in Run 16 because of the lost revenues from
 

cattle taxes and very low assessed land values.
 

Policies Related to Export Promotion
 

Policies aimed at the promotion of beef exports are
 

examined in the last set of runs, Runs 12, 17, 18, 19, 20 and
 

21. Although the present structure of the model does not pro

vide a feedback linkage between the export sector and the
 

domestic market except for the simple effect of increasing
 

the total number of animals demanded, the output of the
 

study is appropriate for exploring the likely outcome of some
 

world market conditions and/or domestic policies on the
 

competitiveness of the Colombian cattle industry.
 

The export promotion policies now in operation were
 

introduced in 1967 under Decree-Law 444, and those examined
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Run Definitions
 

1. Disease control, modernization of cattle pro
duction and continuation of present trends and
 
policies (base run).
 

14. Combines Run I.,Run 6 and Run 7. 
15. Comb ±ne:; Ru; 9 and Ru: 9. 
16. Combine:; Run 14 and Run 15 plus modernization 

of re:;t ofr nat:una" h:rd from year 1975 and 
high export target. 
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Figure IV.23. 	 Cattle population in the Costa under
 
various policy conditions, 1965-1985.
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Run 	Definitions
 

1. Disease control, modernization of cattle pro
duction and continuation of present trends and
 
policlei (tase run).
 

14. 	Cont l:.e.; Run 11, Run 6 and Run 7. 
15. 	Combines Run 8 and Run 9. 
16. 	Ccmbnes Run 114 and Run 15 plus modernization of
 

rest of nat'onal ?.erd from year 1975 and high
 
export target.
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Figure IV.24. 	 Beef consumption per capita of the
 
Colombian population under various
 
policy conditRons, 1965-1985.
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Run Definitions
 

1. Disease control, modernization of cattle pro
duction and continuation of present trends and
 
policies (base 	run).
 

14. Combines Run 4, Run 6 and Run 7.
 
15. Combines Run 8 and Run 9.
 
16. Combines -4un 1AJ and Hun 15 plus modernization
 

of rest of national herd from year 1975 and
 
high export target.
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Figure IV.25. 	 Aggregated farm income from cattle
 
production in the Costa under various
 
policy conditions, 1965-1985.
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Run Definitions
 

1. Disease control modernization of cattle pro
duction and continuation of pre-ent trend.i and
 
policleu (ha:ie run).
 

14 . Combines Rut; 4, i(ur 6 and Run 7. 
15. Combine:s Hur. 8 and Hun 9.
 
16. Combine:; Run 14 and 4un 15 plus modernization
 

of rest of national herd from year 1975 and high

3,750 export target.
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Figure IV.26. Average per hectare capitalized value 
of grazing land in the Costa under 
various policy conditions, 1965-1985. 
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Run Definitions
 

1. Disease control, modernization of cattle pro
duction and continuation of present trends and
 
nolicies (base run).
 

14. . mbines Run 4, Run 6 and Run 7.
 
15. ombines Run 8 and Run 9.
 
16. Combines Run 14 and Run 15 plus modernization of
 

240 	 rest of naticnal herd from year 1975 and high
 
export target.
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-Figure IV.27, 	 Annual government revenues from cattle
 
production In the Costa under various
 
policy conditions, 1965-1985.
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here at the tax credit certiflcate (CAT) dizicussed 
in
 

The present
Chapter 2, and a fluctuating exchange rate. 


15 percent rate of return accruing to exporters 
through the
 

CAT scheme is subject to annual adjustments depending on
 

the competitive position of Colombian exports in foreign
 

markets.
 

Although sales of live cattle have dominated Colombian
 

exports, it is assumed that after 1974 only dressed animals
 

will be exported in the form of frozen carcasses. Therefore,
 

the three levels of world price considered here are for
 

frozen beef. The high price assumes that after 1974 the
 

world price will continue the trend for the period 1970

one of rapid rising prices (during this two-year period,
1972, 


the price of Colombian frozen beef increased 38.4 percent
 

that after 1974
 on a yearly basis). The low price assumes 


the rising trend in world price will be approximately one

eleventh of the 1970-1972 period. And finally, the moderate
 

price assumes a rising trend in the world price of about
 

In all cases the per
three-eights of the 1970-1972 period. 


carcass beef has been converted to a live
ton price of 


animal equivalent by a factor of 4.3. Runs 17 end 18 in

vestigate the effect of low and moderate world prices,
 

respectively. In the remaining runs, Runs 12, 19, 20 and
 

21, policies related to exchange rate, export subsidy and
 

promotion of cattle production in the rest of the country
 

are examined under conditions of low world price. Run 19
 

investigates the effect of cutting off the export subsidy
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after 1975 while maintaining a flexible exchange rate. Run
 

20 speculates on maintaining export subsidies while returning
 

to a fixed parity against the dollar when this reaches an
 

approximate value of Ps 25. Run 12 combines the effect of
 

maintaining export subsidies and fixing the exchange rate
 

with an increased growth of the non-Costa herd at 5 percent
 

annually after 1975. And finally, Run 21 combines the
 

effect of cutting off export subsidies after 1975 and main

taining a flexible exchange rate with an increasing cattle
 

population in the rest of the country.
 

In general, the international competitive position
 

of Colombian beef is investigated assuming the least advantageous
 

conditions in both the domestic and world markets. In the
 

domestic market we always assumed high export targets which
 

are reflected in higher domestic prices, and in the world
 

market we assumed low prices in all cases but in Run 18. In
 

the study, export margins, defined as the difference between
 

the pesos equivalent of the world price per animal increased
 

by the export subsidy and the domestic price per animal, are
 

used as a proxy for competitiveness in world markets. The
 

subsidy to exports considered in the study is that enacted
 

by Decree-Law 444 of March 22, 1967. Although Decree 444 also
 

introduced a fluctuating exchange rate, the study assumes
 

a return to fixed parity.against the dollar when this :'eaches
 

an approximate value of 25 pesos (Runs 12 and 20). Exchange
 

rate values are trend-like projections computed exogenously
 

in the model by Equation 9.18a on page 213.
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As Figure IV.28 shows, the domestic market price per
 

finished male is greatly affected by policies related to
 

exports and production expansion. When exports are at a low
 

level and modernization is limited to the Costa, policies
 

to increase production (Run 14) result in lower prices than
 

the base run. If modernization is carried out only in the
 

Costa with the same development policies as in Runs 1, 10
 

and 11, the larger export target in Run 11 results in the
 

highest price. The major contributor to lower-prices is
 

the expansion of cattle population in the rest of the country
 

as depicted by Run 12.
 

Although Runs 1, 10, 11 and 14, show a steadily rising
 

trend through the period 1965 to 1985, the varying time path
 

at each five-year interval shows the effect of the seven-year
 

cycle of beef supply from the rest of the country. Run 12
 

experiences a sharp drop in price after 1975 when the increased
 

production from the rest of the country herds is marketed.
 

But an upward trend follows after 1980 which coincides with
 

a declining path in the long-term supply cycle. Since cattle
 

production is discouraged in the Costa by low prices and
 

domestic demand is always increasing, it is likely that in
 

the long run the price cycle in Run 12 will have a raising
 

trend.
 

From Figure IV.29 we can see that export margins are
 

consistent with world prices and with policies affecting domestic
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prices and the pesos equivalent value of exports.1 Since
 

Colombia's current and projected share of the international
 

beef market is relatively small (the high export target sustained
 

after 1975 is equivalent to approximately 161 thousand metric
 

tons or about 10 percent of the total beef traded interna

tionally),-- we assume an infinitely elastic demand for
 

Colombian exports. This means that Colombian sales to the
 

world market do not have an impact on world prices arid that
 

beef exports will be traded at the going world price. However,
 

if Colombia greatly increases its share of the world market in
 

the future, the above assumption would not hold and conditions
 

of world supply and demand would have to be more carefully
 

considered. When domestic price is high (because of high
 

exports) and world price is low as shown in Run 17, export
 

margins are negative for a period of about ten years, even if
 

export subsidies are paid and the pseo gradually depreciates
 

against the dollar. But further depreciation of the peso,
 

to the point when the exchange rate reaches a 1985 value of
 

Ps 53.98 for each dollar, results in a rising export margin
 

that becomes positive during the last three years of the run.
 

If world prices are moderate, export subsidies are paid, and
 

the exchange rate is flexible, as shown in Run 18, export
 

/One way of looking at export subsidies is by chang
ing the effective exchange rate at which certain commodities
 
are traded.
 

-/Australian 
 Bureau of Agricultural Economics,

"World Production and Trade," The Beef Sutiation, No. 15
 
(May, 1971), 12-14.
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margins are always positive and by 1985 could be as high as
 

Ps 15,160/head.
 

Runs 19 and 20 project the effect of two alternative
 

policies for export promotion under conditions of high
 

Run 19 shows that if exdomestic price and low world price. 


port subsidies are cut off in 1975, a flexible exchange rate
 

is not enough to produce positive export margins, although the
 

upward trend of the last ten years suggests that in the long
 

run the margin will be positive as the peso further depreciates.
 

Yet, as shown in Run 20, exporters are worse off when a
 

subsidy is paid but the exchange rave is fixed at about Ps
 

25 to the dollar. The downward trend in this case indicates
 

that the negative margin will continue to widen as increases
 

Run 21 shows that under
in domestic demand bid up the price. 


conditions of low domestic prices resulting from increased
 

supplies from the rest of the country and low world prices
 

after 1975, a flexible exchange rate alone is sufficient to
 

cause export margins to change the downward trend and become
 

positive. And finally, Run 12 shows that if a fixed exchange
 

rate is used in combination with an export subsidy the export
 

margin takes an upward trend from 1975 to 1980, but after
 

1980 it again shows a downtrend when domestic price rises
 

after increases in demand more than offset the impact of an
 

enlarged supply. It is clear in this run that export margins
 

follow a reciprocal pattern to that of domestic prices, and
 

therefore the margins are affected by the long-run supply
 

cycle as well (see Figure IV.28).
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Run 	Definitions
 

1. Disease control, modernization of cattle pro
duction, low export target and continuation of
 
present trends and policles (!;ase run). 

10. 	Cattle exports :;et at Inti:'t. target from 
year 1974. 

11. 	 Cattle export:. :;(!t it g; . ;'t target from 
year 197i,. 

12. 	 Cattle export:; :; t at U1 h ta:.<et from. year 
1974 plus rodernization :A re,;t of national herd 
from year 1975. 

14. 	 Combine:; Hun 4, Hun 6 and ."tun 7. 
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Figure IV.28. Domestic market price of finished males
 
under vu-lotis pollcy alternative:i, 1965
l' H. 



Run Definitions 

12. Same as Run 1 with high export target and low world 
price after 1974 plus fixed exchange ra'e at Ps 25 
and modernization of rest of national herd from 1975. 

17. Same as Run 1 with high export target and low world 
price after 1974. 

18. Same as Run 1 with high export target and moderate 
world price after 1974. 

19. Same as Run I with high export target and low world 
price after 1974 plus export subsidy cut off at 
year 1975. 

20. Same as Run 1 with high export target and low world 
price after 1974 plus fixed exchange rate at Po 25. 

21. Same as Run 1 with high export target and low world 
price after 1974 plus export subsidy cut off and 
modernization of rest of national herd after 1975. 
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Competitive position of Colomblan
 
cattle In export markets under various
 
policy alternatives amsuming high
 
export target and moderate and low
 
world beef prices, 1965-1985.
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Two comments on the assumptions about the exchange
 

rate are relevant to this analysis. First, when the exchange
 

rate is flexible or fluctuating, it is assumed to depreciate
 

at 7.28 percent annually precluding any acceleration or
 

tapering off of this rate over time. Second, when the
 

exchange rate reassumes its fixed parity against the dollar
 

it remains at about Ps 25 from approx'mately 1973 until the
 

end of the run in 1985. This extended period of fixed parity
 

is likely to result in an overvaluation of the peso that
 

would eventually affect Colombian foreig;n trade leading to 

balance of payment problems, and eventual further devaluation. 

The above considerations make the assumptions related to 

exchange rates in the model likely unrealistic.
 

The annual value of the subsidy paid to exporters will
 

depend on the volume of exports, the world price and the
 

exchange rate. Given the same world price, the higher the
 

exchange rate the higher the subsidy per animal exported. 

Although annual payments vary from year to year, at the 

end of the simulation in 1985 they are the highest when the 

world price I, high, the exchange rate flexible and the 

export target high (Rurii 1) and amount to Ps 5,179 million. 

But subsidy paymentis drop to Ps 1,168 million when world 

price i. low (Run 17) while exports and exchange rate are 

the same as above. If world price is high, the exchange 

rate flexlb](,, but. the export target is low as in the base run, 

subsidy pnyments are Pl-s 2,1162 million. And finally, subsidy 

paymLntsl are the lowest amounting to Pa 5146 million when the 
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exchange rate is fixed and the world prioe is low even though
 

exports are high (Run 20).
 

The value of foreign exchange earnings will depend
 

on the volume of exports and the world price and, therefore,
 

its annual projection will experience a changing pattern that
 

will also differ among the various runs according to their
 

underlying assumptions. If exports are sustained at a high
 

level, the projected value of foreign exchange earnings in
 

1985 will be $144.3 million when the assumed world price
 

is low; $307.5 million when world price is assumed moderate;
 

and $639.7 million when world price is assumed high.- If
 

world price is assumed moderate, the projected value of foreign
 

exchange earnngs in 1985 will be $146.2 million when exports
 

are maintained at a low level; and $220.4 million when exports
 

are intermediate.
 

The foregoing examples indicate that changes in world
 

price provide the government with more latitude in the choice
 

of policies for the attainment of foreign earning targets
 

without greatly impairing other desirable goals. Recalling
 

earlier dIscussions we see that increasing the level of
 

exports reduces consumption per cap~ta unless other measures
 

are taken to increase domestic beef supply (see Figure IV.14).
 

Yet it is a>:;o true that higher prices brought about by
 

/ At the end of the run, the projected world prices
 
per live animal based on the price of frozen beef are: low
 
$208.5; moderate $444.4; and high $924.4.
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enlarged exports could create the incentives for farmers
 

to expand cattle production with the long-run effect of
 

increasing the number of animals marketed for slaughter.
 

Likewise, government revenues from the domestic sector are
 

enhanced as profits, cattle inventories and land values
 

are increased.
 

Conclusions
 

We have made eight major inferences from our cattle
 

policy experiments.
 

First, given the assumptions behind the model, the
 

availability of credit for development does not seem to be
 

as crucial as originally thought. Although farmers use
 

credit whenever it is available, there are substantial
 

unused credit balances at the end of each year between 1966
 

and 1976. Furthermore, the model indicates that, in the
 

aggregate, farmers could cover establishment costs of the
 

land being modernized with resources generated internally
 

in the agricultural sector. This is shown in the model by
 

the allowable rate of modernization depending on the farmers'
 

capability to meet the total establishment costs without
 

credit support (ARM3 in Equation 5.42c) being higher than
 

the combined rate of modernization due to promotion and
 

diffusion (RLMI in Equation 5.40). As seen throughout this
 

analysis, farmers' response to economic opportunities
 

determine their use of private and public savings for farm
 

improvement. However, cash flow problems developing late in
 

the simulation suggest the need for a comprehensive credit
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policy. These outcomes are seen more explicitly here when
 

increasing the competitive edge of the modern over the
 

traditional operation; in such cases, easing the credit
 

terms, as in Runs 6 and 7, encourages modernization more
 

than increasing development credit funding as in Run 8.
 

And the sharp decline in annual income in all runs after
 

1975 is an indication of farmers' unbalanced cash flow.
 

The preceding results imply that providing credit assistance
 

for a longer period might be more effective than increasing
 

the volume of funds within the ten-year period (1966-1976)
 

set in the model.
 

Second, the model's output indicates that the
 

performance indices depend heavily on farmers' attitudes
 

toward adoption and continued use of the new production
 

methods. This behavior is simulated in Equations 5.36 and
 

5.47 using principles of diffusion theory. But modeling
 

farmers' decisions to expand or contract production on the
 

basis of diffusion theory is a poor proxy to sound economic
 

principles explaining such processes. Until more adequate
 

user cost, investment, and disinvestment theory is developed
 

for use in modeling expansion and contraction of agricultural
 

production, the model would benefit from more research and
 

experimentation on farmers' response patterns under the
 

diffusion theory used in this study.
 

Third, the benefits of long-term output responses in
 

modern pasture acreage expansion are reinforced by policies
 

directed toward the modern sector only.' Otherwise, the
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relative profitability differential of improved over
 

traditional cattle production is decreased and the adoption
 

rate of improved management practices is reduced accordingly.
 

The effect of production incentives and the production
 

campaign, particularly promotion, are highly complementary
 

in encouraging the farmers to modernize their system of
 

cattle production.
 

Fourth, cattle inventories and output in the Costa
 

depend decisively on controlling diseases in the traditional
 

sector. But at the national level, the major effect is
 

obtained when cattle production is also modernized in the
 

other producing regions.
 

Fifth, the cumulative effects of policy combinations
 

(Runs 14, 15 and 16) on the model's output are, in general,
 

greater than those of single policies. Positive effects of
 

single policies are reinforced by complementary measures when
 

simultaneously applied. Reinforcing and offsetting policy
 

effects are important characteristics to be considered by policy
 

makers when designing strategies for economic development.
 

Sixth, the competitive position of Colombian cattle
 

in world markets is decisively dependent on world price and
 

policies concerning domestic supply and export incentives.
 

In this analysis, a negative export margin indicates that
 

domestic price is higher than world price as viewed by
 

Colombian exporters and implies that they cannot compete in
 

world markets at the price beef is being internationally
 

traded. The results shown in Figure IV.29 suggest that the
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need for and the amount of transfers from the rest of the
 

economy to cattle exporters in the form of export oubsidies
 

can be examined and determined in the face of both
 

domestic and world prices and exchange rate policies.
 

Seventh, an alternative course to policy makers'
 

active participation in the model was to assume certain policy
 

changes during the period 1966-1973. In this period various
 

programs were implemented (cattle development and animal
 

disease control), legislation was proposed (increased property
 

tax, presumptive taxation of agriculture and elimination of
 

cattle selective inventory tax), and important decisions were
 

made (extension of general cattle inventory tax after its expira

tion in 1970). Or, using another interpretation, retrospective
 

policy experimentation is a demonstration of how the model
 

could have been used as a planning and decision-making tool
 

had it been designed at the time decisions were made and/or
 

policies proposed. Quick legislative action, assumed in some
 

cases in the model, could possibly have been obtained by the
 

use of the model. Models designed to predict the outcome of
 

alternative policies have the additional application of prompt

ing government officials and legislators to action. The Costa
 

model attempts to evaluate the effects of an early implement"

tion of various proposed policies and the likely effects of
 

having started cattle development programs applying different
 

measures to those used at the time of their introduction.
 

Initial time of alternative policy implementation can easily
 

be changed to 1973 or any other future year. The model's
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structure is flexible enough to allow these changes. Given
 

the structural relationships and assumptions behind the
 

model, it can be expected that its output variables will
 

experience the same trends as shown for the period 1966-1973.
 

Changes in initial time of policy implementation were planned
 

in additional experiments with the model but were not accomplished
 

because of time constraints. Meanwhile, it is believed that
 

extrapolating results from policy implementation during the
 

period 1966-1973 will produce legitimate predictions for
 

another future period, say 1973-1992.
 

Finally, throughout this study we have demonstrated
 

that a simulation model provides a useful experimental setting
 

in which policy makers and researchers can interact at different
 

stages in model creation and developmental planning. This
 

interaction is instrumental in redefining goals and policies,
 

and reformulating parameter values and interrelationships.
 

With different and improved sets of goals, policies, parameter
 

values and interrelationships, new experiments can be carried
 

on and new outcomes analyzed. This interactive, Iterative
 

process can and should continue until results are judged
 

to represent the real system reasonaoly well ana until decision
 

makers are satisfied with their goals and the display of pro

jections indicating the effects of following their various
 

development strategies.
 

In our case, each of the policy runs have projected
 

different outcomes at different time phases of the planning
 

horizon. These projected differences provide policy makers
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with some basis for selecting a prefered policy option on the
 

basis of tradeoffs among perceived values for the economy.
 

For example, if the perceived dominant values for the cattle
 

subsector during the next 20 years are farmers' income and
 

the foreign exchange generated from cattle exports, Run 11
 

(which has the high export target) may be preferred. On
 

the other hand, if a perceived paramount value is government
 

revenue, Run 5, whic' gives the highest annual revenue and
 

accumulated funds for government, is the logical option. How

ever, if the dominant value is to ensure consumers a higher
 

availability of beef, without impairing farmers' and
 

government revenues, Run 6 (with the reduced interest rate
 

feature) would be recommended. If the objective were to in

crease per capita consumption of beef up to or above the
 

recommended nutritional requirement of 28 kilograms, the
 

selected option would be Run 16 (with the non-Costa cattle
 

modernization feature). But this run, even though it
 

maximizes foreign exchange earnings from cattle exports,
 

seriously impairs farmers' and government reverues. Hence,
 

in this particular situation, the tradeoffs are between a
 

loss in government revenue and an increase in output and
 

personal income of farmers in the cattle economy; and
 

betweer an Increase in beef consumption and a loss in foreign
 

exchange generated from cattle exports, government revenue
 

and farmers' income.
 



CHAPTER 13
 

SUMMARY AND CONCLUSIONS
 

Introduction and Summary
 

Colombia, as many other developing nations, is facing
 

a new pattern of food scarcity in the decade ahead. The
 

increased demands of' her rapidly expanding population are
 

added to the impact of rising affluence on demand for food.
 

To meet domestic needs and take advantage of world market
 

opportunities to increase foreign earnings required to support
 

development, Colombia must make a great effort to encourage
 

agricultural production, particularly the output of the
 

protein-rich food which is in greatest demand.
 

With vast natural resources suitable for cattle pro

duction, this industry has the potential for becoming a lead

ing sector in the Colombian economy. To this purpose the
 

Colombian government has committed resources for preparing
 

and implementing a nationwide plan aimed at the development
 

of beef cattle production. With about half the cattle popula

tion and with a regional comparative advantage for grazing,
 

the Atlantic or Caribbean plain of Northern Colombia is re

ceiving most of the development effort.
 

With the preceding considerations in mind and realiz-

Ing the experienced unefulne:os of the systems simulation 

:1l)I~r'c)a(!I1 Iii uveii, il' i's',I%mariy ' t.*Lht' comjl)lxItLe:: or devolopment 

3140
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planning, this dissertation developed a simulatlon model
 

which: (1) focused primarily on the production of cattle
 

in the six departments of Northern Colombia (the Costa)
 

that include most of the Atlantic plain, and (2) included
 

only rudimentary considerations on the related production
 

of crops. The model thus developed is capable of exploring
 

the ramifications of the proposed government strategy and
 

their resultant interactions and feedback effects.
 

This study is divided into four parts incorporating
 

basic background information and material relevant to the
 

model building and analysis. Part I describes the general
 

problems of producing cattle in Colombia and the physical
 

and economic setting of the Costa region, discusses the
 

Justification for using the systems simulation approach,
 

and finally sets the model's specifications and procedure.
 

Part II details the five components used to simulate the
 

production of cattle which: (1) allocate land use accord

ing to the farmer's perceived profitabilities of cattle and
 

crops subject to land and capital constraints; (2) calculate
 

the yield and output of cattle and crops and their respective
 

producer and market prices; (3) provide the instrumental
 

linkages for the government revenue, export trade policies,
 

and production campaign policies; and (4) generate the
 

performance criteria necessary to evaluate the impacts
 

of alternative programs on the cattle economy through time.
 

Three major policy entry points are considered; production
 

campaigns can be specified, cattle and property taxes can
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be levied, and export targets and incentives can be regulated.
 

Part III discusses data needs and methods used in dynamic
 

system models to determine the correspondence between the
 

model and the system being represented. These methods in

clude sensitivity analyses, tuning the model to track recorded
 

time series and general validation procedures. Sensitivity
 

analyses not only reveal logical or theoretical inconsistencies
 

but also can provide an indirect way to test policy options
 

and suggest data collection priorities.
 

Part IV demonstrates the model's applicability to
 

policy formulation. Chapter '2 analyzes the results of
 

21 runs that examine combinations of policy options which
 

have recently been considered in Colombia.
 

Salient Features of the Costa Model
 

In this summary some of the salient features of the
 

Costa model are discussed. Then some policy implications
 

and areas for additional research will be discussed.
 

First, the model is mathematical. With a mathe

matically formulated model, assumptions about behavior,
 

technology and institutions are translated into the universal
 

and precise language of mathematics which makes them relatively
 

explicit and open for examination.
 

Second, the model is operational. That is, it is
 

a computerized model and can be operated without much dif

ficulty and at very low cost. Using an operational model
 

lu a major step forward In the task of modeling sectorial
 

and/or regional economies. Experiments can be performed and
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new improvements in the model introduced If needed. Re

peated runs using refined data and structural relationships
 

Improve the model's representation of reality and its over

all performance. Without an operational model, it would be
 

difficult, if not impossible, to accomplish these ends.
 

Third, the model to a large extent is data based.
 

That is, many of its relationships have been formulated and
 

tested using actual data. The model's outputs can be checked
 

against actual data. These points are important because the
 

degree of confidence we have in a model depends to a great
 

degree on the extent to which it is able to explain past
 

variation of variables and to predict future variation. As
 

discussed in Chapter 10, when regional data are poor in quality
 

and quantity, vast data requirements make the task of formulat

ing and implementing a model with measurable quantities
 

particularly difficult. Although models can be built even
 

when information is poor, the system simulation approach pro

vides means for dealing with the data problem by indicating
 

where improved regional information would yield high returns
 

in terms of a better understanding of regional phenomena and
 

superior models.
 

Fourth, significant steps forward are made in the
 

modeling of cattle demography. Three age cohorts for females
 

and two for males with age-specific birth rates and age-sex

specific death rates, sale rates, transfer rates, and
 

disease treatment rates have been employed which make the
 

model's outputs change in extremely significant ways in
 



response to changes in the age and sex distribution of the
 

cattle population. Such changes feed back in the cattle
 

demographic component through time delays and induced
 

behavioral effects to influence the pattern of cattle popu

on.
lation development that produces further changes, and so 


Those endogenous interactions between cattle demography
 

in the process
and performance appear to be vital elements 


of regional economic growth.
 

Fifth and last, although the model as presented here
 

implementation, it
needs further work and is not ready for 


affords a good example of how the system simulation approach
 

provides an analytical framework within which researchers
 

and policy makers can interact while fornulating alternative
 

cattle policies. We were specifically interested in evaluat

ing the long-term economic impact of modifying cattle prices
 

through exports, revising tax policies, and the proposed
 

government production campaigns to expand cattle production
 

in Northern Colombia. Crop improvement and export policies
 

were included as a secondary objective.
 

To this end, the computerized cattle simulation model
 

provided a very useful and a convenient means of predicting
 

and comparing the outcomes of various combination-; of cattle
 

programs and policies. Based on the predicted time paths
 

of the various performance indices of the cattle subsector,
 

the merits of various policy alternatives were discussed.
 

This capability of the model to project the time paths of
 

can be used to give the policy
various performance indices 
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maker a clear picture of the range of possible outcomes
 

of each proposed policy.
 

In addition, policy makers not only benefit from
 

the analysis of potential policy results but also from the
 

process of formulating the simulation model itself. Planning
 

officials taking part in the model development process are
 

forced to specify, examine and study their assumptions, data
 

sources, underlying interrelationships and impact of' each
 

policy upon the model structure and parameters. Thus the
 

planners may refine and improve their decision process and
 

the information used in it. As the process of simulation
 

model development and experimentation proceeds, both re

searchers and planners gain greater insight into the mechanisms
 

and likely patterns of change within the system being modeled.
 

Further, the decision maker can play a more active role in
 

the experimental system by making exogenous policy decisions
 

at the end of any time period and allowing immediate feedback
 

on the results of alternative decision patterns and policy
 

choices. This iterative process involving close interaction
 

among decision makers and system analysts engages decision
 

makers in investigation activities that lead them to perform
 

as researchers aj well. Hence, the simulation model becomes
 

not only a valuable analytical tool in helping decision
 

makers in their planning, policy formulation, and program
 

development activities, but also an educational tool that
 

enhances their planning capacities [28].
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Policy Implications fron Simulation Experiments
 
on the Costa Cattle Economy
 

There are six major inferences from the simulation
 

experiments which may throw light on questions of public
 

policy concerning a cattle development program. First,
 

investments in government disease control programs are
 

justifiable since the projected cattle output, given the
 

same model assumptions, was higher when improvements in range
 

and herd management were accompanied by disease control in
 

the traditional sector. Nevertheless, long-run assessments
 

of the pay-offs to "traditional" farmers require a more
 

accurate accounting of costs with and without the extended
 

treatments.
 

Second, measures aimed at improving the profitability
 

of modern cattle alone are the most effective in encourag

ing cattle output and increasing farmers' incomes and govern

ment revenues. Easing the debt burden, particularly interest
 

payments, had the greatest long-run effect on all performance
 

variables. Although credit has been considered crucial
 

for development, the results point out that farmers' attitudes
 

constrain the use of capital resources to a point that in

creased credit funds went largely or totally unused. The
 

pay-offs of "educating" the farmer, demonstrating the profit
 

opportunities of the new practices and creating a socio

economic environment amenable for investments seem to be
 

very high. Further, the profitability of the cattle sub

sector relative to other sectors in the economy must be
 

carefully considered if capitalization of the former is a
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preferred goal. Otherwise capital will likely be diverted
 

from the cattle subsector to more profitable sectors of the
 

economy.
 

Third, increasing the domestic price level of cattle
 

by increasing exports from low to high targets is not by
 

itself an effective tool for expanding cattle modernization
 

While it is true that higher prices greatly inand output. 


crease farmers' income and wealth, they also have the effect
 

of curtailing the incentive to modernize by reducing the
 

profitability differential between traditional and modern
 

to be enhanced
practices. Consequently, if modernization is 


expanded revenue, it is
by taking advantage of the farmers' 


necessary to implement other policies that would increase
 

tradithe profitability of the modern operation relative to 


tional. Yet, when total Colombian cattle output is greatly
 

expanded because of developmental efforts in the non-Costa
 

regions, the simulation analysis indicates that a pricing
 

policy through the export market is crucial for sustaining
 

modernization and preventing farmers from incurring heavy
 

income and capital losses. Likewise, government revenues
 

would not likely be improved because of farmers' higher
 

income unless there are more effective ways of taxing farmers.
 

on cattle are the main sources
Fourth, special taxes 


of government revenue (not including income tax). Cutting
 

off cattle taxes, in addition to removing this source of
 

revenue, has the same counteracting effect on modernization
 

as price increases (discussed above). However, any loss
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In government revenue that might occur from cutting off
 

special cattle taxes could be compensated by more effectively
 

taxing the farmers' increased income and the asset value of
 

their land; or by taxing their increased purchases of pro

ducer and consumer goods. Although increasing taxation on
 

land has, from the point of view of government revenue, an
 

equivalent effect to levying taxes on an expanded cattle
 

population, the likely allocative effect of land taxation
 

makes it a more preferred policy option. These results
 

suggest the need for a careful reassessment of the taxing
 

policies toward the cattle subsector and the consideration
 

of alternative policies that will not impair government
 

revenues and will not interfere with the allocation of re

sources on the farm.
 

Fifth, if improved cattle production is to be used
 

to bring some sort of redistribution of income in the region,
 

farmers are not
it is a requisite that the medium and small 


left behind in the modernization effort. Alternatively,
 

a change in the pattern
modernization might be accompanied by 


of land ownership that prevailed in 1960. According to the
 

of that year, three-fourths of the cattle
agricultural census 


less than 100 hectares; they controlled one-fourth
farms were 


of cattle and had an average inventory of less than 50 head
 

of cattle [111].
 

Finally, the world price of beef greatly affects
 

foreign earnings. It is, therefore, very important that
 

secure the highest world price for exports.
the government 
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This can be attained by exporting high quality dressed
 

and/or processed beef to bring higher prices in inter

national markets. In addition, this measure might increase
 

the Colombian value added of exports with spill-over effects
 

on the economy. The policy experiments show that the profit
 

margin of cattle exporters varies according to domestic and
 

world price conditions and measures affecting the effective
 

rate of exchange. The combination of a fluctuating exchange
 

rate and an export subsidy seems to give an ample profit
 

margin to exporters. This suggests that the subsidy could
 

be adjusted periodically based on cattle and foreign exchange
 

market conditions. An appropriate exchange rate could main

tain a competitive edge in international markets, thereby
 

eliminating or reducing the need for large transfers from
 

public revenues to exporters. Since cattle exporters com

pete with suppliers to the domestic market, the foreign
 

earning targets set by the government may affect the nutri

tional levels of the Colombian population. By the same
 

token, exports have a regulatory effect on domestic prices
 

that in turn affect incentives to produce.
 

Improvements and Extensions of the Model
 

The simulation of dynamic human systems is a pro

cess of trial and invention that can never be completed.
 

Each simulation result teaches and prompts additional ques

tions leading to an iterative procedure that helps sharpen
 

data and verify structural and causal relationships. It
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also may disclose problems in the original formulation of
 

goals, feasibility and methodology that might need refine

ment and reformulation. Revisions may also be required by
 

the changing needs of planners and policy makers. The extent
 

of these experiments and changes demand costs that must be
 

weighed against the expected returns of increased model
 

accuracy, flexibility and relevance before a decision is
 

made to proceed with the modifications.
 

A number of areas in the current Costa model need
 

further attention in order to improve its performance.
 

These are discussed below. Experiences with other regional
 

models [l, 27, 53, 62] have suggested possible extensions to
 

enable it to better address some of the major problems of
 

economic development. These will also be discussed.
 

Needed Improvements in the Model
 

There are several aspects of the Costa model which
 

need further development and verification. First, it is
 

not certain that the model of the domestic cattle price
 

mechanism (Equations 6.39a and 7.2) adequately or even
 

realistically represents the actual operation of that market.
 

In particular, the pricing of cattle other than finished
 

males is an oversimplification of supply and demand for the
 

various sale groups. Furthermore, the link between the
 

Colombian market price and the regional market price is not
 

clear since regional prices are sensitive to short-term
 

fluctuations caused by seasonal changes in pasture yields.
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not
In addition, the supply response to price changes is 


yet very well understood. Since the model is fairly
 

sensitive to cattle prices, further research and eventual
 

modification of this aspect of the model may be indicated.
 

A second area that could call for further work is
 

the simulation of cattle demography. Although the use of
 

different demographic groups is an improvement over previous
 

regional cattle models [51, 53, 55] a further step could
 

be to calculate the productivity of each age group relative
 

This will permit more precise
to the feed resources consumed. 


computation of feed requirements and total herd productivity
 

(kilograms of gain per animal-year). The latter will enable
 

the model to estimate the nutritional contribution to the
 

Colombian population more accurately.
1y If policy makers
 

an area they would like to investiand planners feel this is 


gate more fully, revisions of the model will be necessary.
 

A major feature of the model which needs theoretical
 

and empirical verification is the modernization decision
 

mechanism (Chapter 5), particularly the value of parameters
 

that determine the adoptors' behavior. A development program
 

taking place currently in the region and resembling that
 

described by alternative 2 (improvement and sub:;titutlon
 

an
of artificial pasture for native pasture) provided both 


empirical base for assigning values to these and other model
 

parameters as well as Justification for focusing the simulation
 

!/A detailed demographic model of this sort is dis

cussed by Johnson et al., in [48].
 

http:accurately.1y
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experiments on this alternative. Yet other alternatives
 

including forage crops, though with greater impact on the
 

model's output and performance, were disregarded because
 

of inconsistencies probably arinsing from the simulation of
 

farmers' behavior in the face of the higher rlsk and un

certainty involved in these alternat6.vez. Additional
 

research is necessary to better understar.d the nature of 

this problem before further modellng, work can be done on it. 

Another unrealiztic aspct of the dec!slor mechanism 

is the assumption that cap!tal is employed at a !,, :)pporltunity 

cost in cattle production. This does not effectively represent
 

the capital market in Colombia where transfer:- of capital out
 

of cattle farming are certainly occurring w!.th the subsequent
 

effect of impairing the farm improvement effort. It also
 

seems unrealstic that the private capital constraint on
 

land modernization decisions (Equation 5.41) is practically
 

inactive during most of the simulated time and only becomes
 

effective toward the end of the simulation period when con

sumption expenditures are greatly increased. It is more
 

likely that the capital outflow effect discussed above
 

coupled to the demand for capital to buy cattle on an
 

individual farm basis, which is not in the model, would
 

put an earlier constraint on land modernization decisions.
 

Other constraints, which are not in the model at
 

all, are the allocation of commercial credit through the
 

banking system, the availability of labor (including
 

management) and the availability of other inputs (fertilizers,
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herbicides, seeds, and drugs, primarily). Thus, it may be
 

to be implemented, to give high
desirable, if the model is 


to modifying the model to realistically reflect
priority 

actual input constraints on land allocation and production 

decisions. 

Related to these pos:Ihle ....-.o" orings of' the model 

are the problems of inve:;'.orig aiid di,;.n.veting and the genera

tion and us;e of fart-prcuced c;pIL'al. The forme:- I.; : 1,proxi

mated in the model by the lan'l modernization and re .. ion 

,ani "the ree:. t ormechanism:; of "" " ,:,:; 30 a . 

.ncr.'edor Ye(,:-U(C :,irrysale of ca. " accom~panyini , tthc 

'' .- Yet,Ing capac1 ty r.(,ut, about by thece lan... 

to-:he' problemsas pointed1 out by john:;on 147], a solutlon 

needs more development in economic theory co:.c'r'.It; user 

many u .' proJuctivecost.; which partially determine how 

In tne
services ar. generated from fixed 'urab.e i:rputs 

intricate process of agricultural growth, change, and/or
 

deterioration.
 

Two examples of uther structures of the Co:;ta model
 

which may require further verification are tie on-farm re

response and the living expenditure:; du:,;tnto
source use 


.c uatlon
mechanism. First, it may be questlon:d •h 

6.36, in assuming the functiona reIatn... . 

Figure II.7 between the perceived relatlvt, ;rc'itat;ii'tY 

differential of traditional and :.oJ.rn ca'tl:eOr, .ne one
 

hand and, on the other, the extent to which farmers make
 

http:co:.c'r'.It
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use of their on-farm resources, realistically or even
 

adequately determines their preference function.
 

Secondly, further information may Indicate weak

nesses in the formulation of living expenditures, particu

larly if disaggregation by income group.; In accomplished.
 

Likewise, this formulation doe: not model income effects
 

on consumption brought about by change:; in the real income
 

of farmers.
 

Finally, this model may always be improved by re

fining the data that go into it and by a closer interplay
 

among specialists from related disciplines and policy
 

makers.
 

Extensions
 

Seven additional ways in which the Costa cattle 

simulation model can be extended for policy analysis will 

be listed here. First, It should provide a more compre

hensive basin than it currently does for analyzing govern

ment revenue and budget expenditures for agricultural moderni

zatiorn prc':'r:;. .he pre:.;ent ;:;.od.el 'a:; not t1:o, nr" built, 

to generate the effect ()I a r: I'.ied Ito..-.,: and weal'!; 

tax for cattle preduce. .:!,o:;e eTic.ency could be compared 

with alternative conlupt on, a:nd and :;pectIal taxe:;. 

Likewise, the pre:sent r;odel did not provide comprehensive 

grounds for balancing and allocating the government budget 

for different modernization programs whether on a regional 

or national basis.
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Secondly, to discuss meaningfully the distributional 

impact of government policies on investment in production 

campaigns, exports and public revenues, and the response of 

farmers to these policies, the cattle subsector may have to 

be disaggregated by farm size. Since farmers In each size 

category have a different command over resources and their 

own beliefs and values, such disaggregation may be helpful 

in analyzing problems of income distribution, and in simulat

ing more realistically their decision making. It may be 

useful to further dI1:;aggrogate the region by ecological 

zones and to subcategorize the cattle industry by type of 

activity, i.e., breeding, growing, fattening, and their 

combinat ion:;. 

A third possible prob]em area which could call for
 

an exten:;ion of the mode) is the question of growth and
 

age distribution of the rural population. This is closely 

related to tho problems of employment, labor supply, and
 

pressure over natural resources, which In turn involve 

aspects ' :w;Cico- distribution, rural-urban migration and 

land owez '..,,l;, .'stribution. The dimension of income 

distrlut'o., a pervasive one in all development plans, 

would b(- an Important output criterion for evaluating 

alternative policies. 

Fourtn, as part of the process of improving the land 

use decision mechanism of Chapter 5, the crop subsuEctor 

may have to be disaggregated by competing commodities in 

order to determine a more realistic crop mix. This will 
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allow the more accurate simulation of the competition
 

between crops and cattle and, in addition, may suggest
 

policies toward improvement of individual crops and regional
 

specialization. Likewise, the model may be extended to
 

relax the constraint of testing each moO-"n alternative one
 

a time and include mechanisms for the adoption of various
at 


alternatives simultaneously. This may reflect more realis

tically the various responses of farmers with respect to
 

The two extensions suggested
profitability perceptions. 


here may have substantial impact on the performance variables
 

that could be of interest to policy makers.
 

to cattle price
Fifth, the sensitivity of the model 


changes suggests the need for including a semi-automatic
 

decision-making mechanism whereby the government export
 

one year depend on the interaction between
policies in any 


Export

the prevailing world and domestic price of beef. 


targets, subsidies and exchange rates could be set 
with the
 

aim at maintaining both a price incentive to producers 
as
 

well as a competitive position in international 
markets.
 

The major benefit of such a model extension would 
be to help
 

flexible governmental export policy which
 determine a more 


income and net government revenues
would stabilize farmers' 


from exports, given the fluctuations of beef 
prices.
 

extension of a technical nature men-
Sixth, one 


tioned in Chapter 10 Is running the model in a Monte Carlo
 

stochastic mode rather than deterministically. Although
 

there are various theoretical problems 
involved in the
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use of Monte Carlo techniques [1, Chapter 11] such stochastic
 

runs could be useful :in dealing with data problems and in
 

evaluating the relative stability and sensitivity of policy
 

alternatives in the face of uncertainty. Giving a proba

bility distribution to some of the data instead of a mean
 

value, it is possible to incorporate methods of statistical
 

sampling and inference into the outcome of the model. Such
 

statistics would permit the evaluation of ranges and dis

tributions of possible outcomes for different policy options
 

rather than point predictions of absolute output levels.
 

Finally, there are extensions on the scope of the
 

Costa model that would be relevant to policy makers in
 

their task of solving the problems of development. First,
 

the present version of the model can be easily adapted to
 

the other four Colombian cattle producing regions and
 

further integrated into a national subsectorial model.
 

Secondly, based on other experiences, it could be expanded
 

into an agricultural sector regional model or even a com

plete regional model including both the agricultural and
 

nonagricultural sectors. The experience gained from these
 

exten:;!ons and the information they contribute are of un

que-.;tlonable relevancy for development planning in Colombia.
 

Concludlrii Hemarks
 

We have discussed some of the shortcomings of this
 

study and have sugge-ted means by which they can be dealt
 

with in order to improve the model's predictive and prescrip

tive capabilities. As we have seen most of these shortcomings
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arise from data problems and from deficiencies in the
 

economic theory required as a basis for modeling many of
 

the activities found in developing economies [47J. The
 

shortcomings we have encountered, however, also affect
 

the accuracy of models built using simple, paper-and

pencil techniques, or the more complex and specialized
 

techniques discusued in Chapter 1. Nonetheless, we have
 

reasoned that th,! systems simulation analysis as used here,
 

with its flexible approach to many of the methodological
 

problems found in studying economic development, provided
 

an improved framework for policy, program and project prob

lem analysis.
 

It must be stressed that the Costa model yields
 

usable estimates of the consequences of following several
 

policy strategy alternatives over a period of several years.
 

Furthermore, the present work constitutes a major improve

ment over other cattle production studies made in Colombia
 

conas well as a useful contribution to the study of likely 


sequences upon regional growth of developing a leading agri

cultural industry. In the future, when more and better
 

regional statistics and research and more advances in our
 

knowledge of regional development are available, still more
 

correct
information could be introduced into the model to 


current inadequacies. The experience and lessons learned
 

like it will be valuable in
in the present work and others 


future modeling efforts.
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SUPOUTINE NUNDAT 
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PRIGE%, 

PRIGE, 

PAIGE% 

PNIG1, 
PRICr', 

PRIGE', 

PRICE', 

PaR~iet. 

PRICE', 
PRIGE% 


2 
2
 
3
 
4
 
s
 
I
 
7
 
&
 
9
 
I
 
3 
4
 
9 
6
 
7
 
I
 

to
 

2
 
5 
6 
I
 
a
 
9
 
7
 

it
 
12
 
13
 
14 
is
 
6
 
I
 
3
 

t9
 
2s
 
2
 
22
 
23
 
24
 
25
 
26
 
26 
2
 
29
 
30
 
31
 
32
 
33
 
34 
31
 
30
 
37
 
36
 
39
 
46 
41 
42
 
43
 
46 
45
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RETURN PitoIqi 47 
END pmlo, 47 
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SUIROUTI"i LANDAL 
COOMP /COMTRL/ 

LAMPAL 
ems 

I 
I 

C014PON /LAND/ TCL*TTGLoTTOLL.TT3LUI.TTOLUI#T$Llrio 
COS 
LAND 

a 
2 

LAND 3 
TLCQL*VLCIU@TLCOUP#?QL$r*TGLUiP#?LrCoTLC& L4000 6 
XOIORI#020PR20FORCRM;:L"@RL"IDPLCNU&AVNIOAUX3e 
Ag"10AAR20ARA30A90c9s %CPLPT.XDEL.RPb@0Ql 

DIMENSION CaOUT4(3)eCll0VTjj(6).VAL49(9) 

LAND 
LAND 
LANDAL 

I 
6 
9 

DATA AL2.C2 49#CPDI.CL2 / @03# 1# le *9 
DATA VAL49 / 2ilec.0 1852:.# 8990.0 7660., 50ii. 

LANDAC 
LANDAL 

6 
? 

DATA DEL4#DSLli 11.9s 10#1 
DATA DEL15,I)ELL6.1'EL17,0418 / 499. 1 
DATA K4,Klj'.K49'DIrr49sl44LL49/ 3* 6@ 4s is. 6. 
DATA ?LrCOTGLsrO.TLDRNLe / tdi?3jo 313799os*, 3137 so 

Cud 
LANDAL 
LANDAL 
LA QA 

a 
0 

to 
it 

DATA TLAVLO;TLAVUCI*TLAVJ02 / 93330J.. 2169066;0 16;6110111 1 LA:DA6 is 
DATA IDEL.RLDRN:RLC*L I Is# 4S00* cud 9 
tr(T.LT,?"0 00 T5 20 LANDAL 16 
TRSL a (xRl*R2aRL")0XD1L LANDAL 19 
Ed a 1. LANDAL Is 

Etc a 1. 
LANDAL 
LANDA4 

ty 
to 

ir(RTGLUI.LT.6..ANI).TTQLJIsQT.DTO(eR?06UI)lelislt LANDA. to 
E14 a 1. LANDAL 20 
ir(MYGLU2.Ly.d..AND.TTGLJ2.OT.Dye(-RTGLV2))11460%
VLMODI a LANDA-. 

LANDAL 
2% 
22 

1 TL"0Dl/Y:LL)- fgWs i.) LANOA 23 
TLHOD2 a AMAII(AMINI(TLP,302*DTo(RLM*TOLJI/TQLoTLPIODI*PRI*RYOLULO LAWDA;. 2f 

1 Eje*TL"0n2/T;LUl)* TGLJl)f 0.) LANDA 25 
TLMOD3 8 AM&Xl(AMlhl(?Lm3D3*DT*(RLMOTOLU2/?OL-TLM0030PRtORTGLUZO LANDAL 26 

1 E14eTL"0t3/73LU2)s TGLV2)* 0.) LANDAL 2? 
TLMOD 0 TLM0Dl*TL"0r2*TLA003 L00A 28 

20 CONTINUE LA N DAL 29 
TLAVL TLAVL-(?LAVL0-%AVL)eDT/DELl9 LANVA4 30 
TLAVUl 8 TLAVUI*('LSVJOI-TLAVUI)*D?/DELL6 LAWDA 31 
?LAVU2 a TLAVU2*('LAVJC2-?LAYU2)olTtD6L&? LANDAL 32 
QLrC a AL2*?LrCi*FxP(ALZOT) LANDAL 33 
?LrC a ?LrC*Dy*RLrc LANDAL 34 
TLrCU CZ499?LrC LANDA 39 
CALL DELAY(OLDRI..&UTI.O.C40UTII.DELII#I)Y*Kit) LANOA 36 
TLOPIN a A"IP.(lLD*ij9DT9AJXlO* TLDRNLOJ LANDAL 37 
TLFCL s 
TLOAN a 

Aml%!(TLF:-TLrCu, TLAVLO*TLOR4) 
2006C. 

LANDAC 
LANQA 

39 
30 

jr(Y.GE,6.)?LPA4 a TA9LIE(VAL49*SMALL49soirr4g.Koo#T) LA DA 48 
ALNOL a TLAVL*?Ll)PN'T4FC,-TL9AN LA:DAL 46 
TLCRL a A"j,.1(TLC0L*DT94LCRL# ALNOL) LANDAL 42 
TLCQLR 9 !LCRL*TLPl% LANDAL 43 
TGLLP a TrLL LANDAL 44 
TGLL 8 A4Axi(TLAVL-fLrCL-TLCRLRt j.) LANVAL 49 
RTGLL a (TGLL-?rLLP)/P'f LANDAL 46 
!GLSrl 9 TGLSFl*(TGLSrO-1GLSFl)*DTlDELll LANDA1. 4? 
TGLSr a TGLSrl-?LPR% LANDAL 4S 
?Lrculp a TLrCUj LANDA 49 
TLrcui e Am1hj(CFm,#TLrcjs TLAvvil LANDAL so 
DLFCVl 0 ?LrCUjqTLFCUlP LANDAL % 
ALNDUI 8 TLAVVlvTLrCUL LANDAL 92 
AUX4 a 0. LANDAL 93 
Jr(RLCRU.LE:O.)AUX4eCL20OLrcvj LANDAL 94 
TLCPUP 0 TLCRU LANDAL 99 
TLCJlU 0 ANATI(Amiml(TLCOUeAUX4*0?*(AUXIOAUX3$*s ALNOUI)a 0.1 LANDAL 56 
TGLUIP 8 TGLUl LANDAL sy 



TGLUI a ALNDUI-TLrRV LANDAL so 

RTGLU1 6 (y4LVl-T!%LVlX)/DT 
CALL DELAT(&Vll*.A.112.-^RUJT4.DEL4#0y*RdI 
TLrCU2 8 TLAVW*) 

LANDA4 
L44CAL 
LANDA4 

so 
66 
61 

TCLu2P a TOLU? 
16LU2 s TLAVUI-tLrCU2 
RTGLU2 a (T1L112-yV2*I/JT 
TLCC 4 TLCRLW-TLCOU 
TLC 4 ?LrC*TLCC 
?GLU a TGLUI-TGLU? 

LA:DA4 
LA DA , 
LA:IA 
LA DAL 
LANDAL 
LANDA 

61 
63 

66 
6? 

*GL 9 TrsLL-TGIU 
fTGLL a TGLL-TLHOMI 
TTGLUI 0 1GLVj-TLw0r2 
!TGLU2 6 TGLV?-TLNUP3 

LANDAC 
LANDA.. 
LANIAL 
LANDAt. 

60 
69 
70 
71 

TTGL a TGL-?LP'C'I-TMSL LAND&. ?a 

'TGLN a 7TGL-T(ASr*cq 
TGLR 9 YCL-T(-t-SF-'9 
!r(IPPf1'dT.LT.!)wETUwf-
PRINTS93.T 
PRINTV:).&L*-rL.TLAVL-AL'fDvl#TLAVUI$TLaV;i2.TL3itN-TL9AN 
PRIhT934.TLrCLfLrCvlTLFCU2,TLrCi.TLrC*TLCRL.TLCRLMoTLCRU&TLCC# 

TLC 
PRlht9l6.TT;LLT7nLVI.IT;LU2.TGLW#TGLTTQL.TGLsroYo6R 

LANDAL 
LANOA-' 
LANDAL 
LANDA, 
LANDAL 
LANDA-
LANDA. 
LANDAZ 

73 
74 
75 
76 
77 
78 
it 
as 

PRINT924.P't)LL-1"f LJ'-#HI;L62#RLfC#AUXZ*AU14#AUX&O LAN:A. 

PQlNTv3jCROuT4*.CQOVTII L&4:A. 

Jr(T.LT.YMO!!)NETU2p, LA4UA 

PRINT956,TL"OryLworl.TL430?.TL4033-TQSL.TGLL.TGLUI.TGLua.?GLR LAN:)A6 

kETuRli LANDA. 
ago rORKAT(36H4^i.TP )1 CF SoI4301NE LA40AL AT Tj",.r1,2) LANDA. 

900 FOkMAT(IwO.Qx.5l'AL,,r..71.5i-TLAV.#?X.6nALNDIJ . 6 , 6wLAVUio6X. LANDA 

I 61 TLAV, 2'. 61r. !-POLuolh. 71. SwTLdAjj-4o,9x, ?(Ell q4 # Ix I I LAND&, 

goe rOMPIAT(!m:,Ox.5-'.$,'L.7x,6p4TLrCjlo6X@$MTLrCu2o6X#SMyLrCUolo LA 11DA. 

I 411TLrC.ex.a,41,1. L.?X.6,iTLC;tLA.6X#SmTLCRU#?X#4"?LCC*Gwo LANDA. 

2 3mTLC/1FfZ.9X.ICjtjj.4jjj)) LANDA 6 

916 rORMAT(lo-0,9X,5l,*TGLLo7R.6mTYGLJI*61(.6MTTGLU2,6Xo4MtGLU',$Xo3myGLo LANDAL 

1 9X.4wYTGL.Fk)L,5"TUL$r.7X.5MTYGLR/'.W4,e),.IE12,4) LANDA. 

924 rOkMAT(IHC.9X.5mkTCLL.71.6m4Tr LJl,6X-6"Ryc,.u2"061#4maLre'.6x#4HAVX2# LANDAL 

I LA4UAL 

at 
82 
63 
84 
IS 
86 
47 
as 
so 
to 
91 
92 
93 
96 
95 

930 rOMIdAT(IH:,9X.6"CQOV74.3nX,7,4CROUTII/iNo.gX.9(Ell.$.Il)) 
950 FORMAT('.HO,9x-5-!LttVU,7x.6mTLP4oDls6Xs6MTLAOD2 6Xt6WTL14OC3*$Xo 

I 4MYNSL.ex,4HIGLL,6lsSP47GLVI*71.SP4TGLU2.7x#4NT4LRIINO#llo 

LAWDA-L 
LANDAL 
LANDAL 

96 
ty 
of 

2 9EI2:41 LANDAL 99 

ENTRY LAPiSET LAWDA III 

C LANDAt. lot 

C VALjkS rD" LAND ALLOCATION LANDAC 102 

C LANDA lea 

TLAVL a LANDA4 104 

TLAVU1 m 1770729. LANDA les 

TLAVU1 a 1293CI7. LANDAL 106 

TGLSF1 6 a-TGLsro LANDA ' III 

TLDRN 9 C. LANDA I$11 
'LOAN a 2CQ C. LANDAL jet 

TLCRL a C*4 6 
TLCRIJ a 28liCJ. CW4 7 

IILCPU a 3500. CW4 6 

!LFC 9 10173C. 
.LrCU1 a 4:915. 

LANDA 
LANDA 

113 
114 

%C a TL9AN*TLCRL*TLC4u*TLrc LANDAL 119 
YLMOD 0. LANDA 116 
T0!OD. C. LANDA4 117 
TLMOD? 2. LANDAC its 
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'LMD3 S.LANDA. 119 
TRL C. LANUAu 120 

YGLUl a 14717:0. LANDA. 121 
YGLW a 1252325. LANDAL. 122 
'GLL a 31ga6*4. LANUAL 123 
*TGLUI a 'Gl.Ul LANDAL 124 
77GLU? 9 YGLU? LANDA1. 1:5 
*TGLL a TnLL LAN.A,. 176 

RTCLUI o -A637. ',AND&,. 127 
IETGLUe 0 -1,*37. LAPIDAL 121k 
AYGLL 0 *1Cj 76. LAND&,. 129 
T
GL * Y'LL.?GLUj-TGLU? LANDAL 130 
TGLR * GL*.CI.SreCC LANDAL 131 
'YGLR *TG.LQ LA'IDAL 132 
AUll * . LANDAL 133 

AU? C LANUht. 134 
AvX3 7coo: LANDAL 05, 
P02 s C. LANDAL 106 
k2 C. LANA.., 137 

RLM 8 C LANOAL 130 
XIk1 * LANDAL 139 
CROUY4(11 a C LANDAL 140 
CPOUT'(2) s C LAMMA. 141 
CDOUY40.) a c.LANDA. 142 
10 99: l1.A LANDA,. 143 
CPOUI?1(I1 a 271::. LANDAL 14 

990 CON?1LC~ L4,NDA. 145 
b~tYUW' LfthDAu 146 
E.;D LANOAL 147 
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Sullsoulikk AG10hOD AGPROO 2 
COMMON /ACCOUN/ DQLAT#AOLAT#ACLAT*VLADiDT#VLDYYToTAXCItAOSuT. ACCOU'i 2 

I I)OL&N-AIILAM.ACLAM*VLA-IC-O.VLt)?114.TAXCM-AGSUM. ACCOU', 3 
2 :)DLbVUL:4V.rARmIC.DiToliS.DCaDT.PCStOT-EIPLIv.4:rm# &CCOU% 4 

3 ALPPI.TtC.TCEC.TRIS;.3.Tr.TLFP.CPLrRINT,014TL# ACCOU-4 s 
4 CRELT.DIR.CZ')0.1.253.C254-LTI-LY2-L?3,CBS14#CST2"s C-07 & 
9 EPCRPJ,-CqOPU.PCRIPL.Pr.'ROP. ACCCUlq y 
A EvLrCj.ILDCtJ.YLDCL#TLDF:-DYLDCU.CyLnCL#tYLOfC ACCOU14 0 
REAL FfCFk ACCOUV 9 
COMMON /CATTLE/ PrGTrE"',Prp-..op !,-,P.ptTI)pCeT.ynpt)PR, CATTLE 2 
1 prt;o. PrP.I.P";-,Pmr".TopCpp#.VACAPLAUXL12, CATTLE 3 
2 SLrfwf. .LS.ICT.S).irl,,6;'LT.SLSPY-SL5PTPrEo4S.^T. CA"..f 4 
3 SLF R".!PLSCCHIS3L.,r'-S.S"L".SLSPpqSvPROrEPSCm. 'ATM 5 
4 polr.TTwPrPTT.pPm TTPP4PTT.PprG?04, CAT'Li 6 
1 POrPy,$, 0,(Gtp$,PPMPT,4.RF:TTRFPTT, CA!'LE 7 
6 WNGTT.kmPTTRrGfmRrP!PQmrTH.k"PT". CATLf a 
7 1 np;f. I D-W . fi)*.Ptp I '!,t"P. TO It A bt.Pal AV #C.9'4tC14T*PrL ACT, CATTLE 9 

YidATDA.PAP.PAPP.PRAT.EXPLV4EXPL.CT202'IC214OC244 CATTLE it 
COMMON /CONTRL/ T.E)T.DLg.lRj4.bEGAQTpQfCm .PPYVLI.PRTVL2.IPRI-4y. COS I 

I MAL*TwCU.TD3 C05 2 
COMMON /LAhD/ Tf:t#TGL.TTG6L.'T-;LJI."aLL.?.TGLSro. LANZ 2 

1 TQSLTL"30-tLNCDI.7LMDC2,TLNOD3.?TGLRYGLRs LAND 3 
2 T-.CQ6.TL.-RUTLC:I,;P.*G Sr.TGLUiP-TLFC.TLC. LAND 4 
3 XDIP!,w2.P'12,PDRC'#M.R-".PLMI.RLCRUAUTI.AV13, LAhC 5 
4 AGMIAN"ZAQ-13.A5.C).,.RT-CPLPT.XDELoRPTw*GRE LA40 6 
DATA COOti.C()Ctjl*.C!.ul.CGu2 / 3.48. 1.16, 5.. 1.7 / AGPROD 7 
DATA CGOL.ClCLl'.Cl&C.L2 / 3.8# 1.26. 5.1. 1.7 / AGPROo 8 
DATA CS.C7.,-9.CiC.C22: / c:3. 1.16t .55#2.8# .21 1 AGPROD 9 
UATA CPLPT.GPF.TPiD.':hS; .45* .74#7.4. .2343 AGPROO 10 
DATA Cr3.CG4 / 3.3. i.16 / AGPRO: is 
UATA Tpi0:)C. Et8'-OrL9'0LL.: JC6.. 39S. AGPOOD 12 
CGO a (CG:t;-(TT,^-LJI-TTGL.'Z)-CGcL*TT3L4)/TTGL AGPROD 13 
CGOI 0 (CG: jl-tyTnL'jl*yt;.U2)-C306!*TTGLL)/YTGL AGPAOD 14 
RCON 8 APAjj(kC0N*D?9.5*(lRf-GkE)# J) AGPROD Is 
104TG R,-C*-*(C4:,CPLPT*!T.L-CG:10(&.-CPLPT)*TTOL) AQPROO 16 
TDNRE C7*!!223-(TLCPJ 'tLCQL) AGPRnO 17 
TDNSF TGL-ZS-C9*%C AGPROD to 
TCNT 0 TCIiTS.TD*-AF*T3%sl AGPROD to 
FyLDCU 2 EV.DCU-(VLr)CJ-t".D.'J)*DT/DELS AGPROO 20 
jr(T.LT.T"OIC)G^ To 3: AGPROD 21 
TLDCu a YLDZU-(-"TL:)CU-YL:CU)&0T/DEL9 AGPROD 22 
YLDCL a YLDCL-(!)TLOCL-TLDCL)*CT/DEL9 AGPQ0O 23 
YLDrC a YLDrC-(0vL3rC-YLCrC)*DT/DELl6 AGP40o 24 

30 CONTlhuE AGPROO 25 
Jr(T$LT.Tl40l)G0 11 20C AGPROO 26
 
T0414P a TDw AGPRO* 
 27
 
lr(TLP-OD.LE:0.)33 TO 40 A0PROD 2$
 
CGI a (CGU19(TLmOI29TLI'ODS)*CGLI*TLPIOOI)/TLMOI) AGPROO 29
 
CG2 a (CGU2*(TLhOI29TLPI.UD3)*CGL2*TLIqGDII/YLMDD AQPROO 30
 
Go TO 50 AQPROO 31
 

40 CG1 a CG2 a C. 
 AGPROO 32
 
50 lF("AL.EJ.2:CP.-AL.FO.4)3O TO 40 AGPROO 33
 

CGA a CGj*CPLPT*CG?*(j.-.PLPT) AGPRO3 34
 
CTA a lG3*CvLPT&C54*(l**CPLPT) AGP*Oa 39
 
Go TO i60 AQPROD 36
 

80 CGA 0 CGI &QPROD 37
 
CYR a CG3 
 AGPIROO 31 

1#0 lr(MAL.GT.2150 TO 140 AGAPPOO 30 
TDNM a CGA9TLmOD*CTft*tP3L AGPAOD 40 
Go TO 200 AGPROD 4k 

140 jr(TLKOD#TRSL.LE.C.IGD 10 145 AGPROO 42 

http:CGOL.ClCLl'.Cl&C.L2
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AGPOOD 43
YnNG a (CGA*TLPODOCTA*YNSL)/(TL401*TRSL) 

AGPROD 44
GO TO 150 

AGPI400 49
145 TONG s 0. 

AGPROO 46
150 TvNr a C253@C?54*TD"S3/C25Q 

AGPROD 47


CPLr a (T3NnoTD'#Gl/(T0j.r-TD4G) 

AGPRO: 40


TLrp 8 TLV 
 AGPItoo 4vTLr 9 CPLr*fTtMOO*YRS%.) 

AGPMOC so


IMPL 6 TLMOIOTRSL-YLr 

AGPROD sk
YDN" 8 !DfJr*?Lr-T^NC*TP9'6 

&GPROD 52
200 Jr(jPRjkT.L?.1)('EfuQN 

AGPROO 93
PPINTP9:.T 

AGPROD 54
PRINT90'..WCMj.Cr..O.CGDI#lotjTS.TD4RE*TD4$F.TDwT 

&GPROD 55
PRIOIT91 .EVL-.,:U;yL()re.YLOCLoyLorc 

AGPROD 56
tr (T L7 . Tv0 )4-kTL;DFj 
AGPQOC 57


PRINT95:.CG&.Clk.rPLr.yLr.Imi'L.?Dlq 

AGP;t05 $a
 

RE TVRF. AGPROD 59
 
ago rORPAT( 6114-,;TPI-T or ;Vm43uTl4E A0400 AT TtPqf.r$.2) 


&GPROD 60

900 
 AGPROO 61
 

AGPROO 62
 
910 rOP14AT(INO.9x.61-EvL"CJ-bx.54ILr"Uo7X*SmyL:)CL#71*SHYLDrC/imisOXe 
 AGPROO 63
 

1 4EI2;4) 
 &GPROD 64
 
950 rOkKAT(INC.lx.31IC7A.91.34CTR.9x.44CPLro$X.3wTLF.91#404TPIPL.llo 
 AGPIIOC 69


4HTD,.h/jk:#AY@SL%2.4) 

AGPROD 66
 

ENTRY PODSET 
 AGPQOD 67
 
c AGPROO 68
 

VALJEs rapt PmOOUCTI.lq
c AGPROD 69
 
c AGPOOD ?a
 

GRT (TGL-TGLSrC*C9)/T0P)PT 
 AGPQMO 71
 
RCON 1. 
 AGPROD 72
 
TrjNw 6. AGPQO0 ?3
 
TLr 74
AGPROo 

TLrp AGPROD 75
 
WFTUWF- AGPROO 76
 
i-elb 


http:PmOOUCTI.lq
mailto:4HTD,.h/jk:#AY@SL%2.4
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qIJ9ROUTINE 'nEMnG 

qOMMON /CATTLE/ OrGTFEt,PFOTOMGTPMPTTOP0a1,TOpopRI 


L P"V4, PFPMPMGM,PMPM,TOPOPM,VACAL,AIJXL12, 

2. SLFERTSLSfPT,SQLDFTPSL5S1LTSLSPTSLSPTP,FENSCT, 

3 	 bLEiJSLSC!)~4SD)LD)FNSLSMLMSLSPM,SUPFEISCM, 


4PPFGTT,PPIPTT,PPIIGTT,PF4PTT,PPFGTM,

01. PprpTj,P!'MGTM,P'IPT4PF'TYTRFPTI 

6 miT,i!MPT1,PrfTM,HFPTMPMCTM,FMPTM, 
TPNT, TfNAT,TONt,TDNNPTONAHPATADIT, 'M4,QMTPFLACT, 

8YMAT,PA ,PAP,PAPO,POAT,EXPL ,UNEYPL,CT202,C21'4,C244 
-GPPTPRTCHGPRTVLI,PRTVL2,IPRINT,
COMMON /CONTRLf TDTDUR,IRIN,8E 


TMO, Tl) 
COMMON /LAND/ TGL,TTGLTTGLL,TTGLUI,TTGLU2,TGLSF3, 

ITRSLTLMODTLMOD1,TLMOD?,TLMOD3,TTGLRTGLR, 
TL-qL,TLCPU,TLCRUP,TGLSF,TGLUIP,TLFC,TLP,, 


3 XRI ,R1,R2,PR2,PDP,CRM,RLMRL1I ,RLCRU,AUX1,AUX3, 

4 ARm1,ARM2,ARMt3,5,C9,GRT,CPLPT,XOEL,RPTN,GRE 4

nIMSNS10N VALI(6),VAL2(6),VAL3(6),VAL4(2),VAL5(2),VAL6(5),VAL(
 

M.~AL, 

) 


OTNENSIDN VALMl(r),VALM2(6),VALM3(6) 

1IMENSION VAL7(R) 

OIMEN51nN VAL9(A) 

fINENSION RINTFTI(15)hRINTFMiC15),PINTFT2(15),PINTFM2(15) 

DIMENSION IRINTMTI(15),RINTM1C15),RINTMT2(15),RINTMM2(15I 

REAL NRrQT,N'S0M 

DATA C12 / 1. / 

DATA ClBC9,2CCu,7,2C22.5 2.t .7, .49, .4, .4/ 

DATA C,2O6,C207,C20qC2,9,C21C,C211/ I., 1., lot 1., let 1./ 


IIATA C2l2,-213,-214,C2i5,C216,r2l7 /' 1.4, L., .6, .2,0.9402651 

DATA C2?4L,C22',,226,C227,C228 / .,'8, .92, .88, .42, .535 I 

DATA 123,231,CT232,CM23290233/.01,.G5, 1.,1.5, i.Oq/


4

DATA 3T?41,CM241,-,42,r243,r244.,CZ 5/ .9,.95, .05, .,.3,0./ 

DATA 12L.6,C2AwC283 / 1., 1., 3. / % 

DATA PP ~oLS',MTH4IIMrM~/5i,7,*5.5 

DATA OPSIT2,EL rT2,AMXT2,AMNT2,AHMNT2StiXT?/.1,.'7,.25,.15,.15,.16/ 

DATA PRb;TT3,ELAST3,AHXT3,A4NT3,B8MNT3 , S XT3/.8,1.,I.,.7,.7v,1S 

DATA ORSIT~.,rLfSTC,AMXT4,ANT4,BMNT4,BMXTI./.1,.B,.23,2'.1,t,
3

DATA ORSIT5,E-LA T5,A-lXT5,AMNT5,D)MNTS,BM'XT5/.13,.A5,.21,2,.1 ,.1? f DEMOS 25
 

DATA ORSIT5,ELAST6,A.1XT6,AMNT63,;INT6,BMX(T6I.CQ2,.7, .06,20.02,. 05/ 

DATA DRSIT7,.-7LAST7,AMXT7,AMNT7,4MNT7,BMXT?/.13,.6,.2,2'. 1,. 5/ 


DATA P05141L,ELASMI,AMNM±,AIXNlI,RMN1,DMHXMI/.5,1.,.9,1.,.9,1. / 
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9?wVIIIT * 0 0MWG ?t6 
10 PONwIiUE '2CHOG 71? 

Rrouit n prvm'0pow 
no 12 zntokRoor 

O('WG 
ofO 

?is 
719 

it 

Rintr??im 
R!NVV*12I1) 
CONTINEUE 

* 
P* 7(V0FIT2 

. 
2EMCOG 
0(N06 
OCMOG 

'to 
721 
722 

Rr0 J?? v orpvfOPQOOt 
00 1'. ja1.k69flO 
RZWNTI I!) * PqGM~OG90OMTOP1t 

O~MOG 
Oub0G 
DC"OG 

72.3 
7?'. 
'z; 

91w?'P'117) 9. 
t%. (r0WTI41J 

9IIOUTI a P"GT/WGO4 

X,'OG
0(N0G 
of " 

726 
'2' 
724 

tb 

00 16 Z.1,(PR00H 
DI'THM() a PAPvI*(nPO9IOTh21 
R9IMWZ) a 0. 
CON?!WUC 

OEH0G 
0(W0G 
DENOG 
O!MOG 

719 
730 
M3 

732 
RMOUTZ 
Pr6m a 

& PMP?/OPO)" 
PfPN a OOW 8 PMGH 6 PNP" 8l 4o 

qcmOG 
fW*OG 

M 
73I. 

SLSVG" SLSFPN a ILS9GM a SI.SMPN a SOLOPM le6.MO M(1 
SLSFH SLSmn a SLIASM *SLIWN * SLF'1ER* 0. ')!MOG 736 
SLSCC" 0. 'p-" 0G 73? 
SLSHL" *0.OC 7w34 
ORG04 a .0 3? OEMOG 73% 

ORptpr 
flRHI 

a .01? 
a 091.11 *0961 

D(MMnG
OCKOG 

7.0 
#%I 

09112 a 091.11 a OPP 0("OC 7? 
ftv" a 0. 'KSI0G 7'% 
YOTI4S' a 0. elfHOGp 7164 

got"? *1 EM0.OfG ? 

CONl * 
pGV?6m 
PA*WN 

. 
a .C'ASM 
a 1. 

a PWiJMl a pP'IAsm a P71197W 0. 
or'IoG 
fl(i.J 
01906 

?46 
70.4 
M5. 

*.Mm9HMw? a M7UNI a 970111 a 00 f~rM0G ?51 

Ik7G7? RFTP a771*tvT a7?u 9P7 a 9116?? a P11TH a RRPTT aMT91171 * EO0.M10 5 
P976?? PPFPT? a P9PMG?? a PP1IPTT a* 0.* 0110 75, 
PPFGTW * PPFPW a P91167W a PPWtPTm a 0. GEG '5'. 
9771191 'n('G ?59 
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subPOUTINE Poncuo 

VOMMON /4CCMUN/ DVLAY.AKLAT*ACLAY#VLAO?.VLOTIT*TAXCIsAOSUT, 


4 

5 


REAL, tiCra 
COMMON /COUTRL/ 

1 

COMMON /LAND/ 

1 

4 

1 

4-


-ISLAMA-OLAM#ACLANOYLAqOAVLOTW14*TAICM#AGSU"o 

DILAV-ot;.vurARPqIC.0970U$.OCPOT.PCSTDT#ENPLivowcre. 

ALPWl.TkCsTCfC.TR, SL3 TLr 0Tjrp.CPLr.RImtvRI4TL. 

CQEPT.DlR*C2S0.C2S3*C;54*LT @02#030CISTOSCSTOMP 


EvCftPJv'CROPJ.PCR3PL*PrcRop* 

EvLPCJTLDCU-YLDCLoyLarc#DVLDCU#DVLDCL#PYLDfC 


"4LOT40utoo 

TFL .TTGL.?14LL.fT3LUI.TtOLtJ2.YGL$ro. 

TQSL#TL"30*TLKODI#TLM002@TLMIOSoTTOL'IOTGLR* 

TLCPL.TLCIU.TLCRUPTGLSF.T(ILUIP*TLrc#TLC* 

Xel 0Rl*42oPQ2oPORoCRM.R-N@ALNIoPLCRUoAUWL*AUX3* 

ADMI.AR"2.AR113.ASOC9-ofty-CPLPT.XDELRPTW*CRF 


DIMENSION TQAIKl(f).T4Al42(2)0T4AI43(j0) 

UATA LTlLT*',LTJ*4OCVlft3CY2*%OCY3 
 1. 1# 4@ 4* 4 


DATA C234,C23%,C2A6,csi.el2.Et3 / 
 .5. 1 " 11:09;0112; W 

lJ.* IS.# 16.; 06 f, 0 
DATA TCJ.TCj.TC2.TCrCPU4AX / 6.o 


DATA RPT4,EvTA / .2* 250. / 


TONSLI 8 Tk'ISLI-Df.IAJX*t-BOuTi-litAlit(3)*tl.OAS)I 

TRNSL2 a TRmSL29Df*(U3Ulj-8OUT2) 

TRNSL3 a TR14SL3vDT*(OlU?2-6OUT3) 

TRAINI(3) e TPAINI(3)*A5 

CALL POIC(A-IX5.OC.ITI.TPA141.NCOJNI#40CYI@Lyi#SUPqINII 

lr(02.0.110 TO St 


CALL MoNCINI:vyl*.61.)uf2oYwAlN2*4CDU*i2tNOCy2*LY2,SUMI"21 

GC TO JCD 


50 UOU72 v WOUTI 

100 CALL HuNC(anu!i;B^uT3#TNAlN3*4COV43#NOCf3oLT3*$UMIN3I 


AUXS a (CWM.AQm3*AmthI(l.* RLmI/(AmINj(AAMl, ARMV*ARM31))eTCEC* 


1 (I.-Opyli) 

ALPHI a C234*AMtNI(l.-C.?34s (I.-C234)*EKP(-C236*(PDRoC239))) 

csl-4pm a CSIPm*RrStOt 

CSIAP - 0 CSIAPMoRrSTOT 

CSPAPH 0 CSPAPHORCSTOT 

CSPrGw a CSprGH*RfSTDt 

CBSTG a CASTG*RCSTDT 

CSIMAP 0 (j:-CPLF).CPLPT*CSIAPM 

CSPLrr. a Cpt.r*CPrGii 

CSTGw s CPLr*C9STl *?.*C2S3*C2S4/C2SO 

Ir(MAL.F3.j;CR.P*AL.1O.3)QQ TO 106 


CSPLAP 9 (I.-CPLr)*il.9CPLPT)*CSPAPW 

GO TO 110 


108 	CSIPNP - (j:-CPLF)*(l.-CPLPT)*CS14PW 

110 	TEC a CSI"PiP-CSIMAPOCSPLAPOCSPLrG*C$Tam 


YCEC a ALP1410TEC 

CRTREO a TC6C*(j.-RPTS)/LTl 

ACRDTA 0 ACQ:?A#D'.AceDf 


&CADY)
CALL GPAPH(vC;,TCI.tC?.tCr.CRDm6X0T* 

nCkDT a TR4SLI/Lyl 

CREDT 6 AHAVI(ACAPT-DVIVIs D.) 


ARMI CREDT/CRTPFO 

ARM2 *-I.. 71/(TCFC*kPT4) 

ARM3 
 tcra.&PINj(ARvj* ARH2)9 lCEc*mPTv/0t)qLTjjelc 


A ,J? AUK7.tAU16-AUX?)*DT/XDEL 

S. v? a I.-A X? 


ExTR 	a C2%?*TPSL 

To l2i
ir(EXTII.LF.S.-Ok-nCROT.Li-I-)00 


AS a AMIkj(Fl2*kXTA/EXTwP 1.)*(AUXYOAUXOOAMINICI&3*ACROtiocapTo 


14ODCOD 
ACCOUI 

ACCOUN 

Accou-4 

ACCOU% 

Cd? 

ACCOU% 

ACCOU% 

ACCOU-s 

cog 

cbs 

LAND 

LAND 

LAND 

t.AND 

LAND 

woocno 

1400coo 

PODCAO 

MODCRO 

"Docoo 

"Cocoa 

MODCRO 

"ODCRO 

HODCR3 

moocito 

HOOCRO 

NODCRO 

moocito 

POOCRO 

"ODCRO 

HODCRO 

moocoo 

"ODCRO 

HOOCRO 

HODCRO 

HODCRO 

"ODCRO 

MODCRO 

PIODCRO 


MODCRO 

HWDCQO 

"DOCRO 

HOOCito 

"cocoa 

moccoo 

MODCRO 

0400coo 

MODCm() 

MODCRO 

HODCR0 

MOOCRO 

maccria 

"Cocito 

1400CRO 

moccoto 

NODCRD 

"cocoa 

moccoto 

MODCRI) 

voccoo 


2 
2
 
3
 
4
 
9
 
I
 
7
 
I
 
9 
&
 
2
 
2
 
3
 
4
 
9
 
6
 
6
 
7
 
I
 
9
 

to
 
It
 
12
 
13
 
14
 
Is
 
16
 
17
 
is
 
19
 
26
 
21
 
22
 
23
 
24
 
29
 
26
 
27
 
26
 
29
 
36
 
3%
 
32
 
33
 
34
 
39
 
36
 
37
 
36
 
30
 
40
 
41
 
42
 
43
 
44
 
49
 
46
 
47
 
44
 
40
 
so
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100DbA $I
00 to 125 
oocmo $11
129 AS a 1. 
mO~DlO 96
125 rM9~ R3AI~.S~.ES0 TO i3S 
HMCO 99
AUX6 a ANN31(ANINI(ARM1. &402)*ANI3) 

WOOCRO 96
G0 T0 135 

NOOCAD 97
130 AMX a 0. 

"00DbA is
139 AUX& a I..AuX6 

NOCIO s9
LI PRINT.L?.1)RETURN 

WOOCRO 66
PRINiT9000T 

0N0cRO 611
PROT3.RI~*TIS214L't~~lAP2AM*0?sOTogT 
 MiODlOO 62PRINT910#ALPM1.?EC.?CEC.CR1AEO.*CR0Y.AC0TA.0CI0.CREDT 

NOOCRO 63
 

Pa.% 92C.CSI'iPI4CS ZAP4.CSPAPM.CSPFONIeCBST~eCSIthP.CSINAP.CIPLAPs 

PmIT15.Ex'R.A5.£U15.AuXgeaUX,.AIJXO.AU19 


wHORO Go 
"OoCRO 69ICSPL rG.CS IfGh 
"CQOd 66
RETUAI 


90o ropmAT00620UTPOT OF SLOeOUTI%E N^101 AT TIMIE.76.21 uODCAD 67
 

MOOCRO 6S
9s 
"00DbR 70
2 9E12:4) 

wooding 71
91, rORpAT(1M0.9X.5uALPk1.7z#3mTEC.9X.4.4?CEI.6X.6MCAT4E6;6xwCOT# 

GONOd 72
I 7X.,bMAcatlT*,6x.5NDCA0Y.71 .34CRED?/IHO.SX.SEI?*A) 
 MODODe 73915 CORMAT(1M.,9X.4kEvm~eXo2MA5. let.4.4&U15563.4IAUX6.IX,4NAUX7e$te 


NOOding 74
1 4NAUX6.8b.4mAUt9/IMCe9X.7(E1l.4elR)) 

920 rORN4A,(lM0.,X.6 uCSlhP.6~K.6MCS!APO.6X.6MdSPAPM.6XeuCSPr0m.6Xe 
 NOOCRD 79
 

I 5wCSuTG.,X.."CSlN4P. ~t*6.4C3PMA,6X*6WCSPLAin.6xe6WCSPLIQe6X. MOOCRO 76
 

2 SMCSlGH/jHC.81.j0E12.
4) MOOCRO 77
 

MODCAD 76c INITIAL VALUES FRe cMeIT 

OO~CRO 79
 c 


MODCRO so
c 
MODADn $11
ENTRY CR031? 

MODCND 62 
MODCAD 63

TRNSLI 6 0. 

TRNSL2 0 0. 


MO~DinO of
TRNSO a 0. 
Is
AURS a. @*ODdeD 


MODdRO 86
BOUTS 0. 

NOOCAD a7
Bout? 0. 

MOUD 6s
BOUT3 0. 

wocclo so
Ri 0 


AS@ it 
 NOOCRO 90
 
MOOCRO 96
00 400 10106 


TRINIjM(1) a 0. 
 NOOCRO 92
 

410 CONTINUE 
 MOtICAD 93
 
MODCAD 9f
Do 410 101,1c 

TRAIN3CI) a 6. MODCRO 99 

410 CONTINUE 
 MOOCRO 96
 

TRAIN2(i) e 0. 
 WOOCinO 9? 
MOOdeD 96'RAIN2(2) a 0. 

MODCRO t9
NCOIJNI 9 0 


NCOUN2 a 0 
 MOOCft 101
 
NCO-UI3 a 0 
 MUMde MI
 
SLJmINj a 0. MODCAD 102
 

MOOCRO 103
SuMI'E? a 0. 

"OOCAO 104
SUMIN3 p 0. 


101
O"ODdeD 

ARM& 0. 

CRMq o* 


MOOCRO 106 
ARM2 0. MOO0CRO 107 
ARNJ 0. "OoCRO Js 
RLMI *0. 
 MODCRO 109
 

WtR 0. 
 MOocRO its
 
AUX6 60, NOoclo Its
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AUX7 * . ODCSO it? 
ACROT *0. MOOCRO W1 

ACROTA *0. WOOCSO 114 

iDR a 0. MOOCO 115 

CSINP' a 576. 
CSIAPH a $74. 
CSPAPN a 665. 
csprom a 591.1ODCOO 
COSTO a 8.5 
CPLV 6 0. 
CSTGH a CP~r*C9S7I0?-oC?53*C2S4/C2SJ 
CSPLFO a CPLr*C~prGm 
CSIMAP 8 ( 1 .-rPLrl*CPLP?@CSIAPHIt(HAL.FO I10k.i.AL.12.3?QO TO SO0 
CSPLAP 6 (l..CPLr).(1..cPLPT)-CSPAP4 

H00C90 
ploc*lo 
MOOCRO 

"ODCRO 
o4OOCRo 
PMOOCRO 
HOOCRO 
OocRaO 

1woncoo 
MOOCKO 

116 
117 
Its 
lit 
120 
121 
t22 
125 
124 
12S 
127 

CSIMNP a 0. 
GO TO 510 

500 CSIMNP m (l;.CPLr)*(L.-CPLPT)*CSIP4 
CSPLAP 6 0. 

510 !E,* CSItMhP.CStMAP.CgPLAP.CSPLrO.CST0M
TCEC aTEC 

"OoCmO 
uom 
..ooCRO 
MOOCRO 
MOODCRO 
14o0cli 

128
2 
120 
130 
01 
133 

RETURN MOOCO 134 
END 
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-;1'0-0kOIJT t' 1 GAC^ £GAC.C a
 
:Wn.01. /ArrvAu;I,/ P)LO .A"I.. ~AfL At. iLA'ij.VLT I I. IA X.? ,.SII. ACCOU% 2
 

(IOCLAM. Aw,AN0ACL APO,.VL AND-4,VLVYIN.- TWO.%At.$U". £CCCU% I
 

II* D;k~AmI.IDSfOTRIIi-NLV%'k CCeOU'4 4
 
IALr.1.Tt.YCEC.fi,,I5.T.r.TLr.CPLrA-ilg?.t%TL, 4.CCOu' 1
 

4 rd?,
 

0.EvLrCj. '.DCIJ.vLDCL. rLrr:. DvLDru.,DYLnCL-rTLOrC &Crfl'I%
 
mfAL i:Lrk £CCOU'i 9
 
rnplmoifl /CATTLF/ prGT.rL-t?.PrPTo4.?PPTyOPOPT.?OPflP4. CATTLE ?
 

Ipr(.-. PrPw.o.4.w.PIP.TOpPM9.VACAPLAUVLIZ, CA!(LE 3 

SLrf~At. -'C.TS .r.SLSILT.SLSPY.SLSPT0.rLWSCV. CATTLE 4 
IS%.rP.LSCC.S .rSLSL.SLSpm.5uPAsrES~lN. CATTLE 5 
4P-IrC~t.V'PrPTT.P-4?T.PP4T.Prrl!4, CATTLE 6 

'I PPrPT4,VD0lGTM.PPPTI.Dr;TT,prp'T, CATTLE 7 
R-T.-ITD~qRpmQGs.lP" CATTLE It 

* ,ATIA.PAP.PAPD*rQA? .EIPL .U%EXPL.CT?52.C214.C244 CATTLE to0
 
CflhmfP; /CuntiI y*DT, 6. *J.iGQ.RI-GP!L~'ITLPIT C-5 i
 

I P6L.T~LI.TCO C-5
 
4


rOMPOI; /L ki'"/ ~ ?L1"iT. .LA%L 2 

TLCaL.Y:4.TL-4,j.GSr.'GLJ'P.?LrC,Y.Lr,
 
3 x~i.Ri ".;1.DR: k.q.Plwt .DLCQJ AUI.A.,3. S
 

PtMiNSION 24 (PZ(i.4.L 'C(24.CCA2?4 .: ?I'~. 
IEXCA(12.4).EV.DA(2.4)S .. A(2.4).TI1PdCA(12,4) £ACAC q 

D110hIlI8rChCIM(2SP'1)C.CQ1)EAE(? AC.ACC 0 
1 ELOL3,(1?.~t(,Js:(2.MPct,)YC(, AGACC 1: 
2 Vi'IfTPC l),5OLAt4) .v&.3a(4) AGACC it2 

DATA C2??.C2??3.C246.Cl55 /~ .47.4., .5. .4 /AGACC 122 
JATA C~S.C,57,.2,J.C?54.:262,.c6.CZ63/2,...t.40..3,..,5. .75#../ AGACC 1,3 
.41A,*. AGACC 2,4 
JATA C274,C775.C276 /30.,5 AGACC 2,5 

)ATA C27?.C?7A.C27g / I.. 1.. 3.1 /AGACC 2,6 
LuATA LL.EAE .L'3EL4/ 5.*5. IAoACC 2,7 

DATA . . AGACC Is9 

DATA rGw :16I.. 170., 150., %?C0. / AGACC 20
 
:AT& VAL36 4.7. 4.55. 4.6. 4.6 / AGACC 21
 
DATA SVAC.SVA.T.SVAL"*AbjSU6"#SL4 / 301.. 2*.i. /AGACC 22
 
nATA ()IhT.R! O.TL;:PH,1k.DICS I / .*Ii,. *i 

4 . 12. .15. .12 AGACC 23
 
iJATA St 'A ,SPOTA%. VCL. T A.D / 10,..sS f.. 35. . . 0042k AGACC 24
 
DATA TLll:u1l.VLDCL!.YL!!rc1 / 1.11. 1.56. 0.3 AGACC 25
 
DATA JYLDCu*.DLL.CLC :/ 1;6 v 2.9. It0./AGACC 26
 
DATA Pkm.EXIHIPA . 2101000o. / AGACC 21
 
DATA SI'ICRA . .5 1.45.1.65. 2.1.9. 502., AGACC 26
 

12.1.. 1.15, 1..7. 2.. 2.25# 2.45. 502.6. AGACC 29
 
22.1.. 1.5. 2.7. 3.2# 3.9. 6.4.. AGACC 33
 
t291.. i.5s 2.7. 5.2. 3.9. 6.4. /AGACC 31
 

DATA Ttil%CA /1.1. 1.?. 2.1.25. 3o.s 501.4. AGACC 32
 
7.1.2. 1.*22- 1.29. 1.36. %'.43@ i.46. 1.53o Sol,97. AGACC 33 

1.3. 1.37. 1.57. 1.,. 2.. 2.?. 692.22o AGACC 54
 
1.3,. 1.3v. 1.6. 1.82. 2.2. 7o2.4 / 4GACC 31
 

DATA ETXCA I1.1. 1.16. 1.19. 1.21#. i.?6. 1.27. 1.26. 95*,3* &GACC 30
 
2,1.1o 1.25. 1.3. 1.55. 1.35. 1.36. 1.37. 591.4. AGACC 3
 
21.1. 1.35. 1.6. 2.. 2.4. 2.5, 6.2.6, AGACC 31
 

1.1. 1.?5* 1.6. 2.. 2.4. 2.55. 6.2.6 /AGACC 39
 
DATA ELLTA /391,.. 391.?. 6*1.3. AGACC 40
 
2, 3*.. 3*1.25. 6ol.35. AGACC 42,
 
7 301.. 301.3. 6*1.4. AGACC 42
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33-1.. 3*1.32. $o..' 1 AOAcc 43 

flATA LC.ADEA I., Je5. ?.o 9.2.9. AGACC 44 
1.. 10. 7.5. 2.0 0 AGACC 4s 

*11.1. .7. . .5..6.3.4. *00CC 40 
1.1. 1.9. 2.7. 2.'s 893.3 /AGACC 47 

DATA CA1kCA I1.17. 1*21# 1.4?, 1.42. 301.57. 991.67# A00CC 40 
1.17. 1.3?'. 291.47. 301.62o 5 .t~s 	 000CC 49
 

1.2. 1.87. 1.97o 2.47. 2.07. ;.al. 603,27. &GACC se
 
3 	 1.2. I.f7. 1.97. 2.4'. 2.67, 3 6*.327/ AGACC %1 
DATA CLINCA / 2-1.. 2*1.25. 3*t.4. So{.S. LOACC 52 

12.1.. 291-25. 3 *1.4# 56j.S. AGACC 53 
2 1., 1.3v 1.0. 1.6. 2.. 702.5s AGACC 94 

I.# is?. 1.4. 1.6. 1.6. 7o2.2 AGA0CC 9 
DATA SINCRA /' 0.e .CS* .15. C.. .15. 202.. jo. 460s. AGACC 96 

b.. .CS. .22@ 20.15p .1. 26.05. 40.. 0OACC S7 
2 b..35p .49# .5. .4s 29.2. 590., AACC so 

T 0..35. .45, .5. .4. 2*.. 5.0. 1 AGACC so 
AXCTL 6 TA1C?L.(?oJC.41-40ICTL)*OtI1ELj2 AGACC 60 

VLTXYL ' VL?XL-(VL1X.ET.VLTITL)*0?/)EL13 A0ACC 61 

IF('.LT.7.)SO Tft 15 AGACC 02 
PKOIE a TA9EVL(VAL16.SqALL36.Dlrr36.(36. TI AGACC 63 
'OXCTI 9 fPwGy.C222*P"P1J0C223.PK3ft AGACC 64 
TAXC?? 0 rEiSCT.C,7.*SrAXOSLSMLT.C27S.SNTAX AGACC 65 

15 	CONTIN4UE AGACC 00 
TAXC?3 w C2?9*TtPns. AGACC 67 
TAXC? s TAX:TI.YAvc?2.TAIC?3 AGACC 00 

0

TAXCmY 6 ?ANC'/7"L AGACC 09
 

T t 

CTL8L a CT!.9LT.RCS'O AGACC 70 
VETRAC s .E'AIC.PSDf AGACC 7 
VETAL e .ETPAC.Ci..(PAA0T.C244)/(1..C244I AGACC 72 
CSTAiN'L e CSTANIL. ICSAUY.CSTONTL , .T/DEL20 AGACC 73 
CSTA4IT 0 CYLOLT-vrTBA 	 *00CC 74
 

T
CL4D L * LL('VCIST)0/E2 AGACC 75 
CL40' 8 CL '?.QCST AACC 7 
OPCLA? a TQPOPT.CSANt *60CC 7 
OPCL%

T 
9 'TnLR~rL3?*:26 *00CC 70 

TAT a SLSPT.PAP AQACC yo 
YPIT s (jWT.PUW *0CC so 

AGSUT a A£r,S.ib?.Tyr.La 060CC $ 
C*PCET 9 EO'TTG..A.C266 *60CC 0? 
ASVL%Y 6 %L&,.0T*C?4F AGACC 03 

VLDTXT a ASdILI-T.TAXLIC AG0CC 04 
ASvI4T a ASVdTTGLQ*C?7) A*0CC $I 

VLTXHt 6 ,LnTS~TTGLI0C21) A00CC 00 
ACLAT I OPC:.AT-rP'L%T.TAXCT*CAPOET*VLOTNT AO*CC 07 
AULAT s ,A.T"T.AST *60CC as 
rAR:LT 6 &ILA'-&CLA

T AGACC I9 

VLANDT a AP*1j(SV&LlTtTWL9* FARILT/RuIjT) AGACC t0 

v040".I & 0CCAGAThtr)C2991 
(PAP 9 IPAP.(1A0P-Eb'A0)*t/DEL5j AGACC 92 
ESLSPT 6 SL pLSPT PELSPT) DT/fL0 *60CC 93 

t*T F~iLT.PFLAC?.CT?6?*1MAT AGACC 99 
T


VCLATL 9 C. AL.(IZLAT-.LATLI.OT/DELi9 090CC 95 
TCAT ACILAT/'T'L 000CC 90 

'PLAT a 
4 

AGACC 97 
tJWLAT a (!PLAT.?CL*L)ftOI *00CC 96 
1rIT.LT.T11C*,)O 'r 0; *0CC to 
CAPT 8 ?Lr.Z23.C754/:2') AGACC lot 
lr(STUb~r.LT.CAPY)^O 13 100 	 060CC M0 
RPC*PT s 0. 	 060CC tea
 
PL14PS 9 G. 	 000CC 103 
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40 To 110 

IIIIImpC&PT s tC4Pf-%TftPG)*CmSTG*2.jC252 


STONG a STOvG*DT*fCAPf-%TOMQI/C292 

RLINPS 9 (C&FT.ST'-&sG)oS13L8O2.1C2%2 


110 CONT IIIur 

ALOANA 0 4L)A'- A-3T A0 A 

ALREPA a &L-E'.-Df*AL*E-

PPYOUS 6 AOAP A-A. At PA 

AL147 a OPT OsPIkTL 

ALOAN a APOI IfJC'1FT- :11tOT) 

ALREP a TSISL3/Lyl 

TAICHI a 1p.crqc2?2-ppw)*C223*PK'it 

TAXCM2 m ii"Sr".^., ??*Sr!AIOSLSHLIIOCIGOS14TAN 

'AXC"3 a C279-,rp p-

(AXCM a ;Axm1-TA9C'2-TAxCm3 

CSTANw a rS-A-..i.^!,f T 


CLhOP4 0 
IFCLA" a -COOPP.CtTAN4 
CSkrGH 0 1'Sif -H-2'StV 
CSHARV a cs,.Apv.4-s?:T 

OPCLh" 9 'L-Cro'-. ,3"*(I.-.PLr)*?LrpoctikrOHOTLr*cswAovoC2S3eC294 
YAP SLSP--P&P 
T"m (,.".Paw 

&GSU-q a ALS 

CAPDE" 0 'L-V*( .M(MALP 

ASVL44 0 'L&'-'"-C?4'! 

VLDTXm 9 

ASVNM a ASV, V /f'.wcD-f-fs0 

VLTXH' a "I'WL"3791-130 

ACLAMI 0 'L a-,Dc ,.Q*cAPDEO4*VLDTX4 
ACLAM a A-L.&---!AlrCP-&6141*ALREPOiTCEC-ALPNJ*CSTGWIOTQSL/13.*NDFLI 

Up"Apy 


ARLANI YA--vm--&GS6" 


VLAhD" 0 ArA I 1 4 VL '-D'T 4IL- TLPIOD) 

VLNDmm 0 VL4A,"/(T;.wO:v146L) 

OM 12: Islo'l 

ELOAN(1) 


120 CDhTI1.6F 

ICIEC 0 3.-K^EL 

00 12d I@I.ICFC 

ETCFC(I) a 9CIC/IC(C 


125 	CoNTIPM 

TCREC 0 Ictro(I.-Op'"I 

:0 133 101_T1 

EDDSER(l) a vrRiCOF-INTOMI'S 


133 	COPIT I NO 

IL2 9 LTI-L'2 

IF(LT1.LT.I1Gt VC 135 


LTI-1 

.0132 

1')PSLR(:) a 


132 C001'st.1 

135 13 M-I 


IL3 IL2-L'3 

VVPPAL 8 ?Ckkr 

TPAT"T 0 ?CUE C/L 7 

;O 138 :@13.:L3 


;ol.PGAL 0 O.PBAL-TOOPOT 

FORSEP41) 9 TrAVP41*VNObA6*ftI1jTL 


A1tLAP1I-ACLANt*TA1CP1)/*IT 

AGACC 114
 
AGACC M
 
AGACC 116
 
AGACC to?
 
AGACC I1111
 
AGACC tog
 
AWACC III
 
AGACC III
 
AGACC 112
 
FW7 7
 
AGACC 114
 
A6ACC 115
 
AGACC 116
 
AGA.C III
 
AGACC III
 
AGACC Ile
 
AGACC 129
 
&GACC 121
 
AGA.,' 121
 
AG&CC 123
 
&GACC -24
 
AGACC Ili
 

.16
 

.27
 
- 20 
-29
 
133
 

Awac 131
 
A A.,' 132
 
& ,ACc -33
 
4 AC!* -.34
 

-.35
 
Ai;&"., .36
 

A;AC 130
 
AGACIC 139
 
ack.c 14.
 

A.A.C 141
 
A.&.1c 142
 
AGAC,' 14)
 
AGACC 144
 
AGACC 145
 
AGACC 146
 
AGACC 14?
 
AGA'C 144
 
AGACC 140
 
AGACC ISO
 
AGACC 151
 
AGACC 152
 
AGACC 1,53
 
AGACC 154
 
AGA.1c Iss
 
AGACC %$a
 
AGACr 151
 

AGACC ISO
 
AGACC 150
 
AGA.,., 16C 
AZACC 161
 
AGACC 162
 
AGACC *63
 
AGACC 164
 

mailto:I@I.ICFC
http:CDhTI1.6F
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130 CONTINUE AGACC 169 
irjTkQTMD1)PRINq?9 AGACC 166 
DNLAH a 0. AGACC 167 
no ISO IsI.IpH AGACC 168 
ETXC a TAXCTL*YYCD(I) AGACC 169 
EVLDTX 4 VLTXTL*VLYXTAII) AGACC 170 
ECADEP x LQLT*C26P*CA0DTP(I) AGACC III 
EOPCLM a CSTAfTL*rAWF(II/GRE AGACC 172 
L()CLNm a CLI'DTLeCLINCIM AGACC 173 
TCLAM itL:)HSEII(I)*EtCECII)*EOPCLM*EJCLNM#ETXC*GVLDTX#ECADEM AGACC 174 
TPLAM EPAP*ISINrR([)*ESLSPT#91NCRII)*AUXL12)*TMINCR(I)OPRM*EG"TI AGACC 175 

1 TT6jH-EIOAtj(I)#AGSU8M AGACC 06 
DRLAM z D"LAM#(?PLAp-TCLAM)i(j.#DIR)**I AGACC 177 
IF(T.tIL.TMOD)GLI Tn 150 AGACC 1701 
OPINTYbC.El)iiSlti(l).FT!E(;(I)#EOPCL4oEDcL4m.ETXC#EVLDTXPECADEM# AGACC 179 

Si"Cr(l),Tml'4C '(I)oELOANII)#TRLAM#YCLAM AGACC Ibc 
150 CONTINUF AGACC to& 
200 CnNTIN(Jr AGACC 182 

DPLAV a(DRLAT*TTGLR#DRLA4*(TLMOD*TRSL)JITGLR AGACC JA3 
ASVLNC 0 VLAIIPC*CP5' AGACC 184 
VLDTXC a ASVLtC-TAxLND AGACC 185 
ASVWC v ASVINC/71.r AGACC 156 
VLTXHC 9 VLI)TXC/TLC AGACC to? 
TRCRU m EPCQP11* YLDCU AGACC Joe 
CSTWCU a CSTHrL'-prSTDT AGACC 189 
CST14CL a CST IrLeforSTI)T AGACC 19c 
CSTHFC a CSTHFC*R7STDt AGACC 191 
CSTHU a CSTHCU*(I.#C?76*(YLDCu-YLDCUi)14DYLDCUoYLDIULI) AGACC 192 
CSTHL a CSTwCL*(I.or2?5*(YLDCL-YLDCLII/(DYLDCL-YLDCLII) AGACC 193 
CSTWF a CSTwFCofl.#r2?66(YLDFC:yLorcilt(DYLDFC*YLDFCI)) AGACC 194 
TCCPUL v TCrR1'L*(TCCRJ-TCCRUL) DY/DEL22 AGACC 195 
TCCRU m CSToU *VLTXHC AGACC 196 
DCRU a (TRCQu-TrC4UL)*jcD1R AGACC 197 
ARCRU a TLCwU*YLoru*P:POPU AGACC 196 
ARCPL a TLCmL*YLDrL*PCAUPL AGACC 199 
APFC a TLFC*Y1DrCepFC1ut- AGACC 200 
ACCRV a TLCOU-C',Twu AGACC 201 
ACLRL a TLCWL-CTHL AGACC 202 
ACFC a TLrC*C'T"F AGACC 703 
FARICC s Aprpu*AkrHL-ACCRU-ACCRL AGACC 204 
1 APIFC. a ARP C-Arrr- AGACC 205 
rAPMICA 8 FAkmI('A*DT*rAw4IC AGACC 206 
FAPMIC 0 rAwIrC*FAijIF'wvi.UTXC AGACC 207 
VLAND( a AMAXIIVLIYDwT*ILC. FARmICAINTI Cw2 7 
VLPJDHr a VLAf4PC/yLC AGACC 209 
GINC a WAT#v-1#VA-,YM4 AGACC 210 
ALPH2 a CJ61*(C,,e,.C261)*ExP(-C263*C264*AmAxllotNr-EKLO410, oil) A ACC 211 
EXPLIV a A"AX1(ALPH'*',INC@ FXLMIN) AGACP 712 
If I IPW INT . LT. I )"I TURN AGACC 213 
PRINT9C017 AGACC ?If 
PPIN?9:4,' kLAV.I)CRUPT4COJ.YCCPULoYCCRUpARCRUACCRUOCSTMtlCSTMCU. AGACC 219 

(, 1, C, AGACr 716 
PitIN790$4,iA"MIC.Fkk"l AVLANDC.ASVL4C.VLDYXC.ARC8L#ACCR[or$THL# AGACC 717 

( !, T.rL . ALPwe AGACC ?Is 
PRINT91 ,IAI-IrClAkir7,V NDHC.ASVHCoWLTKHCoARrC.ACFC#CSwr#r$THFC@ A4ACC 210 

FXPL IV AGACC 220 
PRlNT9dCOkLAT.THLAI#tCLAIL.ICLA'o[%L'101,tPAP,60MT#FAIVItT AGACC ?2% 
PM INT 924 # A14LAI , ACL AT. VA I , Y"T v A(,5J T#CPCL AT . OPCI. N1 o TANC I j r&PDf T AGACC 222 
PRINT9d$t,(STANT'.Cle.NTL.CtLOLTVLYRAD.VETRAC#rLNDI@CI.NDIL#VLANDYo AGACC its
 

A$VLf'T.VLDIXt AGACC 114
 
PPINT93?,PKiist.YjLX,'II.TANCTIotAICT1,TAvC4ToVLNDwTo&$VoiyovLYlwf AaAcc its
 

mailto:PRINT9d$t,(STANT'.Cle.NTL.CtLOLTVLYRAD.VETRAC#rLNDI@CI.NDIL#VLANDYo
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Pwi~q4,,moi £m.rA~jLr.PNM6A04 LAPNIAdLAm1 .&CLAMS sC&PYORPCAP?.S'040. AGACC 221 
000CC 2261 0L I PIS 

.0101Y,,,.lA.,.ilt,.a U4 ALfAwAL A1,A.LOP.ALOfPA. DuTOUS.AL IUIII 00CC 229 

09 11092.t;PC LA. 0 C L N",&$IAW. CLNOil.CSaR9MO.oCSAOv.L A 1100AS VLw'IN 0CCC 236 
A4ACC 2311 L1 1 	

VLWOUPI40 04ACC 232P&Iof94 CIAICsIa7A9C11.IAIC3-7AX- L.CP11.Y 
060CC 233
1 hSvNP.vLI"" 

AG0CC 234
wFUkW" 

9s* FoI.M*Y13014?Iu'PvT Lur Su43Ut1N A;ACC AT 1IINLEJ8.21 000CC 235 
230
964 rOOMA?1Ih 3.,01.5.,D.LAV.714NOC~u.SE.5.4?I'fUX.604CCIULeSK.STCCOU. 

000CC 

1 ,g,.-aPC&u. 15,ICCO is?o454CaTwuU.?1.0mCSTNCU.4X*4M01G I*tc/ CC 23? 
&000CC 236I 1M3,,qz.1.E12.4)

so$ rOm,0?c 1Nc.,I.0..rARMtC.04. 7-FAR-qICo,.xe0vLANDC.611e0UOSVL4C.0Ee *60CC 239 

1 0kAg;tMICL XAN.7.NSL7.UCtCeK 	 6CC 740
 
p 5iALPII7lH .?.1,1Ei.4) 
 001iCC 24k
 

A&t.CC 242

912 0'.ACC 243
1 A4V~,1~C*.4Hal.C01.40CrCS.5.4CSTmr. ,N.owCSTrC.61. 

4 

*.ACC 246
1 AmiSS$PY*E..rP6.,El.Iu0l?12eeEZ
 

VJ4 r2.A(4I x,~o~7
 

I Amv 9.*C. 62504T,7 .6C4T X.6V N'I6X.6AV~ 

&A.,: 252 

I ~ I.OVL NY/M0.1.5IZ.. A:: 7$3 
932 1Oft-A:Iw.2z.4,PVG.I.64TANCI.6x.0wY0ICT2?.6 .0M0K1. 


741.3(2.4)0C 	 7,4
 

A:00CC 256
9%6 	 4
$MAL thy/!No 0.9112. ) 00cc 250I SAi01'(B'* ?.6.tPA. 69. 61~J.1, 

1 6.c.r 6.i* All:SWAqv* 1S01. VLA%4.6X . 6HASVLh"IW . 61-wLDT Km/ AG0CC 26t 

11- 6WL73"-/-i#*'. lflej2.4) 0GACC 705) 

979 FOMT AGACC 200
 

0CC 26 

goo rOOP-A~TiI . 111 11 .11 
1 5lJGAX5uL40,MLW 

A:ACC 789
 

AGACC 27
WR E 


000CC 272
C 	 .C6UPS 

06CC 273
C 

* I.z?.'CAG00C. 	 27s
 
000CC 275
VLAhIDC 0 0744$41. 


?Y6
CINCu 0 56;00CC 

AGACC 777
CSIMCL 0 IC97. 


CS~wrC @ y~i 
 ACACC 270
 

TLDCU 0 YLDCVI 
 000ACC 79 
000CC : 101YLDCLI 0 T''CV 

'LD
1
-L a YLDCL1 
 000CC 201 

AOgCC 762 
ICCOU e CS~wCU*VL~kftC*CV990IZLDITLC 
YLDrC a VL~rCI 

060CC 263
 
000CC 264
'CCRUL 0 ?CCPV 

fr~mmC. a @6 06CC 265 
FA1111C #06AGCC 	 ?s0 

http:VLA%4.6X
http:N.owCSTrC.61
http:1Nc.,I.0..rARMtC.04
http:1IINLEJ8.21
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C AGACC 207 
C TSPA"ITI0i1L LIVESTOCK AGACC 200 
C 464CC 206 

PKfSAP~ AGACC ?90 

'*xCTI 0 0. AG1CC 291 
A01CC 292 

YAICHT a C2,9*TPPlP/TULA, 104CC 293 
'AXCYL I TAICHT 

'ARCt? 9 0. 


A61CC 294 

C'LfLT 9 !8.4 *64CC 299 
VEYWIC 8 6.1c 161CC 296 
CSTWM 8 C'LAL?.VFYSAC *61CC 291 
CSYA'ITL 6 CeYAIAT A01CC 298
 
CLIIC'? 6 35.4 
 *61CC 299 
CL~flYL 9 CL*.O? AGACC 300 
VLIDTX' 37Atit.. *GACC 391 
VLTN 0 VL-?TY/(?TGL40C22S) AGACC 302 

A61CC 303
 
?CLAT T^P^P?.*'5?AWTYftLRCLNOOC202.TAXCMT*E0LOC260VLTINT A;ACC 304
 
?CLAYL 9 l~A 


VITXYL s VL'1YT 

161CC 115 

FPAP a 9:7 &GACC 306 
ESLSP' 8 SLSp'/?

T f.11 *CC 307
 
VLA%DYl 0 !.?(tC.O* CC 308
 
AGSuti! 9 1CC
A. 309
 

C 
 A04CC 310
 
C i:')OFPWl L1iVSTOCK AGACC 311 

C 
 AGACC 312 
AL UPA A e. 161CC 313 
ALOASI a 0. A01CC. 314
 
ALkEPA a 
 164CC 315
 

ALREP 4 C. 
 A61CC 318 
51056 a C. 164CC 317 
AG~up a C. Cal 3 
.. SN*AY 0 t.25 A64CC 316 
CSRrGDu a 57!. 164CC 319 
CS?1SI 0* AG16CC 320 
CLP:D#4 e 1:0. AGACC 321
 
VLA401' 0 0. 
 A61CC 322 
VLDOYX" 9 C. 104CC 323 
11XCN a 0. Cm3 I 
YAM a 0. 10CC 324 
IN04 0 :. 1CC 325 
ISLAM * C *6CC 326 

&CLAM * G. 101CC 32) 
11ULAM a C. 161CC 126 

*ClC. 161CC 329 
~1 2 Ie,1.1PH 101CC 330 

ELA()a V.64GCC 331 
FTCCC(fl a j. 161CC 332 
i'iUSFPiI) a C. 16CC 333 
'COIf * 1CA.1/1aGiOO 0CC 334 

1020 CC%TlhUf 101CC 335 
IrCM1ALJ').:l PL'u~pi A04CC 330 
Do 106C 161.11'" 161CC 33) 
SjSICkcI) %I* P~lML A1CC 336 
MINiCSP(t) * ?j..CA(l.lALj 101CC 339 
'vCP(I) a EICAlI.MIL) A04CC 340 
VLTrT(I) e EV07alo(IAL) 101CC 341 
CAPDYF-it) a Er1rL1(Io"AL) 101CC 342 
C4INiCRd!3 s CAj'ChcI.'fAL) 164CC 341 
CLISICIII) 0 CLIIICiltIAL) 101CC 344 
UtPfCP(I) * .:CAIel2 0CC 345 

http:EICAlI.MIL
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AOACC 346
ii., CONlTINUI 
347
AGACCAGACC 346
RETURN
|END 
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SUBROUTINE MOPRAT MODRAt I
 
COMMON /ACCOUN/ DRLAT#ANLATOACLAT@VLA40T#VLDTXT*TAXCT#Ac$uT. ACCOUN 2
 

I 

2 

3 

4 


REAL PICFA 


DOLAP4oAKLAM*ACLAM*VLANDA.VLOIXN*IAXCM#ACSUM# ACCOU'l 3
 
ONLAVDCAU.rARmICeDOTOUS.DCRDT.RCSTDT*EWPLIV*NCrR. ACCOU4 4
 
ALP"l*7kCsTCECTA4SL3,TLr T rp.CPLr.RINT*PI"TL, 

CREDToDlR#C256,C253.C254. YI#LT2@LT3*CISTG#CSTGHs 

EPCRPJoPC80PUoPCROPL#PFCROP, 

EILDCJTLOCU*TLOCLoyLtrCsDTLDCU-DYLOCLoDYLOrC 


COMMON /CATTLE/ prGT.rE*TPrPT.PM4TPPmP?.TOPOPT.TOPOPR# 

1 

2 

1 


qI 

A 

7 

11 

CnMMOIJ /COPJTNL/ 


1 

COMMON /LAND/ 


1 

2 

3 

6 


PrGFs, PFPM.PK34,PMPI.TOPOPN.VACAPLAVXL12. 

SLFERT.3L3CCT.SOL)FT.SLSNLT.SLSPT-SLSPTPer6m$CT. 

SLrFR",%LgCCMSOLorASLSALHoSLSPM-BUPB*rEmSCHO 


PPFUTTrPrPTT.PPM3YTPP"PTTPPrGTH,
PPrPTVPPKGTMPPMPTHmrjTTORFPTTO 

ROGTT.RnPTT.RrGTKRFPPRmQYN.RMPTM. 

TnNTTDAT.TDNm.TD,4"P.TC4AM.PATADT#om4stimy*PrLACT. 

YMAT.*APAPPAPP.PRAT.EXPL.u4EXPL.CTZ02;C2l4oC244 

T-DTon6weiRUN.BEGPRT*PRtCwG.PDTVLI#PRTVL2.IPR14?. 

MAL.T"CvTDO 

T3L#TTGL.TTGLL.TT3LJI.TTGLU2.YGL$rD. 

TOSL.TLMOD.TLMODI#TL"2'2#TLK003,TTOLR*TCLRo 

TLCOL.ILCRU.TLCQ;JP.?G ;r.TGLUiP-yLrCTLC# 


xel.Rl.m2.PQ2.PDRSCRM.RLM.RLmt.RLCRU#AUTI&AUX3s 

ARhl,4P"2.AR043.A5*C9.SQT.CPLPT.IDE4.RPT4*GRE 


DATA CLl.E7*.EAj9,Ell / 003illis .150 .5095 


DATA E3lE32.F33.F8I.E91 / 4006.. 0 .# .3, 2.;o13 

DATA Tk0,TEl.TE2.yErFXPlAC / S.# Y.. it., 1380 

GRT a TTGLR/T0POPT 

tr(DRLAV.GE:CCRll)nO T3 200 


XTLU 0 TGLViP 

Go TO 21C 


200 XTLU 4 TLCRllP 

210 jr(T.GT.CT)GC TO 220 


CLI a PLCRU*APS(DrRU)/(XTLU*(DCRU-DRLiV)) 

PRINT9jf0,CLl 


920 rOR"AT(5NCCLjs.rjI.4) 

GO TO 230 


220 	RLCRU CLI*XTLU*ct)rRJ*DRLAV)/AISICCRUI 

230 	AuXl AhtNI(PLCRU. 0.) 


AUX3 AMAXi(RLCRJ. C-) 

Jr(T.LT.TMOD)GO TO 300 

ETCAM e T-TwOn 

RLM a RLM*(R2-hLm)*VT/XVEL 

R2 a W2-(xRi-P2)*PT/XDEL 

RI 8 Pj*(Cp4.Pj)*PT/XDEL 


XRl a RIOA5 

PDR a (nRLA"-nPLAT)/A9S(DlLAT) 

E3 a E31-E32oFXP(-k33*ETC4M) 

PRI 6 APAXI(E?9(1.-FX (-Ea*(PDRqE9))), 041 


CALL GkAPH('E:.TEI.TE;.tEr*EXMAX*T#ExTl) 


RLMPI a E3*PPI*FXTI 

RLMDI a PRI*TTGL*TLPUD/IQLC 

RLMI 0 PLPIPI*PLHDI 

PR2 a AVAXI(Eli*(I.-EYP(-E&I*(E91-PDRI))# 00) 

CPP# 	 a APAXIIIA"ll-l(RLPt, 4*11NI(ARMI, AqM2)*ARM3)@ 69) 

GRM a (TLPOD*TRSL)/TOPUPFI 

GRR a TnLW/TOPOIIR 


300 CONTINUE 

jr(IPkl'iTLT.l)PETURN 

PP14T9CC.T 


ACCOU-4 9
 
Cd? I
 
ACCOU'q 7
 

ACCOU14 a
 
ACCOU4 9
 
CATTLE 2
 
CATTLE 3
 
CATTLE 4
 
CATTLE 5
 

CATTLE 
 6
 
CATTLE 7
 
CATTLE I
 
CATTLE 9
 
CATTLE to
 
C%9 &
 
CdS 2
 
LAND 2
 
LAND 3
 
LAND 4
 

LAND 5
 
LAND 6
 
140DRAT 7
 
HODRAt 6
 
HODRAf 9
 

"ODRAt to
 
MOORAt is
 
MOORAt 12
 
MODRAt 13
 
MODRAt to
 

MODRAt Is
 
KODRAt 16
 
MODRAt I?
 

MODRAt is
 
MODRAf to
 
MODRAt 28
 
MODRAI 21
 
MODRAt 22
 
MODRAt 23
 
"0004t 24
 
140DRAt 29
 
MODRAf 26
 
MODRAt 27
 
MODRA 28
 
MODRAi 29
 
140CRA 30
 
MODRAi 36
 
NODRAf 32
 
MOORAt 33
 
MODAAf 34
 
MODRAt 39
 
NODRAI 36
 
MODAAf 37
 
MODRAt 35
 
MODRAt 39
 
NODRA 41
 
NODRA; 41
 
NOORAt 42
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PRI"T910,QRfPLC"UsAUj#AUX3 OO:A 43
 
:00 A 44
 
MovAAf 49
 
NCORAt 46
 

RETIJRN HODRAt 47
 
900 F0R"AT(36m2muTPuY or SUVROUTINE HOORAY AT TIMIFS.2) NOC*At 41
 
gis roRmAT(lmQ,9Xo3mG*T#9XoSH8LCAU.7Xo4wAUXIIX 4WAUX3jjM0,9l#4(fll#4# HODRAf 49
 

1 ,K)) WOCRAt 91
 
990 FONPAT(lNO.9Xo3kPmRo99,2413#10103wpnl.txodN;lTiollo9P4ltL"Ft*?X, NONA; 9%
 

MOD A 92
 
959 FORMAY(twO.Ox.2mRl.lCl,2Ml2@ldx@34XRlotXo3NltLOl#9X*3WGItNotgs3MGRRI "ODRAt 93
 

1 lk:,9X#6(Ell*4#1,)f 140ORAt 94
 
ENTRY MOOSE? MCORAf so
 

TOLO a TGL 
 NODRA 96
 
RETURN M sy
 

END HCORAt 56 

mailto:FORMAY(twO.Ox.2mRl.lCl,2Ml2@ldx@34XRlotXo3NltLOl#9X*3WGItNotgs3MGRRI
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SUBROUTINE 'CATACC CAAC'. 2 
CDNI'OFJ /ACCnUh/ DALATAMIAT.ACLAT.VLA4OT.VLDT!T.TAXCTeACSUT. ACCOU14 

DSLAMAMLAN.ACLAN.VLASID4*VLDT!M.YAXCM.AGSUN. ACCOU-4 3 
DSLAV.Dc4U. rARPmtC.0gTOuS. DCRDT.ISCSTOTEIPLIV.1CrR. ACCOUN 4 

ALru1.TtC.TCEC.TmdSL3.T~r.TLrp.CPLr.A!N?.gt4TL. ACCOVuI 5 
CeEry.DI4.C25o. C253.C254.LTi.LY?.LT3.CSSTG, CSTQN. Ci, 9 
EloPjP.vCuO~up~oPClL#Pr.:aOp, ACCOU-, 

AEvLrCj.tLOCJ.YLDCL.YL~rC.DYLOCU.DYLOCL.OTL~rC ACCOU% a 
REAL FJ~rR ACCOUt, 9 
COMHON /CAT?Lr/ Prt?.rEMY.PrPT.PM3T.PwP.OPTop.ToPoPI. CATTLE 2 

I Prtim. PrPNi.PNm.PM~pw.?,opopm.VACAPLAUXL12v CATTLE 3 
dSLrFRV. IL!CCT.SOL0Vt.SLS14LT.SLSP?. SLSPTpgrENSCTo CATTLE 4 

3 SLrIHW.SLSCCM.SDLor4.SLSMLM.,SLSPM.UUP8,rINSCN. CATTLE 
4PPrGTT.VRPPT.Pm3TT.PPIPTT.P~rGTM., CATTLE 
5 ~ P"vnTPP4R3TPPT CATTLE ? 

6 AwcTT.h"PTY.ArGTM.ArPy,PGTM.PP1. CATTLE a 
7 TflP.T. CATTLETD'AT. TO4p. TUN"PTDAM.PATADToYOmNOMT.prLACT# 9 
A Y"AT* PA.PAP.PAPP.PRAT *EXPL.U%CXPL.C7Z02.C214.C244 CATTLE tS 
COMPOP /CONI.L/ T.DT.OUK.IRJN.GEQPRT.PATCUwO.PPTVLI,PRTVL2.IPRmET. CiS & 

I NAL#T"C').TD3 CW5 2 
COMMOl /LA~ifn/ TtLTTGL.TTGLL.TT3LtJ1.TTG'LU?.TGLSr0. LAND 2 

1 TNSL. TL"0OD.TLPOO I, %DZ.TLEOD3# TTGLRTGLA. LAND3 
7TLCPL.YLCRu.TLC4UP.!GLSr.TGLUiP.TLrC.TLC. LAN~D 

3 xQ1.Nl.M3.PR2,PDR.*R.N.A 1 Mg.RLCRU.AUJI.AUX3* LAND 9 
4 ASNI.AP"2.ARM,3,A5.C9. CRTCPLPY.XOEL.MPTh.CNE LANC 6 
DIMENSION VAL51(S)*VA.SW(7I CATACC, 
DATA C239.C,7?.C273.C?61,C?62 / .1. 1.# 1., 2,.0.. 632 .CRTAC 8 
DATA StALLi,o.Drr~l.KSI 4.#* 1.# 4 CRTACC 
DATA SHALL5?,.nrr52.P(32 /4.. 1.# 6 1 CRTAC. t0 
DATA VALSI /' 12.77. 13.5. 13.5. 14.5. 2,.76 /CRYACC. 1I 
DATA VAL52 / 117., 115.5# 127.. 147.. 164.. 163.5. t?4* I CRTACC 12 
DATA ALl.FXCHw? / .0720# 15.76 / CRYAC-w 13 
DATA WPOI.WPgCj;wP9I.dPUCq / 174.o 565.. .lj. .384 /CRTACC 14 
DATA POPO /' 1541575C. /' CRTAC:. 19 
DATA CRFPI,.PEOCP.SINYC / I** *So el I Ci6 I 
CAEPP a CRE' C4TACC* Ly 
CREP a AmAx1CtrAFPQ*CDFS.# 0.) CATACC is 
CINT a P14yro.CDF8 CNACC 19 
COER e CDEI&DT*(CLOAN-C4EPP) C4TACC 25 
CCD? a DuUU!S.(WltT-RhI:TL).COEBe(PINT.NtiWTC) CATACC 21 
POP m rCP~o.PICcZ~j&T) CRTACC 22 
PENCA' a C2m1.cSuPN.ElPL-UNEXPL)/POP CITACC 23 
ARLSK 9 ALAY.AULAi.CLDA CATACC 24 
ACLSK a ACL&T.ACLAM*CREVOC14T CRTACC 29 
rARILA 9 FAQ!LA.DyerAQIL CATACC 26 
rARIL a ADL9KACLSK ClITACC 27 
JSREVL 0 CS4EvLeDTorA4IL~eXP(.D1NeTI CATACC 26 
rAk"IIA 8 IARPlA.O?.orAPII CNTACC 29 
rARMI a rAPIL.r~kolc CATACC 30 
VLA'ED a VLAC'T*VLA9Erm CITACC U1 
VALCAP a VArAI'L.VLAND CATACC 32 
iLDTAX 4 VL-!3'.VLDTX" CRTACC 33 
VLAPFDH 9 VLA&f/(TnLROC272) CRTACC 34 
VLDTXR *'A/(GLR*C273) CATACC 31 
CCHLDR 8 vLPflH/VLADdo CRIACC 3s 
CnvAE'.A a G-,vPEVA*DT*:(,VAUV CATACC 37 
GOVREV a TAWC'AIl':P*LUTAX CRTAC. 36 
EIP05 a VLA4D-VACAPL-CL'r-DSTOUS CATACC 39 
ACADYC @ rI.'CI.VO~pc5 CRTACC 46 
CPDAV v AP'I-:lCPI.R&EQPUS. ACRDTC) CRTACC 41 
Ncrp 0 AMqAXICfAB2L.c239*FARNI1C.EXPLIV. $0) CRACC 43 
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CATACC 43
 
CRYACC 44
 

Tocnoc s am&xttrAmIL-CZ39*rARmICatIPLIV# 8.1 


COAN a &m1mi(caDiv, IDCADC) 

CQTACC 49
ir(T.LT.4.)qo To 3io 

COTACC 46
ir(T.GT.8,)rO TO 290 


EWCKR a TAPtIF(VALSI.SMALL,$I*Olirr9toKiloTt 
 CNTACO. 47
 
CRTACC 40
Go TO 295 


290 EXCNR a ExCaR-DT*QCwEx 
 CATACC 49
 

295 RCHEX a ALI*EKCmRl*(XP(ALIS(T*&.)) CRTACC so
 

30o roacXA a rCQEXA*DT*rOQEA 
 CATACC 91
 

lr(T.LT.4)41 TO 321 CATACC S?
 

If(T.GT.10.)Gn TO 310 53
carace 


WP9 s TABLIE(VALSP.SMALLSZ#Dtrr$2*Kll#T) CRTACC so
 

Go TO 320 
 CATACC 99
 

310 jr(T.GT.14.IGO TO 315 CRTACC 96
 

WPO a WP8jq(j.*WPPR0(Twjo.)j CATACC 97
 

Go TO 320 CATACC so
 

315 WPBC 9 1*PACI*(j.*dP8CRr(T910*)) 
 CATACC so
 

WP8 & %PBC/4.3 CATACC 68
 

320 IF(TJQ.7.)FxSwR a 19 CRTACC 61
 
61MAR 8 WPq*E1CwR*(j.#.s*exsu@jqpA CRTAC: 62
 

FO&EX a WPII-EXPL 
 CATAC. 63
 

SUBSE e rORFX*EXCWROE96V$ 
 C11TAC^ 64
 

SUSSA a SUBqA-DT*SUOS CRTAC: 69
 

SUBS a SubSF-CCDT#AGSjf*A4SVM CRTACC 66
 
Ir(IPPIhT.LT.1)kEU*N CRTAC: 67
 

PRINT90C.T CATAC: 68
 
CRTAC: 69 

PoINT92:,rA*IL.FAOILA.rAnmi.r&RmlAoDSOEWL.APLSKACLSK#PCPPE4CAP CRTAC^. 70 

POthT93C.VALCAP'.VLAND.VLOTAX.VLAND4oVLDTXN#CONLDX*$CVREV#COVNEVA 

PRINT91C.CRFP.CINI.COEB*EOPOS*CRDAV#CLOANTDCRCC*hCrR#CCOT 


CQTAC: 7t
 

PR14T940.S6"5.SUBSA.SJOIE.RCHEX.EXCMR.rD*EX.rONEXAoFX14ANoWPA 
 rRTAC: 12
 

PETURh CRTAC: 73 
900 FORPAT06MV'UTPUT OF StuROUTIME CRTACC AT TImE.re.2) CATAcc 74 

910 FORMAT(IHO,91.4wCQEP.81,44CINT.OX#40CDES.ex.SwEOPOS.71*514CADAV.YX. CRTACC 75 

I 9MCLOAN.7X.6"7:CNCC,6X.4wCrqgx,4HCCOT/1"3ogX#9f&2,4) CQTAC. 76 
92f rORMAT(IM3,OX.51-FARIL.7to6mrARt6A#61#5"fAPMloX.6wrARmIA061. COTACC 77 

1 6"DSOEVL'.61.SNAPLSgoX.SAACSK.79,3HPOP.9X,6wPERCAPII1400 CQTAC: 78 

2 8X*9F12.4) CRTACC it 
931 rOMMAT(INCtX.6mVALCAP.6X.5WVLA40,?XGHVLCTAX.6Xt6MVt.A40HOSK# CRTAC: so 

I 6HVLDTXN,.6xo6mco"iox.61.6"aovn6vo6xo7moov@EVA/twoolso CQTAC. si 
a SE12:4) CATAC. 82 

940 rORMAY(lMC,*X.4kSUBS.91*94$UBSA,?X.SWSUISf.?X..dINRCMFX#7ws$WFXCHN. CRTACC 63 
1 7xo9wrORExo7xo6MF3lEXA.6so5mEXoiA4o7X-03wWP8/1w0-81&9f12s4) CATACC 64 

CATACC 89 
14VISTMENT ACCCVNT 

c CATACC 67 
ENTRY COTSEt CATACC Is 
ExsUe a 0. C11TACC so 
rAptIL a 0. CATACC of 
rARILA 0. CATACC 96 
FARMI 8 0. CRTACC 92 
rARi41A 0. CATACC 93 
GOV:E CRTACC 94 
GOV EVA a0;: CATACC 99 
DSkfVL 0. CRTACC 96 
SM 0. CATACC OF 
SUISA 0. CATACC to 
rOREx 0. 

c INITIAL VALUES FOQ NO CATACC 66 

CRTACC to
 
FOREXA 0. CQTACC too
 
ETCMR 0. CATACC Sol
 
WPO 0. CRTACC its
 
CREP 0. CATACC t63
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CQIACC 1S'
Coto 9 0. 

COYAC: toll
CLO*'4 6 S. 
ClIYACC to&
DuTOUl a 5. It?
REUNCRTeCC 

dcT:- see
[ImD 
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SAOUTtI GAPH4TI|ILo.V.TPoVmAIToOUT)
IrtAr*T$4004081 

GRAPH 
GRAPH 3 

Lt £rcy-1 ige::::aI 
1s Ir(.t2)6O,eg.3I 
31 |€T-Tr20?,4C.4140 OUT 9 O. 

@[TURN 

GIAPH 
$MAP%4 
GRAPNHGRAPH 
ORAPH4 

4 

So OUT S VMazei1-tI)hu?1*) 
RETURN 

GRAPH 
GRAPH 

9 
tI 

46 OUT a VHAl 
RETURN 

GRAPH 
GRAPH 

it 
It 

?l Out a vMAx.(Tr-t)l(TF-ll 
RETURN 
iP 

GRAPH 
CRIP 
GRAPH 

13 
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ruNcytok TAPLIf(VAL#s4ALL@virr.K*DUMHT) 

DIMINSION VAL(l) 

DuM a ANINIIAMAXI(oUMIIY*SPIALL*,doi@rLCAT(x)*DlrI 

I a 1.*DUM/DlFr 

irti.Eu.Koistax 

TASLIE a (VAL(:01).VAL(I)IO(OUN-rLOAT(t-i)eotrr)/DlfF*VAL(l) 

RETURN 

END 


TAILIK 2 
TA9611 3 
TAILIE # 
TAILIS 9 
TAILII 6 
TA81.19 I 
TAILII a 
TAILIf
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ruNcTioN TAIEXEIVAL#34ALLocirr,-K0 ou"my), TASIXI 
TAPEII 3
DINNSION VAL(V 

TADENI 4
CUM's DUMMY*SMALL 

TA9EXI I
 
TAGEIG 6
TAIEYF o (VAL(1*1).VALII)$*(CUMoFLCATtt.ti*oirrt/DlrF*ViL(I)-

TA9[XI 7 

RETURN 

TABIX9 6


END 
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SUBROUTINiE OELOT(SIkR.RUOITN.CROJR.3EL.IDT.51.KI 
DIMENSIONi CROUP~1 
DELI a DEL.ILCAT0DT)/jLOAT(K)eoD) 
ROUTt a 0. 
00 2 Jetlv 
RIM a RINR/U'LfA?(?DT) 
DO 1 JI.x 
ABC a CROUTSI)
CftOUTp(I) a AM*C(*IN.AC)INLI 

I Rim a ABC 

a ROUT* 0 NOUfTROVIOUYE(g) 


RETURN 

two 


OILO?
 
O&LO? 3
 
DELO? i
 
OILO? I
 
DE 6
SLO? 
SILO? 
OSLO? I 
SILOT 9 
OILO? is 
OSLO? is
 
OSLO? It
 
OSLO? is
 
OSLO? if
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