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ABSTRACT 

A ~IMULATION 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, wlth 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 revlsed and lssued as a 

national cattle development plan. The main lnstruments of 

this plan are credlt, 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 d~velop 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 regiona~ 

production 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 addedtheproduction 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 control in 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 (froID 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 aboye 

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 out comes 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 



Alvaro Posada 

operation; (4) the projected area in improved land with the 

increased land tax rate was greater than the base run which 

assumed current land tax rates; (S) 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, availabilit~ of credit for iand 

improvement does not seem to be a seríous 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 use fuI methodological 

tool for policy analysis. 
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PAR T 1 

INTRODUCTION 

The Problem 

Although planning for development has be en 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 eritieized as being'essentially tech-

noeratie exercises; the general publie has eontributed little 

to plan objeetives and serious intention to implement has 

been laeking. As a consequenee, development plans have en-

joyed minimal general support and have had little or no 

effeet on ehanging the eountry's economic, social and polit-

ieal struetures [26J. 

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 

r1nancl~1 and lnatitutional support for fulflllment of the 

plan'D goalR. 

1 
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In Part r, Chapter 1 discusscs the scopc and procc-

dure of tho ntudy and IH'!cfly out] iw,,; Lh,' "::.v:;j,¡'1I1;· ;'1'["''':1('11'' 

ufled. Chapter 2 is a brief descriptive account of Golornbtan 

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 
I 

specifications and procedure. 

Part 11 details the Northern or Costa modelo 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 111 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 te changes 

in certain parameter values. Finally, Chapter 13 presents 

summary and conclusions, and outlines areas for further work 

in refining, improving and extending the modelo 



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 producto 

But despite the agricultural industry's importance, 

the production of basic food crops has barely kept pace 

with a 3 percent population growth rateo 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 

tlas been dominated by agricultural exports wbich accounted 

I'nr' '7fl pel'cc!lt of' total f'oreie;n earnlng:t~ In 19'70. WhUe 

3 
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cofree has remained the country's major export, its shRrp 

of the total value of exports has declined from 7? percent 

in 1960 to 61 percent in 1970. As a proportion of all agri­

cultural exports it has declined from over 90 percent prior 

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

on agricultural exports which have unstable world markets 

Ce.g., coffee, bananas, sugar and cottonl has undesirable 

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 of helping remove both the for­

eign exchange and instability constraints. 

Yet in order to fully exploit the natural comparative 

advantage 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 the 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. 
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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 catt1e 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 [61J, the Food 

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

[6J, the World Bank [42J and the Instituto Colombiano 

Agropecuario [31J. Production problems and projections have 

been recently analyzed by Henning [29J, Von Oven [60J, and 



Atkinson [67J. Bowser [5J attempted to make production pro­

jections by regions and establish surplus snd deficit areas 

under two systems of management. Daines [68J is attempting 

to incorporate the cattle subsector into a broader sector 

analysis of Colombian agriculture. 

More specialized studies on diseases and reproduction 

problema have been done by the Instituto Colombiano Agropecuario 

(ICA) and Gomez, respectively [31, 24J. Slaughtering, market­

ing and opportunities for exporting have been studied by 

Anderson (2), Booz, Allen and Hamilton [4J, Secretaria de 

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

Profitability studies have been done by the World 

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

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

[34J. More recently, the Centro Internacional de Agricultura 

Tropical (CIAT) [9J 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, straightforward, 

algebraic estimates. The credibility of these estimates has 

always been questioned because of their reliance on time­

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, farro income, government revenues, foreign exchange 

earnings, and others without neglecting the interactions with 

other subsectors of the agricultural economy. 

This dissertation is an attempt to integrate the 

available information into a computerized model that will 

provide the poliey maker with a more informed basis for 

planning development strategies for the Colombian beef pro-

duetion system on the basis of the learning experienee from 

the Northern region. The basie parameters and struetural 

relationships estimated in this study ean be utilized in the 

future for modeling 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 

simulators of cattle population and related activities 

developed for Nigeria, Korea, Northeast Brazil and Venezuela 

[53, 62, 51, 55J. The cattle population simulator developed 

by the World Bank [43J also has provided an invaluable 

experience. 

General Systems Simulation Approach as a Tool for 
Geef Po11cy Analys1s 

l'n rl~c~nt ypat'~~ t,}¡Pl'C has bl:~cn an Incl'ea::;lng 1ntcr-ect 

in the utilization of the systems approaeh for analyzing 
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complex developmental problems. Computeri ?ed techrdclu,'" 

llave hc'lped automate the haml ealculatlot1 pl','e,';'," m"l "'\,:lll<l 

the range of alternatives which can be examined. Policy 

makers and researchers ha ve been placing more confidence 

and credibility on the general system simulation technique 

as its methodology and approaehes for development have been 

better understood and developed [25, 46, 47J. PUblie 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 deeision makers use without 

specializing in any one teehnique to the exclusion of tech­
/ 

niques frequently used by decision makers./ln addition, the 

approach carefully avoids premature applieation of maximiza-

tion teehniques in situations where decision makers realize 

that the multiplicity of goods sought and bads avoided has 

not yet been redueed to a common denominator. These eharac-

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 [47J. J 

Researchers have been provided with a technique for 

analyzing the problems of development without the method-

ological and theoretieal 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.!! 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 [50J, and Johnson [47, 49J 

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-series and 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 
ized techniques see Manetsch, et al., [53J. 
applications to the Nigerian cocoa industry 

various special­
For particular 

see ChODG ~~. 
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be used for policy analysis and prescriptions [53J. 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 poliey analysis of the 

eattle industry in Northern Colombia. 

The general systems simulation approach, following 

the principles of the seientific 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. l / 

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. 

l/For more detailed discussion of the philosophy and 
methodology of the general system simulation approach for 
problem-solvinr; research, see Manetsch et al., [531, Abkin 
rll, and Rm,smlller et al., [621. 
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There are four distinguishing features of the general 

system simulation approach particularly useful for the policy 

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

generalized approach which makes use of a wide range of 

primary and secondary information 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 industry from 

various disciplines. Also a wide variety of specialized 

techniques are used from econometrics, linear programming, 

partial budget, project analysis, etc. Since the research 

and model-building 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, curvilinearities, discontinuities, 

time 1ags, probabilities and irreversibilities. 

Third, the approach does not have to assume Cbut does 

not prec1ude) any profit or uti1ity maximizing producers 

and consumers, or any self-equilibrating economic adjust­

ments. It does not necessarily involve a unique set of 

optimizing solutions based upon a common objective 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 managenent strategies 

• 
that ultimately will assist policy makers in determining 

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

consequences of aIternative courses of action in terms of 

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

of people, when, and in what quantities. After such projec-

tions are available, interaction among investigators and 

policy makers will lead to a better understanding of the 

trade-offs among the numerous goods and bads involved in 

the solution of the problem. DeveIoping, extending 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 sorne quantitative techniques of analysis 

in examining the problems of economic development. 

Further, in the iterative process, decision makers 

and investigators can work interactively to solve the remain-

ing two major theoretical difficulties found in the analysis 

of deveIopment when using sorne other problem-solving tech-

niques. First, the sequence in which different action pro-

grams should be undertaken can be estabIished, thus resolv-

ing the problem of how programs and projects (actions) can 

be ranked. Then, when consequences of alternative decision 

rules can be projected and studied, it is possible to develop 



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 ls 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 modelo 

2) To use the simulator 

a) to analyze the effect of new productlon 
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 l~vel 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 ha ve 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 erop and livestoek production; 

the remainder is under forest or is wasteland. Cropland 

occupies approximately 5 million heetares, which leaves 35 

million hectares under livestock. Even if crop acreage 

increases at 7 percent per annum during this decade, whieh 

would be very rapid vrowth, there 8t11] would he 10 m1JJ1on 

1lectnrc~1 in ¡<li10 with no pY'artlcaJ aJternntlvp use bu\; ¡~ra7,­

i ne;. 'I'he na tion has the choice oí' produc ing ca tt le on this 

1'3 



are the only scaree lnputs used by the livestoek subsector; 

thus cattle produetion ls not currently a competitor with 

crops for scaree land. 

Although statistical data are not extremely reliable, 

Colombia supports about 20 million head of cattle, including 

sllghtly more than 17 million beef animals. The rate of 

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

annuro over the period 1950 to 1969. Sinee 1956, the rate 

has been close to 3 percent [41J. Although Table r.l shows 

that herd numbers increased at about 4 pereent per annum 

over the period 1965 to 1969, rCA [31J has projeeted 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 

produeing areas (Figure r.l).lI 

1) The Atlantic Coast at an altitude of between 
O and 500 meters includes Cordoba, Bolivar, 
Atlantieo, Sucre, Cesar, Magdalena, Guajira, 
and Northern Antioqula. Average temperature 
exceeds 24°c and annual rainfallvaries between 
250 mm and about 2000 mm. Cattle population 
ls approximately 7.6 million head and are a in 
pasture 9.7 million heetares.~ 

l:./Max F. Bowser, "Prerequisitos y Potencial para la 
Exportacion de Carne 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 [6J; for region 4, from 
Bowser, lbld., 684; and for region 5 from rCA [3lJ. 
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ocean 

Venezuela 

Brazil 

!KEYI 
1 ATLANTlC COAST Peru 
II CENTRAL & UPPER MAGDALENA VALLEY 

III CAUCA VALLEY 
IV EASTERN PLAINS 

V SOUTHERN REGION 

~[l}UH~~ 1.1. Colomhia--tne five beef cattle producirlg regions. 
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2) The Central and Upper Magdalena Valley at an 
altitude of les s than 1000 meters includes 
Central and Southern Antioquia, Eastern 
Caldas, Tolima, Huila, the Santanderes, Central 
and Western Boyaca and Cundinamarca. Average 
temperature exeeeds 24°C and average rainfall 
varies between 2000 and 4000 mm. Cattle popu­
lation i8 approximately 4.3 million head and 
area in pasture i8 5.6 million heetares. 

3) The Cauea Valley at an altitude of les8 than 
1100 meters ineludes Valle, Cauea, and parts 
of Caldas, Risaralda and Quindio. Average 
temperature exeeeds 24°c and annual rainfall 
varies between 1000 and 2000 mm. Cattle popu­
lation i8 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 inelude Meta, Eastern Cundinamarca, 
Eastern Boyaea (Casanare), Arauca, Viehada and 
Guainia. Average temperature exceeds 24°C 
and annual rainfall varies between 2000 and 4000 
mm. Cattle population is approximately 1.5 
million head and area in pasture is 16 million 
heetares. 

5) The South, at an altitude of less than 1000 
meters ineludes South Eastern Nariño, Caqueta, 
Putumayo, Amazonas and Vaupes. Average tem­
perature exceds 24°c and annual rainfall varies 
between 1000 mm and 4000 mnl. Cattle population 
is approximately .69 million head and are a in 
pasture is 3.5 million hectares. 

Production and Marketing Systems 

Cattle produetion in Colombia is an extensive opera-

tion depending almost exclusively upon pastures as a souree 

of feed inputs. Limited amounts of feed eoncentrates are 

being used in the more intensive dairy operations, and there 

are a few cases of eonfined feeding of steers. 

For the nation as a whole, the average carrying 

capaeity is about 0.57 head per heetare, but there are wide 

differences in eapacity among the various elasses of pastures 
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TABLE 1.1. Catt1e Numbers in the Nationa1 Herd and Export 
of Live Anima1s, 1960-74. (1000 head) 

No. of Change in Registered 
Year Catt1e Inventory Exports 

1960~ 15,329 529.0 
1961 15,679 350.0 
1962 15,979 300.0 
1963 16,279 300.0 

3.121 1964 16,584 305. O 
1965 16,882 298.0 76.0 
1966 17,372 li90.0 58.4 
1967 18,082 710.0 19.8 
1968 18,830 748.0 19.1 
1969 19,576 746.0 58.3 
19702.1 19,742 166.0 125.8 
1971 20,33 4 592.0 191. 7 di 
1972 20,99 4 660.0 2l¡S.0_ 
1973 21,573 579.0 282.0 
1974 22,328 755.0 329. O 

Cattle inventories between 1960 and 1969 are from World 
Bank Report [41J. 

~/ Exports between 1964 and 1971 are from Sarmiento [63J. 

Si Cattle inventories between 1970 and 1974 are projections 
by ICA [31J. 

Exports between 1972 and 1974 are low target projections 
by Instituto de Comercio Exterior, INCOMEX [35J. 
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and regions. The artificial pastures whicb nm],p up abouL 

one-third to two-fifths of the total pasture area [61, 66J 

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; sorne 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 sti11 account for approximately 20 percent of 

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

by Cebu (most1y U. S. type Brahma) for up to three or four 

generations. The hybrid vigor of the first eros ses 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 existo 

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 les s than 10 head of cattle 

per farm. Sixteen departments surveyed by the Departamento 

Administrativo Nacional de Estadistica (DANE) [14J 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 i8 

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 ayear 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 

i8 about 4 years, although sorne 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 [60J, 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 provine e 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 g!'owth are 

affeeted materially by inadequate health control measures. 

Major di seas es 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 O), rabies, 

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

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

parasites. Although effeetive 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 Agropeeaurio--ICA--

at Ps. 332 million annually [31J. These losses are produced 

by death, reduced weight, retarded maturity, reduced milk 

production, and culled animal s 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) [31J. Losses 

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

sorne 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 los ses 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; 

los ses 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 los ses 

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 mineral s 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 



animals become infertile or fecundity is reduced; and this 

in turn greatly lowers the birth rateo Gomez [24J 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 examp1e 

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 heetare-year for most annual erops and with 

120 to 300 for most vegetable and fruit erops [69J. 

Daines [70J gives another measure of the low labor 

intensity and high investment requirements to generate new 

employment in livestoek. In livestoek1/ labor is 1.0 to 4.3 

pereent of total eosts as eompared with 20 to 68 pereent for 

rnost erops. And it takes from 6,300 to 26,255 dollars of 

investment to generate a new direet man-year of employment 

in livestoek as compared with 300 to 3,270 dollars for rnost 

erops. 

The failure of the supply of livestock commodities 

te react to the high demand elastieity by which they are 

eharaeterized is attributable not only to produetion difficul­

ties but also to the problems ereated by eurrent marketing 

systems. The deficieneies affeeting the rounding-up and 

transport of livestoek, as well as slaughter and beef di s-

tribution, are manifold. 

The marketing system is extremely fragmented; many 

small buyers and cornmission agents serve the ranchers, and 

there are many slaughterhouses, many agents placing meat in 

slaughterhouses, and many small stores selling meato Most 

animals are bought on the farm, and are usuaIly purehased 

with little eonsideration of weight or quality. Cattle are 

shipped direetly to "ferias" or stoekyards, whieh are located 

througheut Colombia. Medellin 1s the most 1mportant market 

and oft~n sets the price standard for the country. 

l/IncIudes wool, eggs, poultry, pork and beef. 



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 Llanos for instance--lose up to 15 percent of 

their weight, in addition to which mortality must be taken 

into account. Severe weight los ses are also registered in 

animals taken by boat; in some cases the time betwee~ the 

departure from the farms, arrival at the port of loading and 

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

days or longer. Although truck and rail transport cause 

fewer losses, these means are deficient and costly and the 

animal s are badly mishandled in transito 

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 

veterinary services for proper inspection of the cattle on 

the hoof and the meato One of the chief drawbacks i8 too 

many small slaughterhouses where the volume of operations is 

not large enough to finance the equipment, construction and 

services which would be required for efficient organization. 

Only about 5 percent of the slaughterhouses are located in 

major cities and provide technical and hygienic services. 

Among other serious deficiencies in the slaughter 

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 1iveweight basis, 

were approximately 5.17 pesos per kilogram in early 1970, 

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

consumer beef prices ha ve increased by 18 percent from 1964 

through 1969, while prices at the ranch only increased by 

13 percent [41J. 

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 1964 the officia1 exports of 1ivestock products 

were negligible, but have since shown substantial increases. 

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

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 [35J. 

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. $2.4 million and U. S. $1.08 thousand 

in 1965, respectively. 
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Peru has been the mcst important market for live 

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 

milI ion head after increasing the former by 10 percent to 

account for unregistered or clandestine slaughter [63J.~/ 

Although the trend in cattle slaughter has been 

upward, there ha ve been significant variations [23, 61J. 

From 1954 to 1957 slaughter increased 27.5 percent and then 

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

increased again by 30 percent. Frem 1965 to 1968 slaughter 

decreased by 3.3 percent and then turned upward again during 

the next three years. 

Slaughter of male cattle f1uctuates les s than that 

of females and averages about 60 percent ef total slaughter. 

Female slaughter averages about 40 percent of total slaughter 

and has ranged from 34 percent in 1954 to 44 and 43 percent 

in 1951 and 1965 respectively [16, 61J. Consequent1y, the 

year-to-year variations in total catt1e slaughter ha ve been 

l/ThiS refers to domestic consumption. Official 
statistics usually include registered exports of beef and 
live cattle. 



29 

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 carcas s 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 

1970,11 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 les s kilograms [31J. Undoubtedly beef con-

sumption by the mass of the population is below the recom-

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

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 

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

rates of growth in popu1ation and real income per capita of 

3.2 and 3.0 percent respective1y [31J. 

·!/l~~}t,lJn"lt(:-. bél~){'d nn an overalJ dr'e~~f)(~d caf'(~as~; 
:IVt'I':I¡';t' nI' ;'i1(t kl",. 
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Ri1ey [61] and lCA [31] have projected domestic con­

sumption in 1975 using different estimates for the average 

consumption per capita. According to Ri1ey, if per capita 

consumption remains at 23.75 kg. annua11y--the average for 

the 1958-60 period--domestic consumption in 1975 wou1d 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 wou1d doub1e the 

base period average. The ICA estimate shows that if per 

capita consumption is 25.9 kg. annua11y--the average for 

1964--domestic consumption wou1d increase to 640 thousand 

tons by 1975 or about 85 percent over the base periodo 

The parameters determining the rate of growth in 

demand and the estimates of domestic consumption suggest the 

need for we11 coordinated government po1icies if the goa1s 

of improved nutrition, production incentives and increased 

foreign exchange are to be attained. If beef supp1ies are 

not increased substantia11y, the income of the lower income 

group is not raised, or beef substitutes are not avai1ab1e, 

1arge numbers of the population wi11 continue to be under­

nourished. 

Nationa1 Po1icies Toward the Catt1e Industry 

Taxation. Incentives for beef catt1e production in 

Colombia are crucia11y affected by government po1icy. Catt1e 

raising is subject to the same income and comp1ementary 

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 pollcy 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 approxlmate 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 ls also designed to encourage ranchers 

to engage in breeding actlvities or to hold females rather 

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

A net worth tax exemptlon and two taxes support thls policy. 

The first is a slaughter and export tax whlch differentlates 

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. 11veweight per head 

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

of this tax varies froID 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 milIs on the assessed value 

of land is also levied on the cattle subseetor. Additional 

surtaxes of three and two milIs are levied on assessed 

properties in the areas eomprising the Corporaeion Autonoma 

Regional de Valle del Cauca (CVCl and the Corporaeion 

Regional de la Sabana (CAR),lI respeetively. 

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 erops and cattle fattening, 4 percent for 

eattle breeding,~1 and is also subjeet to the normal pro-

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

lIThese are regional development corporations with 
headquarters in Cali and Bogota respeetively. 

~I Javier Ayala, "Nueva Propuesta Sobre Ley Agraria," 
El Tiempo, (Bogota) January 20, 1972, p. l. 
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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,lI 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 



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

gradually as the total land value increases. The balance 

will now be paid in five years with interest bearing and 

negotiable government notes. 

Credit. Government direction of agricultural 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 

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

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 

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

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 

through allocation of the general inventory tax. These 

credit institutions which specialize in livestock develop­

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

breeding and growing. The law also requires that commercial 

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 cornmercial 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 rateo 

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 Banco 

Ganadero. The Caja-INCORA scheme is financed by a loan from 



AID to INCORA, and funds for the Banco progra~ come from 

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

froID 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 periodo 

Another form of credit quite common in Colombia, 

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

forro of cattle for which the rancher provides pasture and 

supervision. Profits are shared when the cattle are soldo 

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 financiero 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 

cred~t. Rece~t 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. 

Changes 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) Rreferential rediscount rates for Caja Agraria, 
Banco Ganadero and INCORA. 

(5) Obligatory investment by commercial banks for 
32 percent of its loan portfolio for develop­
mento 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. 

Dtscase Control. With an international cornmitrnent 

le) ('()j]trol foot-and-mouth djsease (PMD) Colombia has entrusted 

to JCA the attainment of this goal and the erad~cation of 



bruccJlosif3. 1'0 meet ih; l'oJllmitment, and wil1, ti\(' fil\t11iC'i:ll 

technica1 assistance of the Pan-American 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 popu1ation will be treated by the end of the 

periodo In the same year the proportion of cattle treated 

in the rest of the country wi1l 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 

Y"El Gobierno Modifica Su Politica Ganadera," 
El Espectador (Bogota), November 7, 1972, p. l. 
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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 measures to promote exports are a 

more flexible exchange rate policy and a 15 percent tax 

bonus (Certificado de Abono Tributario--C~~incentive for 
'~ 

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

CATs may be traded at a discount or used after one year of 

issuance for tax payments. More specifically, the govern-

ment has begun to promote beef exports through a semi-public 

lending institution, Corporacion Financiera Agropecuaria 

(COFIAGRO). About 80 percent of COFIAGRO's 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 markets. Begin­

ning July 1972!/ beef has been banned two days a week from 

restaurants, hotel s and similar public outlets. Peginning 

January 1973?/ a quota system regulates exports to avoid 

.!/ Jaime Sotomayor, "Veda de Carne Dos Dias a la 
Semana," El Espectador, (Pogota), June 30, 1972, p. l. 

?/ "El Gobierno Fij a Cupos de Exportac ion de Carne," 
El Tiempo (Bogota), December 11, 1972. 
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domestic shortages. This measure requires the gradual 

phasing out of export of live animal s and an increase in 

beef and processed meat exports. 

Domestic marketing of beef is also being improvcd; 

the Banco Ganadero in cooperation with USAID has placed 

special emphasis on financing the modernization of slaughter­

ing facilities. 



CHAPTER 3 

THE REGIONAL SETTING OF THIS STUDY 

The Geopolitical Setting 

The states or departments of Atlantico, Bolivar, 

Cesar, Cardaba, 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.1/ 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 la percent of 

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

The Atlantic plain ls located between the Caribbean 

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

Colombia. It is characterized by flat and swampy lands in 

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

by slightly undulating to rugged lands in the areas aboye the 

valleys floors and in the surrounding mountains. With the 

l/The other four are: Andean region, Pacific Coast, 
Orinoco region and Amazon region. Geographically the depart­
ment of Cuajira and the Antioquian region of UrabA are included 
in the Atlantic plain, but for a11 practical purposes this. 
study will refer to the slx departments 11sted. 
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exception of the Sierra Nevada de Santa MartR in the north­

east, the altitude varies between O and 500 meters. 

The most important rivers are the Sinú in the west, 

and the Magdelena with its three major tributaries, the 

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

San Jorge and Sínú rivers are navigable and serve as impor-

tant means of transporto 

The regíon has a relatívely good network of roads 

whieh connect the main urban centers, but access roads to 

the agricultural areas are few and inadequate, espeeially 

during the rainy season. 

The railroad connects the port of Santa Marta with 

Bogotá, Medell1n 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 eharaeteristic of other regions in Colombia. First, 

the total population in the Costa has been increasing at an 

increasing rateo The annual average rate of population 

growth is estimated to be 3.23 percent. ll If it eontinues 

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 Iow 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 pro por-

tion af economically active papulatian engaged in agriculture, 

forestry, hunting and fishing ranges from 60 percent in the 

departments af Cordoba, Boli var, Sucre, Cesar and l'lagdalena 

to 16 percent in the department af Atlanticb [17J. 

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 Atlantico 

than in the more agricultural departments. (These estimates 

are based on information collected by the Departamento 

Administrativo Nacional de Estadistica [DANEJ.) In 1970, 

DANE1/ examined the family income of urban and rural workers 

in the Atlantic region, in four other Colombian regions, 

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

estimates that 63 percent of the employed urban populatian 

and 84 percent af the emplayed rural population had a 

monthly income af 1,000 pesos~/ or less. 

The 1970 DANE sample estimated over unemp10yment 

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

economically active papulation far the urban and rural areas, 

respective1y. But unemployment is more serious than these 

figures suggest. The number of peaple suffering from shortage 

of work is probably larger than the observed numbers actively 

lIDANE , Encuesta de Hogares 1970, Bogotá, June (1971), 
pp. 1-59. 

~one U. S. do llar 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),11 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 

frOID December through March, and a high rainfall period 

l/In this and the following two sections, 1 have 
drawn heavily on the Magdalena Mission Report [13J. 
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from April through November. In general, rainfall inereases 

and dry periods are shorter from north to south. 

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

rainfall average s less than 900 mm. The humid savannah 

reeeives 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 reeeives hardly any 

preeipitation in the dry season, whereas the other zones 

reeeive a fairly substantial amount throughout the year 

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

The annual average temperature is about 27°C. Through­

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

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

temperature and humidity to drop slightly, but this effeet 

decreases with increasing distanee from the littoral. 

The natural vegetation of the Atlantic region can be 

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

savannah in the north eharacterized by xerophitie and sub­

xerophitie vegetation and grasses; (2) the humid savannah 

in the center characterized by a mixture of natural grasses, 

seattered shrubs and thin to thiek forest in the more wet 

areas near the rivers and in areas with higher rainfall 

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

distinguishlng feature from north to south is the vegetation 

change from the sparse savannah to the lush rain forest 

assoeiated with increasing abundance of precipitation. 



In general, the four ecological zones providc a 

good habi tat for grazlng animals and crops. 'l'he dry.-humid 

savannah in the north ls 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 cropplng. The humid savannah, the largest and most 

important agricultural zone, produces most of the region's 

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

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

double cropping may be possible. This region al so 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. 

So11s 

Seml-detailed so11 studles of the Costa region have 

been made by the Instituto Geográfico Agustin Codazzl (IGAC) 

[38J, the Instituto de Fomento Algodonero (Cotton Development 

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

Magdalena Valley [13J. These studles also contain informa­

tion which correlates soi1 types and phases with potential use. 

So11s 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 related to these 

soil groups. Alluvial soils are characterized by slopes of 

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

heavy, with deep topsoil and drainage varying from we11-

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 soi1s with sorne degree of salinity. 

Quarternary soils or terraces are old alluvial 

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

hard ar clay pan at varying depths. Soil textures are 

light and drainage is imperfecto Soil pH ranges between 

5.0 and 6.0 and the nutrient cantent is law. 

Tertiary soils have undulating slapes ranging widely 

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

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

susceptible to erosiono Soil pH ranges between 5.5 to 

les s 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 rnetamorphic rocks. Though the high nutrient 

content of sorne of these soils would ordinarily make thern 

suitable for coffee and other perrnanent crops, because of 

their erodability their best recommended use is in foresto 



Based on studies by the lGAG [38J, th~ Magdalena 

Mission [12J, and the Gotton Development 1nstitute [36, 37J, 

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 ecenomically 

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 predeminant characteristic 

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

60 percent of farms were privately owned and included 

seven-eights of the agricultural land [12J. 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. Co~ta-Larld Classes and Recom~ended Use by Departnlents. ('000 has.) 

~ 
Bolivar Magdalena Recornmended 

Use and and Land 
Lar.d Class J'\tlantice Sucre Cordeba Cesar Total Use 

l-ii.1eJ 1 drained 21.60 90.60 38.50 183.70 33~.~O }crops and 
2-~onflooded irrpr- cattle 

fectly draine.j 59.CC 20.00 ,.30 116.60 198.90 (533.30) 
3-Pe~1odically flooded 

& poorly dralned: 
a-~!ater lop:ging 103.1~ 155.63 E6.20 32~.97 Cattle, crops 

occasionally 
t-One-month floodings ':l.é!.!. 141.82 37.80 226.09 411.35 
c-?our-mont~ floodings 7.63 317.84 82.48 154.32 562.27 

)"", e d-~ore than four- (2,813.00) 
r;:·cn"th floodirgs ~.QO 1,452.90 133.30 86.88 1,693.08 

4-Saline J.7.20 52.30 15.20 61.60 1'16.30 

~otal Land 

I 
131. 07 2,178.60 466.21 895.39 3,671.27 

5-Lakes ~5.00 47.10 25.20 129.82 227.12 

Total Area 156.07 2,225.70 491.41 1,025.21 3,898.39 
6-I2.ua t ernary terraces 0.50 65.90 218.10 381.~0 665.90 }Cattle, cash crops 
7-Tertiary sojls occasionally, rood 

a-Slope .:.. 25% 22.00 315.20 422.40 396.90 1,156.50 crops (1,822.40) 
b-Slope ::> 25:1, :í2.00 573.00 310.00 761.00 1,696.00 

8-Sandy 8011s and }cattle 
dUrJ€s: (2,0 42.66) 
3cr; < slope ~ 25% 33.36 313.30 346.66 

Total Land 107.36 954.10 950.50 1,852.60 3,81i5.o6 
9-Eroded and 

¡,1o;lntain S011s 62.10 511.70 1,075.60 1,791. 70 3,441.10 Forest 

Grand 'Total 326.03 1 3,691.50 I 2,517.51 4,669.51 111 ,204. 55 
1 ----- ----- ---- -- -

Adapted from f13, 36, 37, 38J, and p~rsonal information from the Geographic Inst1tute (TGAS). 

U'1 
W 
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TABLE r.3. Costa--Distribution of Parma According to 81z0, 
1960 

Area Occupied by Parms 

Size Categories Has. Average 
(has.) No. Percent (000) Percent (Has.) 

Less than 10 120,793 67. 5 241 3.4 2.0 

From 10 to 100 43,741 24.4 1,491 21. 3 
I 

34.] 

From 100 to 500 12,225 6.8 2,348 33.5 i 192.1 I 
Over 500 2,356 1.3 2,928 41.8 

¡ 
11,242.8 

TOTAL 179,115 100.0 7,008 100.0 39.1 

Source: CrDA [12, p. 72J 

500 hectares and occupy 42 percent of the 1and in farms. 

According to DANE1/ 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 ayear. 

Although crops have been increasing in importance, 

land use is dominated by pasture. .¡hile 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, 

15J. Artificial grasses are a low proportion of total 

Bogotá, 
l/DANE, Censo Agropecuario 1960, Resumen Nacional, 
February (1964), p. 21. 
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grasslands; 20 percent according to DANE [18J, and 45 per­

cent according to FAO [66J. 

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 [7J. Sesame 

and rice are also important crops, accounting for 59 percent 

and 23 percent, respectively, of the total Colombian pro­

duction in 1969 [7J. 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 froID 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 [7J 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. Planta in 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 



experimental farms. In the former, ylelds 0f cotton-sped, 

irrigated rlce 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].ll 

Low yields ha ve 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 

l/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 [7J. 

~/In 1960 according to DANE [15J, 98 percent of 
6esame, 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) Laek of basie knowledge on returns to 
the different faetors of production 
needed for an efficient allocation of 
resources and for eonsidering organiza­
tion alternatives 

(e) 1neffieient markets for both produets 
and inputs, ineluding capital 

(2) Human 

(a) Low level of edueation 

(b) Laek of ski lIs and training 

(e) Poor health 

(3) Teehnological 

(a) 1nadequate soils and range management 

(b) 1nadequate breeding, pest and disease 
control praetices 

(4) Environmental 

(a) Poor use of natural resourees 

(b) Downgraded quality of rural life 

Cattle Produetion 

Although there are not reliable time series estimates 

of the eattle population in Colombia, it seems that the 

Costa supports between 40 and 50 pereent of the total 

Colombian eattle population. ~able 1.4 shows the age and 

sex distribution of eattle in the Costa and the rest of 

Colombia aeeording to the 1968 sample survey [18J, but eare 

should be taken when eonsidering these figures. This survey, 

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

cultural census made by DANE seemedto have underestimated 

the total eattle population by 2.5 million head [29J. 



TABLE 1.4. Catt1e Numbers in the Costa and Non-Costa Herd, 1968. (1000 head) 

Less than 2 years Two and more Years 

Region ~lales Fernales Males Fernales TOTAL 

Costa: 

At1antico 34.95 52.86 14.90 133.18 235.8:; 
Bo1ivar and Sucre 481.81 487.12 172.40 1,167.15 2,308. t : 

Cordoba 381. 76 349.50 418.82 1,059.27 2,209.3~ 

Magdalena and Cesar 464.46 471.27 394.50 1,018.06 2,348.2~ 
c' 
'':;:; 

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 4,559.16 10,598.1'7 

TOTAL 3,328.75 3,799.15 2,635.46 7,936.82 17,700.1: 
-~ 

Source: DANE [18, p. 1J 
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The Costa is specialized in beef production from 

herds 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

nomia activities. In 1968 DANE [18J 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 demando 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 

lactating periods varying from 90 to 250 days ayear depend­

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

production is an important source of income for ranchers 

and a 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 
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'r'ALILl': 1.',. '~UT'p"JU:~ amI 11l'('I('11 1",lat,lou:,llIl"" in l\e'"" 
Procjuct:lon Among HC'g[oJl:', (;o]nrnhlil, "¡ll{·"-l"'(;' 

Difference 
Domestic Between 

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

1969 198,082 62,231 +135,851 
At1ant7e 1970 213,669 64,720 +148,9 49 
P1ain!!e 1971 240,325 67,309 +173,016 

1972 260,080 70,001 +190,O'{9 

1969 88,525 183,533 - 95,008 
Western bl 1970 96,423 189,224 - 92,801 
Colombia- 1971 105,763 195,092 - 89,329 

1972 115,360 201,141 - 85,781 

1969 74,57 4 125,955 - 51,3 81 
Central I 1970 79,666 130,490 59,824 
Co1ombia~ 1971 86,036 135,187 - 49,151 

1972 92,380 140,05 4 - 47,674 

1969 66,669 60,680 + 5,989 
North Eastern 1970 71,178 62,136 + 9,042 
ColombiaSY 1971 76,829 63,628 + 13,201 

1972 82,443 65,155 + 17,288 

!!el Ineludes Atlantico, BOlivar, Cesar, Cordoba, Magdalena, 
Suere, Guajira. 

~I Ineludes Valle, Cauea, Risaralda, Quindio, Nariño, 
Antioquia, and Caldas. 

~I Ineludes Cundinamarca, Tolima, Huila, Bogotá, Meta. 

~I Ineludes Boyacá, Norte de Santander, Santander. 

*Figures are in metric tons. 

Source: Adapted from Max F. Bowser. Prerequisitos y 
Potencial para la 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 production and 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 [61J. 

The surplus cattle movements from the Costa include 

finished, stocker and feeder animals which move south mainly 

through the markets of Medel1in 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 Coveñas, Barranquilla, Cartagena and Santa 

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

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 catt1e at the time 

of the census, but these farms included approximately three­

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

per farrn 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 farrns 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 

Size Categories Head Average 
(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. O 1,053.7 34.0 llO 

Over 500 2,195 5.0 1,256.2 41. O 572 

TOTAL 45,653 100.0 3,090.7 100.0 68 

Source: Adapted from DANE [15J. 

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 the study and diagnosis of cattle diseases. In 
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addition to ICA, the Land Reform Institute (INCORA) maintains 

experimental farms in sorne 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 sub sector 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 soldo 

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: 

private supply stores, the INCORA cooperative~, grower 

federations, and the Caja Agraria. But despite this diversity 

of outlets, the region suffers from distribution problems: 

shortages and unavailability are cornmon in the more isolated 

areas. Since production and distribution do not perform 

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 ver y well organized marketing channels, 

the marketing of farm products performs poorly. This is 

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 showed that 

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 more distant markets. These dealers also act as 

intermediaries on feeder cattle transactions. 

Cattle are usually purchased on the basis of esti­

mated live weight or by the head. Delivery and transporta­

tion arrangements are agreed upon. In almost all cases 

buyers furnish transportation and assume all costs and risks 

involved in moving the cattle from the farm or rancho 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 finishing periodo 

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

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

movement involves the transfer of feeder cattle from breeding 

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

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

points. 

Severe weight los ses 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. 

Live animal 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, prlces, 

biological timetable of cattle reproduction and nutrition 

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

the occurance of dry seasons and the lack 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 11arta. These plants 

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



CHAPTER 4 

GENERAL SPECIF1CAT10NS AND PROCEDURE 

Given the 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). 

F1gure 1.5 18 a hypothetical cross section of these sectors. 

(,7 
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Sector l 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 l 

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 aboye the valley floor. It is formed of quarternary 

terraces and tertiary soils with slopes of 1 percent and overo 

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 limito 

These farming regions are not entirely internally 

homogeneous with respect to climate and cropping potentials. 

They occur within the four ecological zones but compromises 

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

climate variations, the pattern of farming is ver y similar 

in all ecological zones, and behavioral 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 ea eh 

ecological zone. 

Ranching Practices 

While ranching in these sectors is of a mixed type, 

cattle breeding and growing i8 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 

modelo 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 foad becomes scarce.!1 

l/Personal informatian. 
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Animals in the "modern" sector are assumed to ~e 

situated on the flood-free pasture lands where adequate 

nutrition is available from properly managed grassland and 

supplemental feed obtained from land devoted speclflcally 

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 beglnnlngs of health protection measures; seeds and 

fertilizers to begin to increase fodder production. 

Since a major problem for cattle in the region ls 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 average carrying capacity, allowing either for a larger 

or a constant cattle population in the face of expanding 

crops and shrinking pasture area. 

The modern alternatives evaluated in the model are: 

(1) Pasture lands are kept with the grass species 
already presento 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 unrestricted dynamics 

requires a team effort which is beyond the scope of this 

study. Thus, analytical restrictions are imposed that keep 

sorne 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 is 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 

general considerations of the related crop subsector, and 

rudimentary considerations of the 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. 1nformation-

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

bility of credit, investment capital, and information either 

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

sion agents as part of modernízatíon promotíon efforts. Then, 
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operations may occur as a result oí' these econornic c1,'cisions. 

The second principal component takes the allocation oí' 

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 average s 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 seto 

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

mento Parm incomes derived from meat, milk, and crops are 

computed, as are capital investment and operating costs 

incurred through implementing various modernization policies. 

Thus, several relative benefit/eost relationships for 

experimental modernization policies are summarized by eomputed 

performance functions which include diseounted net income 

from eattle, eattle and erop ineomes, 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 eonsumption when projected exports 

are achieved. 

Eaeh of these five building blocks of the Costa cattle 

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

78 
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'J'hesf' subroutlnes perml.t :',lmulaU on of UH' [>"h:lvtrH' (li' 

the various alternatives and their components over time 

with one general modelo 

Each of the five building blocks of the Costa model 

will be described in sorne 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 average s of the major cornmodities grown 

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

inereases in average values--eaused by a rapid expansion of 

erops with high profitabilities--affeeting the pasture/ 

erops alloeation deeisions. Cash erops in the lowlands are 

defined as a weighted eomposite of the major eommercial erops 

grown in the Costa: sesame, eotton, eorn, sorghum and rice. 

Bananas for export are grown in the banana belt north of 

Magdalena and are eomputed separately. Cash erops in the 

uplands inelude the same group of erops as in the lowlands 

with the exeeption of riee and eommereial bananas. Further, 

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

eotton, 28 pereent of eorn, and 48 pereent of sorghum are 

grown in the lowlands. 

Food erops in all regions are defined as a weighted 

eomposite of the major staples grown and eonsumed in the 

Costa: planta in and eassava.l! Although eorn is also an 

important staple and it is grown mainly in small or subsis-

tenee plots, it was ineluded here as a eash erop beeause of 

government interest in promoting its produetion with the aim 

of generating an exportable surplus [57]. 

l/The weights used are as follows: (a) eash erops 
in lowlands: sesame--.04; eotton--.265; eorn--.244; sorghum-­
.017; and riee--.433; (b) eash erops in upland: sesame--.054; 
eotton--.18; eorn--.74; and sorghum--.021; (e) food erops: 
plantain--.34; and eassava--.66. These weights are derived 
from heetares in produetion as reported in [7]. 
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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 modelo 

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 ha ve 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, 54J. 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) 
DT = TLAVL(t-DT) + DEL15*(TLAVLO - TLAVL(t-DT)) (5.1a) 

TLAVU1(t) = TLAVU1(t-DT) + DE~i6*(TLAVUOl 

TLAVUl(t-DT)) (S.lb) 



TLAVU2(t) = TLAVU2(t-DT) + DEiI7*(TLAVU02 -

TLAVU2(t-DT» (5.lc) 

TGLSFl(t) 
DT 

= TGLSFl(t-DT) + DELlS*(TGLSFO -

where: 

TGLSFl(t-DT» 

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

(5.ld) 

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

TLAVUl = agricultural land actually available in 
subregion 1 (has) 

TLAVUOl = 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) 

TGLSFl = grazing land actually available in 
region 1 (has) 

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

DELl5,l6,17,l8 
= 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 Equation 5.2. Irriga-

tion and drainage schemes are accompanied by land distribu-

tion and are undertaken and administered by the government 

through INCORA. 
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Administrative and construction time lag s 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 Equation 5.9. 

Changes in the rate at whieh land is drained (RLDRN) and in 

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

will allow testing the effect of various polieies toward land 

reclamation on the total grazing area. 

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

CALL DELAY(RLDRN(t-DT), AUXlO, CROUTll, DELll, DT, Kll) (5.3) 

where: 

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

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

RLDRN = unlagged rate at which flooded land is 
drained (has!yr) 

AUXlO = 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 of intermediate rates necessary 
in simulation of the drainage delay 

DELll = 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. lt 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 erop 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) 

v.'here: 

RLFC = rate of ehange of land i.n food crops 
(has!yr) 

TLFCO = land in food erops at time zero (the 
start of the model) (has) 

TLFC = total land in food crops (has) 

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

EXP(AL2*t) = this is an exponential function defined 
as equivalent to eatwhere a = AL2 

DT = time inerement of the model (years) 

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

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

TLFCUI(t) = min(CFDI*TLFCU(t), TLAVUI) (5.7) 

TLFCU2(t) = min«I-CFDI)*TLFCU(t), TLAVU2(t)) ( 5 . 8 ) 

where: 

TLFCU 

TLFCUI 

TLFCU2 

TLAVUI 

TLAVU2 

CFDI 

C249 

= total land in food crops in upland 
sector (has) 

= total land in food crops in subregion l 
(has) 

= total land in food crops in subregion 2 
(has) 

= agricultural land available in subregion l 
--Equation S.lb (has) 

= agricultural land available in subregion 2 
--Equation S.lc (has) 

= a model parameter allocating food crops 
to subregion 1 

= a model parameter allocating food 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)) (S.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 erop land ls land on whieh eommercial crops are 

actually in produetlon. As for food erop", eash 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 disaggregatioh 

between traditional and modern production. 

The expansion of eash erops ln 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 rnade that cash and food crops compete for a limited 

arnount 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) (S.lO) 

TLCRL(t) = min(TLCRL(t-DT) + DT*RLCRL, ALNDL(t)) (S.ll) 

TLCRLR(t) = TLCRL(t) + TLBAN(t) (S.12) 

where: 

ALNDL = allocatable land (cash crops and pasture) 
in region 2 (has) 

TLBAN = total land in comrnercial banana (has) 

TLCRL = total land in cash crops--excluding 
cornrnercial banana--in region 2 (has) 
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TLCRLR = total land in cash crops in regíon 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, 8J and 

assumed 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 o < t < 6 

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

5,000 t > 10 (5.13) 

Pasture and Cattle 

Pasture land is land on which cattle are actually 

in production. The area in pasture is computed separately 

for each region and then aggregated to obtaín 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 regían. 

This simplification is based on the empirical evidence that 

in the more productive lowlands the profitability of cash 

crops outweighs that of cattle. Líkewise, 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 



grazing. The allocation of land in subregion 1 ls based 

on the relative returns to land from the cash erops and 

cattle actlvities. It ls thus responsive to exogenously 

determined crop priees and cattle prices determined endoge-

nously by the modelo 

Pasture or grazing land in the seasonally flooded 

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

as: 

TGLSF(t) = TGLSF1(t) - TLDRN(t) (5.14) 

TGLL(t) = max(TLAVL(t) - TLFCL(t) - TLCRLR(t), O) (5.15) 

where: 

TGLSFl = as defined in Equation 5.ld 

TGLSF = total pasture land in region 1 (has) 

TGLL = total grazing land in region 2, the 
flood-free area (has) 

max[a,b] = a function equal to the maximum of terms 
within the brackets. 

The rate of change in grazing land in region 2, 

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

RTGLL(t-DT) TGLL(t) - TGLL(t-DT) 
= DT 

where: 

RTGLL = rate of change of total grazing land in 
region 2 (has/yr). 

(5.16) 

Pasture land in subregion 2 of the upland is simply 

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

where: 

TGLU2 : total grazing 1and in aubregion 2 (has). 

The rate of change in grazing 1and in subregion 2 

is given by: 

RTGLU2(t-DT) = TGLU2(t) - TGLU2(t-DT) 
DT (5.18) 

where: 

RTGLU2 : rate of change of total grazing land in 
subregion 2 (has!yr). 

The mechanism for al10cating 1and 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 ruodel gradually shifts land to the activity 

with the greatest return per unit of 1and. First, the ruodel 

a110cates farruing land to food crops as shown in Equations 

5.4 through 5.7. The remaining area is then a110cated to 

the 1and in the ruost profitab1e of the two other cash earners 

--cash crop and pasture. 

The following equations app1y: 

ALNDU1(t) = TLAVU1(t) TLFCU1(t) (5.19) 

DLFCU1(t) = TLFCU1(t) - TLFCU1(t-DT) (5.20) 

where: 

ALNDUl : allocatable land in subregion 1 (has) 
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(hus). 

Land shifts to the more profitable uctivity at a 

rate that is proportional to: 

RLCRU(t) 

where: 

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

2) the amount af land currently allaeated to the 
less profitable activity, and 

3) a madel parameter, CLl, which can be varied to 
match prevailing farmer behaviar. 

The rate of land transfer is given by: 

= CLl*XTLU(t)*(DCRU(t) - DRLAV(t» 
/DCRU(t) / 

RLCRU = rate of change af cash eraps land in 
subregian 1 (has/yr) 

(S.21) 

DCRU = diseaunted sum of returns over the planning 
horizan far cash eraps in subregian 1-­
Equation 5.34 (Ps/ha) 

DRLAV = diseaunted sum af returns ayer the planning 
harizon for eattle produetion. This is an 
average of traditianal and modern production 
--Equatian 5.33 (Ps/ha) 

XTLU = total grazing land if DCRU > DRLAV 

= total land in cash crops ir DCRU ~ DRLAV (has) 

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

l ... I = the absolute value. 

Positive rates of transfer mean shifts frem pasture 

and cattle grazing ta cash eraps; negative rates mean shifts 

from eash erops to pasture. 
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Land transferred from grasses to eash erops is 

immediately available for erop produetion, but the rate 

at whieh land transfers from eash erops to grasses is de-

layed to aecount for the time needed for grasses to become 

well established and to begin produetion at full grazing 

eapaeity. 

This time lag is simulated by the following 

distributed delay: 

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

where: 

AUXl = unlagged rate of transfer of cash erop land 
to grazing land: < O if DRLAV > DCRU 

= O if DRLAV < DCRU (has/yr) 

AUX2 = lagged rate of transfer of eash erop land 

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

e al' 11 er ( p. 84). 

Additions to food land in subregion 1 can come either 

from land in the least profitable of the remaining activities 

01' from both cash erop and grazing land in specified propor-

tions. Land also eould be alloeated to food from grazing 

land even if the latter is more profitable than eash erops. 

Sueh alloeation is performed in the model by means 

of the variable Aux4 and the parameter CL2. Ir eash erops 

are more profitable tllan eattle, the rate of ehange of land 

:ln ('~\,~h (,I'0P'~ J,' posJtJvC' (nLCl1lJ > O) alJ(l al1 thc; 1 n r:rHl.f:r, 

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 ln cash crape ls negative (RLCRIJ < o) 

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

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

parameter CL2(0 ~ CL2 ~ 1): 

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

land in grasses, modern and traditional 

Ir CL2 = 1 all new land in food crops comes fron 

land in cash crops. 

The variable AUX4 is then computed as: 

{

CL2 i!DLFCUlCt) , 
AUX4(t) = 

O , 

DRLAV > DCRU 

DRLAV < DCRU 

(5.23a) 

(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 lis: 

TLCRU(t) = max[min(TLCRU(t-DT) - AUX4(t) + DT*CAUX2(t-DT) 

where: 

+ AUX3(t-DT), ALNDUl(t»)), OJ (5.24) 

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

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

= O 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 (ALNDUI--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) = ALNDU1(t) - TLCRU(t) (5.25) 

where: 

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

The rate of change in grazing land in sUbregion 1 

is given by: 

RTGWl( t-DT) TGLU1(t) - TGLU1(t-DT) 
= DT (5.26) 

where: 

RTGLUl = 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) = TGLU1(t) + TGLU2(t) (5.27) 

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

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



where: 

TGLU = total grazing land in upland sector (reg1on 
3) (has) 

TGLUI = total grazing land in subregion l (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 l is sUbject to periods of 

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

Since we are interested in the permanent stocking capacity 

of grasslands, seasonally flooded grazing land is adjusted 

in themodel 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 principIe, every current land use is a conceivable 

alternative to every other present use in the same farming 

sector. In practice, however, certain assumptions can be 

made which will reduce the multitude of alternatives and 

will simplify the modelo Since the model is focused 

primarily on cattle production, only alternatives concerned 

with the introduction of technological changes in this 

activity will be considered in detail. The alternatives 

to traditional cattle production included in this study 

are those described in Chapter 4 and considered as feasible 

in every agricultural region with the exception of region l. 
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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 1 a more 

complex allocation mechanism has been described; land is 

first allocated to food production and then to cash crops 

and cattle based on their relative profitabilities. 

Although the present structure of the model re-

stricts consideration of cattle production alternatives to 

one each simulation, future expansion could include compe­

tition among modern grazing alternatives. The model also 

could be expanded to include competition among crops and a 

more realistic, though more complex, decision-making mechanism 

for the allocation of land between individual crops and pasture 

in all regions. 

Cattle Modernization Decisions 

Land use decisions between cattle and cash crops have 

been discussed aboye in Equations 5.19 to 5.23. In this 

section we are mainly .concerned with the more complex decision 

mechanism of cattle modernization. The rate at which cattle 

modcrnization takes place depends on the relative 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 restricted to the allocation of land 

between pasture and crops in subregion 1, and between 

traditional and modern cattle in all regions but region l. 

In the first case, the relative profitability is given in 

Equation 5.21 aboye. The relative profitability of the 

modern cattle production alternatives is given by: 

PDR( t) 

where: 

DRLAM(t) - DRLAT(t) 
= !DRLAT(t)! 

PDR = the relative profitability differential 
(di¡;¡ensionless) 

(5.30) 

DRLAM = discounted sum of returns over the planning 
horizon for rnodern 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 strearn of net income farmers expect to receive 

over sorne 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: 

DRLAM(t) = 
I (TRLAMi(t) - TCLAMi(t» 

i=l (1 + DIR)i 
(5.31) 

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 
year) 

discount rate (proportionl 

i = indexes the n years of the planning 
horizon. 

The profitability of traditional cattle is given by; 

n 
DRLAT(t) = (TRLAT(t) - TCLATL(t»* I 

i=1 
1 

Cl + DIR)i 
(5.32) 

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 
traditiona1 cattle--Equation 5.35b (Psi 
ha-yr) 
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1 ~ :indexes the n yc,arf; 01' tl\(' pl :'\1n1 lit" 
horizon. 

The average profitability of all cattle used 1~ 

Equation 5.21 is given by: 

DRLAV(t) 

where: 

= (DRLAT(t)*TTGLR(t) + DRLAM(t)*(TLlI!OD(t) + TRSL(t)) 
TGLR(t) 

(5.33) 

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

TTGLR = total traditlonal graz:ing land in the Costa 
region--Equation 5.51 (has) 

TLMOD = total grazing land in modern production-­
Equation 5.48 (has) 

TRSL = 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=l 

1 

(l + DIR)i 
(5.34) 

where: 

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

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

TCCRUL = exponential average of total costs of cash 
crops--Equation 5.35f (Ps/ha-yr) 
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DIR = as defined in Equation 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 p1anning horizon se1ected for modern 

catt1e. The discount rates used to compute the present value 

of future returns are behaviora1 parameters in thE modelo 

They reflect farmers' rates of time preference and the vary­

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

and unfami1iar the alternative, the hlgher the dlscount rateo 

Slnce we are concerned with farmer declsion makers, 

the streams of future revenues and costs (Equations 5.35) 

used in the profitabllity calculatlons should refleet 

farmers' expectatlons. These expectations are assumed to 

be reflected in five-year exponentlal average s of recent 

producer prices. Prlces of cattle are determined endogenously 

(Equation 7.2) but prlces of crops are determined exogenously 

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

The form and computatlon of producer priee averages and 

trends are discussed in detail later in the descriptlon of 

the price generating component (Chapter 7). 

Similarly, the stream of crop ylelds farmers expect 

are the yields they currently experience rather than the 

potential produetion reported by experiment statlons. 

Increased yields are considered later in Chapter 12 as 

part of the poliey experiments. Additions to expeeted 

revenues are any eash and/or price subsidies whlch 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 periodo 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 figuri" while 

those of cattle are computed separately; but all costs are 

also exponentially averaged when they enter in the computation 

of profitabilities. Exponential average s of past costs are 

used here to reflect farmers' expectations of future cost 

streams. The computation 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) + DE~i9*(TCLAT(t-DT) 

- 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)!I 

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 = total traditional cattle costs (unlagged) 
(Ps!ha-year)l:/ 

DT = time increment of the model (years) 

DEL19 = lag parameter (years). 

The stream of revenues and costs over the planning 

horizon for modern cattle production reflect different 

expectations according to the alternat:l.ve adopted. Chang-

ing expectations throughout the planning horizon are 

simulated by a set of coefficient arrays (SINCR, TM1NCR) 

that increase output and costs over traditional cattle as 

perceived by farmers. Values of these eoeffieients for 

ea eh of the four modern alternatives are shown in Table 11.4 

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

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

TRLAMi(t) = (SINCRi *EPAP(t)*ESLSPT(t) + EPAP(t)*B1NCRi 

*AUXL12(t) + TM1NCR.*PRMT*EQMT(t»!TTGLR(t) 
l 

(5.35c) 

]j Por detailed eomputation of these variables see 
subroutine AGACC in tlle Appcndix. 
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TCLAMi(t) = EOPCLMi(t) + EOCLNMi(t) + ETCECi(t) + 

where: 

EDBSER.(t) + ETXCi(t) + EVLDTX.(t)*ECADE~. (5.35d) 
111 

SINCR 

TMINCR 

BINCR 

AUXL12 

AGSUBM 

ELOAN 

EOPCLM 

EOCLNM 

ETCEC 

EDBSER 

ETXC 

= expected increase in sales over the planning 
horizon from the modern herd (dimensionless) 

= expected increase in milk production over 
the planning horizon (dimensionless) 

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

= finished male equivalent of cattle prices 
(proportion)Y 

= subsidies paid to modern cattle producers 
(Ps!ha-year) 

= expected payments of development loans-­
Equation 6.40g (Ps!ha-year) 

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

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

= expected total cash establishment costs-­
Equation 6.40f (Ps!ha-year) 

= expected debt service of development 
credits--(Ps!ha-year)~! 

= 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). 

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

~!For a detailed computation of thls variable see 
subroutine AGACC in the Appendlx. 
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Total revenue and total cost of cash crops in the 

uplands are computed simply as: 

TRCRUCt) = EPCRPU(t)*EYLDCU(t) C5.35e) 

TCCRUL(t) = TCCRUL(t-DT) + DE~ª2*(TCCRU(t-DT) 

- TCCRUL(t-DT)) C5.35f) 

where: 

TCCRU = total costs (unlagged) (ps/ha-year)Y 

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 cornmunication (radio broadcasts, films, and newspapers). 

l/Por a detailed computation of this variable see 
subroutine AGACC in the Appendix. 
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Whl1e promotlonal lnformation 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 alter-native 

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 traditlonal 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.l). 

PRl(t) = max[E7*(1-EXP(-E8*(PDR(t)-E9»)), OJ (5.36) 

where: 

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

E7 = maximum proportion attainable--a model parameter 
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E8 = the rate of promotion response with respect 
to profitability (dimensionless) 

E9 = the promotion response threshold (dimension­
less) 

EXP = exponential function 

max = takes the maximum of the term within the 
brackets 

PDR = the relative profitability differential-­
Equation 5.30 (dimensionless). 

As shown in Figure 11.1, the parameter E7 determines 

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

response rate (E8) parameters reflect the farmers' attitudes 

and behavioral characteristics which affect the rate of their 

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 

PRl 

E7 --- -----------

OL-----E~9~-------------------------=PD~R 

FIGURE 11.1. The profitability response functlon. 
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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 efforts) 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)*PR1(t)*EXT1(t) (5.37) 

where: 

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

EXTl = units of pre-campaign promotion--a policy 
variable 

E3 = the maximum feasible adoption rate per unit 
of EXTl (has!year per unit of EXTl) 

PRl = 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 campaign (TCAM=O) and approaches its maximum value 
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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 • 3 8 ) 

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 (TLMOD). If 

there is no land in either use, there is 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 [lJ. 

RLMDI(t) 

where: 

= PRl(t)*TTGL(t)*TLMOD(t) 
TGLO (5.39) 

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 of promotion and diffusion is simply 

computed as: 

RLMI(t) = RLMPI(t) + RLMDI(t) (5.40) 

The transition rate (Equation 5.41) is constrained 

by available capital and lagged to account for delays in 

establishing a modern alternative. Since the Costa is a 

surplus area (see Chapter 3), requirements of capital for 

buying cattle are not considered in the aggregate for the 

region, though this is an important factor in analyzing 

individual farms. Thus, the demand for capital for invest­

ment is restricted to farm improvements. The capital 

available (NCFR) includes capital generated endogenously as 

income (after allowing for consumption), transfers from the 

crops subsector, and potential credit. The model does not 

consider competition for capital between investments and 

consumption; it is assumed that consumption is a first claimant 

to farm income and investment is treated as a residual. 

This oversimplification of the consumption/saving decisions 

is justified here because of the lack of information on the 

consumption and saving patterns of farmers in the region. 

In addition, a realistic simulation of the consumption/saving 

and asset balance decisions of farmers requires the establish­

ment of a preference function in order to maximize both 

satisfaction as well as returns from different investments 
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under conditions of changing interest rates, risk, and 

uncertainty. 

The availability of capital and credit will be dis-

cussed more fully in the discussion of the Accounting and 

Performance Criteria Component (Chapter 9). The require-

ments of credit for development (Equation 5.42a) are deter-

mined by subtracting from the total establishment costs the 

proportion of these costs met by the farmers' own resources. 

Establishment costs are reduced to an annual basis, so the 

credit required in the year the transition is made can be 

related to whatever credit funds are available that same 

year. 

CRM(t) = max{min{RLMI(t), [min(ARMl(t), ARM2(t)) + 

where: 

ARM3(t)]}, O} (5.41) 

CRM 

RLMI 

ARMl 

ARM2 

ARM3 

= unlagged rate of modernization constrained 
by development credit and farmers' invest­
ment capital (has/year) 

= unlagged and unconstrained rate at which 
grazing land enters modernization-­
Equation 5.40 (has/year) 

= allowable rate of modernization depending 
on availability of development credit-­
Equation 5.42a (has/year) 

= allowable rate of modernization depend-
ing on capability of farmer to meet his 
required share of the establishment costs-­
Equation 5.42b (has/year) 

= allowable rate of modernization depending 
on farmer's capability to meet total estab­
lishment costs without development credit-­
Equation S.24c (has/year) 
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min[a,bJ = a function equal to the minimum of terms 
within the brackets 

max[a,b] = a function equal to the maximum of terms 
within the brackets. 

The variables ARM1, ARM2, and ARM3 (Equations 5.42)!/ 

that determine the constraints to the rate of modernization 

require further explanation. If credit for development is 

not available (ARMl = O; ARM3 > O) the rate of moderniza-

tion depends on the farmers' capability to meet the total 

establishment costs. If development credit is in ample supply 

but the investment capital of the participating farmers is 

not enough to meet their required share of the establishment 

costs (ARMl > ARM2; ARM3 = O), the rate of modernization 

depends on the farmers' available investment capital. If 

development credit is available and the investment capital 

of the participating farmers is more than enough to meet 

their share of the establishment costs (ARMl < ARM2; ARM3 > O), 

the model assumes that the remaining capital is reinvested in 

the farm and the rate of modernization is increased by an 

amount equal to the allowable rate without credit support 

(ARM3). This is to say that resources in modern cattle pro-

duction are being used at a low opportunity costo 

ARMl 

ARM2 

= CREDT(t) 
CRTREQ(t) 

= NCFR(t-DT)*LTl 
TCEC(t)*RPTN 

(5.42a) 

(5.42b) 

!/Equations 5.42b and 5.42c have implicit in the 
denominator a one-year multiplicative factor that provides 
the desired units. 
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ARM3(t) = 

(NCFR(t-DT)-min(ARM1(t), ARM2(t»*RPTN*TCEC(t)!LT1)*LTl 
TCEC(t) 

where: 

(5.42c) 

ARMl = allowable rate of modernization depending on 
availability ofcredit (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 (O ~ 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 

~.43 describe this process. 

D']' 
lU(t) = lll(t-[)'l') + XDl,:¡/(CHM(t-ll'I') - Hl(t-D'I'» (').43a) 
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XR1(t) = Rl(t)*A5 (5.43b) 

DT R2(t) = R2{t-DT) + XDELK(XR1(t-DT) - R2(t-DT)) (5.43c) 

RLM(t) = RLM(t-DT) + XgiL*(R2(t-DT) - RLM(t-DT)) (5.43d) 

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, XR1, 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. 

EXTA(t) ) A5(t) = min(E12*EXTR(t), 1 *(AUX7(t) + AUX9(t)*min 

where: 

(E13*ACRDT(t) 1)) 
DCRDT(t)' (5.44) 

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 II.2 shows, the parameter E12 (E13) which governs 

the shape 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) 
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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 

1 

A5 

E12 (E13) = 2 

//---- E12 (E13) = 1 

1 EXTA/EXTR 
ACRDT/DCRDT 

FIGURE II.2. The land "dropout" function. 

(5.46) 
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A final econornic decision to be rnade is whether sorne 

rnodern grazing land should be reverted to traditional practices 

if the profitability of rnodern rnethods drops significantly 

due to declining output prices, increasing input prices, etc. 

Figure 11.3 shows how the rnodel (Equation 5.47) handles this 

decision. It is clear that no reversion will occur unless 

the profitability cirteria relating rnodern returns to tradi­

tional returns (PDR) drop below sorne threshold value, in which 

case, the reversion to traditional practices will occur at an 

increasing rate, up to a rnaxirnurn, as the profitability con­

tinues to fallo The adoption response function and the re­

version response function, which are not syrnrnetrical, atternpt 

PR2(t) 

Ell 

large 

E9l PDR(t) 

FIGURE 11.3. The reversion response function. 



117 

to capture by proxy the farmers' investment and disinvest-

ment decisions. 

PR2(t) = max(Ell*(1-EXP(-E8l*(E9l-PDR(t»», O) (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) 

E9l = reversion threshold (Ps/ha). 

The rate by which modern land reverts to traditional 

uses is simply the product TLMOD(t)*PR2(t). 

where: 

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 i5 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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TLMODi(t+DT) = maX{min[TLMODi(t) + 
GLTOT. (t) 

DT*(RLM(t)* TGL~t) 

where: 

ENT*TLMOD.(t)*RTGL.(t) 
l l - TLMOD.(t)*PR2(t) + 

l 

GLTOT. (t) J, O} 
l 

RLM = as defined in Equation 5.43d 

GLTOTi(t) 

(5.48) 

GLTOT = total grazing land in the given agricultural 
region (has) 

RTGL = rate of change of total grazing land in the 
given agricultural region (has/year)lI 

ENT = a model parameter (E6, EIO, E14) that 
determines the percentage of land entering 
or leaving pasture production that enters 
or leaves modern production 

TGL = 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 

l/For detailed computation of rate of change in 
lowlands, subregion 1 and subregion 2 (RTGLL, RTGLUl 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 > O and 

ENT = O when RTGL < O, 

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: 

3 
TLMODR(t) = L TLMOD.(t) 

i=l l 
(5.49) 

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 traditional production 

(TTGLR) in the Costa. 

TTGLR(t) = TTGL(t) + TGLSF(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 animal s are 

added to the modern grazing lands i8 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) 

where: 

= RTDN(t) + C12*TOPOPM(t)*(TDNAM(t) - TDNREQ) 
TDNREQ (5.52) 

RAA 

RTDN 

TDNAM 

= rate animal s are added to the modern sector 
(animals/year) 

= rate of increase of TDN in the modern 
sector (tons/year-year)l/ 

= TDN per animal in the modern sector (tons/ 
animal-year)l/ 

TDNREQ = desired TDN per animal in the modern sector 
(tons/animal-year) 

TOPOPM = total animal population in the modern sector 
(animals)l/ 

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 animal s 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 

l/For detailed computation of these variables see 
subroutine DEMOG in the Appendix. 
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the Bame as that of the traditional population (this could 

also be a policy variable). It is also aSGumed that only 

fertile females are transferred from the producing. cohort. 

RFGTT(t) 

RFPTT(t) 

RMGTT(t) 

RMPTT(t) 

where: 

= RAA(t)*PFGT(t) (5.53a) TOPOPTl(t) 

= 
RAA(t)*FERT(t) (5.53b) TOPOPTl(t) 

= 
RAA(t)*PMGT(t) (5.53c) TOPOPTl(t) 

= 
RAA(t)*PMPT(t) (5.53d) TOPOPTl(t) 

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/year-)--

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) 

TOPOPTl = total cattle population in the traditional 
sector net of females unsuitable for re­
production--Equation 5.54 (animals). 

The rates animal s leave the modern sector are the 

negatives of RFGTT, RFPTT, RMGTT and RMPTT (negative departures 

are arri vals) : 

RFGTM(t) = -RFGTT(t) (5.53e) 

RFFTM(t) = -RFPTT(t) (5.53f) 

RMGTM(t) = -RMGTT(t) (5.53g) 
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RMPTM(t) = -RMPTT(t) (5.53h) 

The traditional cattle population base for these 

transfers (TOPOPTl), 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) - F1NFT(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) 

F1NFT = 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 

the Appendix. The output of component LAMDAC is used as an 

input to the component AGPRAC described in the next chapter. 

Table 11.1 at the end of this chapter shows the values 

of a selected number of variables used in component LAMDAC. 
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TABLE 11.1. Seleeted Coeffieients and Initial Values in the 
Land Allocation and Modernization Decisions 
Component (LAMDAC). 

Definition 
(Equation No.) 

DT 
(5.la) 

AL2 
(5. 4 ) 

CFDl 
( 5 • 8) 

CLl 
(5.21) 

CL2 
(5.23a) 

C9 
(5.29) 

C12 
(5.52) 

C249 
(5.6) 

C257 
(5.45) 
E7 
(5.36) 
Ell 
(5.47) 

E12 
(5.44) 

E13 
(5.44) 

E31 
(5.38) 

Determines the time inerement of 
the model (years) 

Determines the rate of growth in 
food erops land (proportion/year) 

Determines the alloeation of food 
erop land to subregion 1 
(proportion) 

Determines the speed of land 
adjustment in subregion 1 
(proportion/year) 

Determines the alloeation of food 
erop land between eash erop and 
grasslands (proportion) 

Determines permanent grazing land 
equivalent (proportion!year) 

Determines the speed of animals 
transfer (proportion/year) 

Determines the al1oeation of 
food erop 1and to region 3 
(proportion) 

Determines extension workers 
requirements (man-years/ha) 

Determines maximum adoption rate 
(proportion) 

Determines maximum proportion of 
reversion to traditiona1 
praetiees (proportion/year) 

Determines the extension "drop­
outs" response thresho1d 
(dimensionless) 

Determines the eredit "dropouts" 
response thresho1d (dimension­
less) 

Determines maximum value of E3 
when aeeumulated time is 1arge 
(has/year per unit of extension) 

Value 

.25 

.03 

.5 

.03 

. 5 

.55 

1 

.8 

.0005 

1 

.5 

1.2 

1 

4,000 
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TABLE 11.1. (continued) 

Definition 
(Equation No.) 

E32 
(5.38) 

E33 
(5.38) 

RLCRL 
(5.11) 

RLDRN 
( 5 . 3) 

RPTN 
(5.42b) 

EXTA 
(5.44) 

TDNREQ, 
(5.52) 

PRM 
(5.35a) 

XDEL 
(5.43a) 

TLAVLO 
(5.1a) 

TLAVL(O) 
(5.1a) 

TLAVUOl 
(5.1b) 

TLAVU1(0) 
(5.1b) 

'rLAVU02 
('5.1c) 

Value 

Determines minimum value of E3 
at time zero (has/year per unit 
of extension) 

Determines the rate at which E32 
decreases over time (dimension­
less) 

Determines the rate of growth in 
cash crop land in region 2 
(has/year) 

2,000 

4,500 

Determines the rate flooded land 13,500 
is drained (has/year) 

.3 

Determines farmers' participation .2 
of total establishment costs 
(proportion) 

Determines extension workers 250 
available (man-years) 

Determines TDN desired for modern 1.85 
animals (tons/animal-year) 

Determines the price of milk 1 
(Ps/liter) 

Determines one-third of the time 1 
to complete modernization (years) 

Initial flood-free agricultural 533.3 
land potentially available in 
region 2 (thous. has) 

Initial flood-free agricultural 431.0 
land actually available in region 
2 (thous. has) 

Initial agricultural land 2,169.06 
potentially available in sub-
region 1 (thous. has) 

Initial agricultural land 1,720.73 
actually available in subregion 
1 (thous. has) 

Initial agricultural land 1,G7G.O 
potentially available in 
subregion 2 (thous. has) 
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TABLE II. l. (eontinued) 

Definition 
(Equation No.) 

TLAVU2(0) 
(5.1e) 

TGLSFO 
(5.1d) 

TLDRNLO 
( 5 • 2) 

TLFCUl(O) 
(5.20) 

Initial agrieultural land 
aetually available in subregion 
2 (thous. has) 

Initial potential grazing land 
in region 1 (thous. has) 

Initial land eapable of drainage 
(thous. has) 

Initial land in food erops in 
subregion 1 (has) 

Value 

1,293.02 

3,137.95 

3,137.95 

40,915 

Souree: [13, 15, 36, 37, 38, 42, 53, 58, 59J and initial 
guesstimates and model tuning. 



CHAPTER 6 

AGR1CULTURAL PRODUCT10N--CROPS/cATTLE (AGPRAC) 

Component AGPRAC generates the produetion of erops, 

pastures and eattle, and determines the yields of farw erops 

and the sales of eattle. 

Crop Yields 

Crop yields are a eomposite of the major erops grown 

in the Costa and are assumed to remain eonstant throughout 

the simulation. 1nereases in erop yields over time are allowed 

in the model as part of the modernization policies that will 

be discussed in Chapters 8 and 12. 

Cash erop yields are computed for each agricultural 

region aeeording to the crop mix assumed in Chapter 5. 

Further, it i8 assumed that yields in the more fertile low­

lands (YLDCL) are 10 percent higher than in the uplands 

(tLDCU). With these assumptions and using the average yields 

derived from the Caja Agraria erop reports [7J, it is possible 

to compute the average yield of individual eommodities for 

eaeh agrieultural region. Then, using the same erops alloeat­

ing weights of eomponent LAMDAC, it is possible to compute a 

composite yield for eaeh agricultural reglon. Table 11.2 

sho"rs the computed average y ield of each cornmodi ty, and 

Table 111.3 on page 232 shows the composite yields used in 
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The computation of food eror y1cIds (YLDFC) i~ S'~I)l.y a 

eomposite of the average yields of plantain and caSSBVB as 

reported by the Caja Agraria for the period 1965-1969 [7J)/ 

The five-year average yield of cash erops in the 

uplands used in the land alloeation deeisions of eomponent 

LAMDAC is eomputed as: 

DT 
EYLDCU(t) = EYLDCU(t-D~) + DELS*(YLDCU(t-DT) -

.where: 

EYLDCU (t -DT) ) (6.1) 

EYLDCU = exponential average of eash erop yields 
in the uplands, used in Equation 5.35e 
in LAMDAC (tons/ha-year) 

YLDCU = average yield of eash erops grown in the 
uplands (tons/ha-year) 

DEL S = average lag (years). 

The inerease in erop yields as a result of erop 

modernization efforts is computed in Equations 6.2. Here, 

it is assumed that erops reaeh their maximum target yield 

gradually, over a period of several years (DEL9 and DELIO). 

This length of time can be interpreted as being responsive 

to the erop modernization eampaigns and eould be a poliey 

!/Average regional yields (tons/ha-year) of eaeh 
eommodity are: sesame--.66; eotton--1.4; eorn--l.ll; sorghum 
--1.8; rice--l.9; plantain--S.3S; and eassava--8.28. 
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TABL~ 11.2. Average Annual Yield and 1nitial Costs by 
Farming Sectors. 

! 
Yield Cost* 

(Tons/ha-yr) (Ps/ha-yr) 

! 
Crop Uplands Lowlands Uplands I 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 

P1antain 8.38 600 

Cassava 8.28 787 

*Costs are reported for 1970 and adjusted to 1960 prices. 

Source: [7, 57, 69J 



variable. Target or desired yj.elds ha ve been derived frc~ 

tarr;et~; flet by the Mln12tr'y of Ar;rj cul tur,' rOl' C'ol""il'1:111 

major erop" [('len:!:/ ancJ then welghtell by tlle crop alloeatinp: 

weigllts of component LAMDAC to obtain a eomposite avera.ge 

for eaeh agricultural region. 

YLDCU(t+DT) YLDCU(t) DT 
YLDCU(t» (6.2a) = + DEL9*(DYLDCU 

YLDCL(t+DT) = YLDCL(t) DT 
+ DEL9*(DYLDCL YLDCL(t» ( 6 . 2b ) 

YLDFC(t+DT) = YLDFC(t) + DE~io*(DYLDFC - YLDFC (t» (6.2e) 

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 (tonsl 
ha-year) 

DYLDCU = the target yieId of cash crops in the 
upIands (tons/ha-year) 

DYLDCL = the target yield of cash crops in the low-
lancJs (tons/ha-year) 

DYLDFC = the target yield of food erops (tons/ha-year) 

DEL9, DELIO 
= average lag (years). 

Pasture Production 

Before generating the production of cattle, component 

AGPRAC determines the output of fodder as total digestible 

!/Target yields (tons/ha-year) for the major crops 
grown in the Costa are: sesa.me--.75; cotton--1.8; corn--1.6; 
sorghum--3.8; riee--4.1; plantain--IO; cassava--IO. 
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TAB~E 11.2. Average Annua1 Yie1d and 1nitia1 Costs by 
Farming Sectors. 

Yie1d Cost* 
(Tons/ha-yr) (Ps/ha-yr) 

Crop Up1ands Low1ands Up1ands i Low1ands 

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 

P1antain 8.38 600 

Cassava 8.28 787 

*Costs are reported for 1970 and adjusted to 1960 prices. 

Source: [7, 57, 69J 



variable. Tal'get or def,jred yields have been dpr:i v"d frem 

tarp;"t:, set by tlw Mlnlc,try 01' Ar:ri cul tl1l'C' rOl' ,'n}o¡lIl',i:ll1 

rnaj OY' crops [5B V1j 
and then weighted by tlle crop alloeatlng 

weights of component LAMDAC to obtain a composite average 

for ea eh agricultural region. 

YLDCU(t+DT) YLDCU(t) DT , YLDCU(t) ) (6.2a) = + DEL9*(DYLDCU 

YLDCL(t+DT) = YLDCL(t) + D~I9*(DYLDCL YLDCL(t) ) ( 6 . 2b ) 

YLDFC(t+DT) YLDFC(t) DT 
- YLDFC(t» (6.2c) = + DELIO*(DYLDFC 

where: 

YLDCU = the projeeted yield of eash erops in the 
uplands (tons/ha-year) 

YLDCL = the projeeted yield of eash erops in the 
lowlands (tons/ha-year) 

YLDFC = the projeeted yield of food erops (tons/ 
ha-year) 

DYLDCU = the target yield of cash crops in the 
uplands (tons/ha-year) 

DYLDCL = the target yield of cash erops in the low­
lands (tons/ha-year) 

DYLDFC = the target yield of food crops (tons/ha-year) 

DEL9, DELIO 
= average lag (years). 

Pastuy'e Production 

Before generating the production of cattle, component 

AGPRAC determines the output of fodder as total digestible 

!/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; riee--4.l; plantain--lO; cassava--lO. 
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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 1n 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 kilogral'l of dry forage produces .633 

kilograms of TDN [33J.) This is enough feed to supDort 1.9 

head of cattle throughout ayear 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-thirds less 

than artificial grasses [61, 66J. 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 . 

CGO(t) = (CGOU*(TTGLUl(t) + TTGLU2(t)) + CGOL*TTGLL(t») 
TTGL(t) 

(6.3a) 

CGOl(t) = (CGOUl*(TTGLUl(t) + TTGLU2(t» + CGOLl*TTGLL(t) 
TTGL(t) 

(6.3b) 



CG1(t) 

CG2(t) 

where: 

= (CGUl*(TLMOD2(t) + TLlfOD3(t)) + CGL.*TL¡f¡OD1(t)) 
TLMOD(t) 

(6.3c) 

= (CGU2*(TLMOD2(t) + TLMOD3(t» + CGL2*TLMOD1(t)) 
TLMOD(t) 

(6.3d) 

COO = average TDN yield from traditional artificial 
grasses in the Costa (tons/ha-year) 

CGOl = 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) 

CG2 = average TDN yield from improved native grasses 
in the Costa (tons/ha-year) 

CGOU = average TDN yield from traditional artificial 
grasses in the uplands (tons/ha-year) 

CGOUI = average TDN yield from traditional native 
grasses in the uplands (tons/ha-year) 

CGUI = 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 from traditional artificial 
grasses in the lowlands (tons/ha-year) 

COOLl = average TDN yield from traditi.onal m,tive 
grasses in the lowlands (tons/ha-year) 

COLI = average TDN yield 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, TTGLUI, 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 productioh--Equation 5.50 (has) 

TLMOD1, TLMOD2, TLMOD3 
= total land in modern grazing in regíon 2, 

subregion 1 and subregion 2, respectively-­
Equation 5.48 (has). 

Total digestible nutrients available te 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) = 

lI'here: 

TTGLR(t) 
TOPOPT(t) 

GRT = grazing rate in the traditional sector 
(has/animal) 

TTGLR = total traditional grazing land in the 
Costa--Equation ~.5l (has) 

TOPOPT = total traditional cattle population 
(animals)Y 

(6.4a) 

RCON(t+DT) = max(RCON(t) + DT*C5*(GRT(t) - GRE), .1) (6.4b) 

lI'here: 

RCON 

GRF 

C5 

= range condition (a dimensionless number) 

= equilibrium grazing rate (which results 
in constant range condition) (has/animal) 

= a parameter that determines the extent of 
influence of grazing rate upon range 
condition 

'~/For a detailed comput.ation of this variable ~;e(' 
subroutine DEMOG in the Appendix. 
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Hangr' condiLlClrl t:~ pY'l'venLed ['room dimlnll',i,Jrw h('I()\'! 1m Irll-

realtstic limit by establishing a lower bound for HCON. 

The aboye equations stipulate that range condition increases 

or decreases over time if GRT is respectively greater or less 

than GRE. Given range condition, it i8 now possible to eom-

pute the total TDN available froID the flood-free traditional 

grazing land. 

TDNTG(t) = RCON(t)*(CGO(t)*CPLPTITTGL(t) + CGOl(t) 

where: 

*(1 - CPLPT)*TTGL(t)) 

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 

eGOl = as defined in Equation 6.3b 

TTGL = as defined in Equation 6.3a. 

( 6 . 5) 

Total TDN available froID erap residues and seasonally 

fIooded lands ls computed as: 

TD~RE(t) = C7*C220*(TLCRU(t) + TLCRL(t)) ( 6 . 6 ) 

TDNSF(t) = TGLSF(t)*C9*CIO (6.71 

where: 

TDNRE = TDN available to traditional animals from 
erop residues (tons/year) 

TLCRU = land in eash 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 propcrtion 
of cash crops producing residues used to 
feed traditional animal s 

C9 = proportion of time that flooded land is 
available for grazing 

C10 = 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) = TDNTG(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 arate 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 nati.ve grasses. In addition, alternative 4 

tnc]udes thc production of forage crops to supplemcnt nutri-

tion from grasses. The conponent computes the average yield 
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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 eaeh alternative. Forages are planted to the 

extent needed to make up for the defieit in nutrition as 

shown by the difference between the TDN obtained from grasses 

and a target level of TDN (TDND in Equation 6.9f). A~though 

7DND eould be a poliey parameter, the model assumes ttis 

target is set at the nutrition level required to support 

four head per heetare, the eurrent average carrying capaeity 

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) = CGI(t)*CPLPT + CG2(t)*(1 - CPLPT) 

CTR(t) = CG3*CPLPT + CG4*(1 - CPLPT) 

TDNF = C253*C254*TDNSG 
C250 

Further, CGA(t) = CGI, and 

CTR(t) = CG3 for alternatives 2 and 4. 

where: 

(6.9a) 

(6.9b) 

(6.9c) 

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 III.3) (tons/ha-year) 

CG4 = TDN yield from transition native grasses 
(see 'rabIe III. 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 
los ses when green forage is converted into 
silage 

C253 = yield of green forage (tons/ha-cutting) 

C254 = the number of times forages are harvested 
during the growing season (cuttings/year). 

In computing Equation 6.9c it has been assumed that 

forages are grown without irrigation and the growing season 

is thus restricted to the rainy periodo 

(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*TLF'.(t) + TDNG.(t)*TMPL.(t), i=3,4 
l l l 

(6.9i) 

where: 

TDNM = TDN output from modern land (tons/year). 
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Cattle Production 

Demography 

Cattle inventories and output are modeled dynamically 

as populations distributed over time and stage of production. 

The demographic model of the cattle population 1s divided 

into three age cohorts for females and two age cohorts for 

males (Figure 11.4). The respective cohort lengths reflect 

the three production stages the model identifies: a g~owing 

stage, a producing stage, and a stage in which animals with-

out reproductive capabilities remain. The aging of animals 

through the first two cohorts is modeled by djstributed 

lags. 11 When females finally enter the old age cohort, their 

aging rate is no longer modeled, and cows remain there 

affected by deaths and sales through herd management policies. 

Based on the census data available [15J the model assumes 

that all animals two years old and less are included in the 

growing cohort; the producing cohort includes those animals 

over two years. 

The preceding production process is simulated by 

four calls to DELDT subroutine [52, 54J, one for each sex 

cohort. Since the structure of the subroutine is alike for 

each cohort and differences in output arise only from dif-

ferences in inputs, only the production of growing females 

1/The distributed lag model used here has been adapted 
following Abkin [1, Chapter 3J. 
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FIGURE 11.4. Cattle production cohorts. 

will be discussed in detail here. The growing males cohort 

uses the male birth rate as an input, and the producing 

cohorts use as an input the output of the growing cohorts. 

Equations 6.10 define traditional or modern populations 

depending upon whether DELDT is supplied with traditiona1 or 

modern data. 

CALL DELDT (BF (t-DT), RFOU1 (t), RINTFlC t), DGROF, IDTF1, 

DT, KC-POF) (6.10a) 

where: 

BF = rate females enter the first cohort, i.e., 
the female birth rate--Equation 6.19b 
(animals/year) 

RFOUl = rate growing females leave cohort 1 and 
enter the producing stage (animals/year). 



DGROF = average length of time ferr:aleR 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, IDTFl 
= other variables associated with tr.e use of 

the DELDT subroutine 

DT = time increment of the model (years). 

The purpose of this call to subroutine DELDT is to 

compute RFOU1(t), the rate females leave Cohort l. This rate 

minus any losses (due to deaths, sales and transfers) becomes 

the input to Cohort 2, the producing stage, RFOUP1(t): 

RFOUP1(t) = RFOU1(t) - RFOU1(t)*(DRL1(t) + PSFG(t) 

where: 

+ PPFGT(t))*DT 

DRLl = death rate of the growing population-­
Equation 6.16 (proportion/year) 

PSFG = proportion of growing females sold 
(proportion/year)l/ 

(6.10b) 

FFFGT = proportion of growing females transferred 
out of a given sector (modern or traditional) 
(proportion/year)lI 

The output of the male producing cOhort, Rl,¡OU2, is the 

number of finished males available annually for in:mediate 

consumption, and the output of the fen:ale producing cohort, 

RFOU2, is the rate at which females leave the producing stage 

l/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 TIodel of the cattle 

demographic process, it ls possible to compute the population 

in each cohort, total population and other variables of 

importance in the modelo 

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) -

where: 

RFGT(t) - RFOUPl(t)) (6.11) 

PPG = population of growing females (animals) 

SLSFG = sales of growing females--Equations 6.22 
(animals/year) 

RFGT = rate growing 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) + DT*(RFOUP2(t) - SOLDF(t) - DRL2(t) 

where: 

*OLDF(t» (6.12) 

OLDF = population of old females (females which 
have concluded the reproductive l:\.fe) 
(animals) 

SOLDF = sales of old females--Equat:\.on 6.22e 
(animals/year) 

RFOUP2= rate females leave the producing stage 
and enter old age--Equation 6.10b where 
transfers = O (an:\.mals/year) 

DRL2 = death rate of the producing population-­
Equat:\.on 6.16 (proportion/year). 

Once cattle demography has been s:\.mulated, the model 

computes the variables affect:\.ng the transit:\.on rates of this 

populat:\.on. Live birth rates and death rates are computed as 

a function of the level of nutrit:\.on (TDNA). Death rates 

are computed separately for the growing and produc:\.ng popula-

tions as shown in Equations 6.13. The tab1e look-up functions 

[52, 54] used in these equat:\.ons compute trad:\.tiona1 or modern 

birth and death rates depending upon whether the VAL arrays 

are supp1ied with trad:\.tiona1 or modern data. F:\.gures 11.5 

graphica1ly depict these functions. 

BR(t) = TABLIE(VALB, SMALLB, DIFFB, KB, 'I'DNA) (6.l3a) 

DRG (t) = TABLIE (VALDG, SMALLDG, DIFPDG, KDG, TDNA) (6.l3tl 

DRP(t) = TABLIE(VALDP, SI1ALLDP, DIFFDP, KDP, TDNA) (6.13c) 
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BR ~ 1i ve birth rate--pr'oportion el' procud nt~ 
females calving per year. In the modol is 
al so taken as a pregnancy rato 

DRG = 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 
arbitrary 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.lI 

In reality, births and deaths do not change instanta-

neously with changes in nutritional levels and/or population 

sizes, but rather lag behind changes in these variables. 

The variables BR, DRG and DRP must therefore be operated on 

to introduce these lag effects. Equation 6.l~ shows this 

computation for birth rates: 

BR2(t) DT 
~ BR2(t-DT) + DEL1*(BR(t-DT) - BR2(t-DT)) (6.14) 

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

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 rateo 

BRL2(t) = BR2(t)*(1 - CBANG(t)) (6.15) 

where: 

BRL2 

CBANG 

= the effectiVe live birth rate (proportion/year) 

= proportion of pregnant cows aborting due to 
brucellosis, where O ~ CBANG ~ .04.!I 

The effect of FMD on death rates is introduced into 

the model by the variable DRA which depends on the proportion 

of animals treated annually. This effect i5 shown in Equa-

tion 6.16 for the growing cohort. 

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



147 

DRL1(t) = DR1(t)*DRA(t) (6.16) 

where: 

DRLl = the effective death rate of growing animals 
(proportion/year) 

DRl = the actual death rate of growing anima1s-­
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 animal s come out from eaCh of the 

transition rates in the same proportion. Equation 6.l7a 

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 arate 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 [24J. 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 [31J. 

FINF(t+DT) = PFINF(t)*[PFP(t) - DT*(DFP(t) + RFOU2(t) + 

SLMAS(t»] - SLINF(t)*DT + DT*(CB(t)*O.lO 

where: 

+ PIFNU(t»*[(PFP(t) - DT*(DFP(t) + RFOU2(t) 

+ SLMAS(t»*(l - PFINF(t») + DT*(RFOU1(t) 

- RFPT(t) - SLFER(t»] (6.l7a) 

FINF = producing females which are infertile (animals) 

PFINF = proportion of producing females which are 
infertile 

PFP = population of producing females--Equation 
6.11 (animals) 

DFP = actual deaths of producing females-­
Equation 6.20b (animals/year) 

RFOU2 = actual rate at which producing females leave 
the producing stage--Equations 6.10 (animals/ 
year) 

SLMAS = sales of producing females with mastitis due 
to FMD--Equations 6.22 (animals/year) 

SLINF = sales of infertile females--Equation 6.22 
(animals/year) 

CB = producing females aborting per year 
(proportion/year) 

PIF~U = producing females becoming infertile due to 
malnutrition where .01 < PIFNU < .05 
(proportion/year) - -

RFOUl = actual rate at which females leave the grow­
ing stage--Equations 6.10 (animals/year) 

RFPT = rate producing females are transferred out 
of a sector--Equations 5.53 (animals/year) 

SLFER = sales of fertile producing females--Equations 
6.22 (animals/year). 



Equation 6.l7b 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 [31J. This equation al so 

implies, as a simplification, that treatment agair:st F~m 

is applied to animals in each cohort in the same proportion. 

FMAS(t+DT) = PFMAS(t)*[PFP(t) - DT*(DFP(t) + RFOU2(t) 

where: 

a ~ . 
ú. 

+ SLINF(t»] - SLMAS(t)*DT + (1 - PATAF(t» 

*DT*O.18*O.05*[(PFP(t) - DT*(DFP(t) + RFOU2(t) 

+ SLINF(t)*(l - PFMAS(t») + DT*(RFOU1(t) -

RFPT(t) - SLFER(t»] 

FMAS = producing females with mastitis due to 
FMD (animals) 

(6.l7b) 

PFMAS = proportion of producing females with mastitis 

PATAF = animals treated against F~m--Equation 6. 28c 
(proportion/year). 

Finally, the number of fertile cows is simply computed 

FER(t) = PFP(t) - FMAS(t) - FINF(t) (6.18) 

Given the population of fertile females and the 

effective birth rate, it 1s poss1ble 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) 

BF(t) ~ O.5*BA(t) 

BM(t) ~ BA(t) - BF(t) 

where: 

BA = total animal births (animals/year) 

BF = total female births (animals/year) 

BM = total male births (animals/year) 

BRL2 = as defined in Equation 6.15. 

(6.19a) 

(6.19b) 

(6.l9c) 

Animal deaths are computed for growing and producing 

animals and for each sex category. Equations 6.20 show this 

computation for females only. 

DFG(t) = PFG(t)*DRL1(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 
(animals/year) 

PFG = population of growing females--
Equation 6.11 (animals) 

PFP = population of producing females--
Equation 6.11 (animals) 

DRL1, DRL2 = as defined in Equation 6.16. 

IVlilk n.nd Jlnim:¡]s Clutpllt 

Next, the model computes the output from cattle in 

the form of milk and total sales, and the marketing equations 



used in the generation of prices. The quantity of milk 

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) + (1 - PATAF(t»*O.82 + (1-

where: 

(VAL6, .31, .31, 4, TDNA) (6.21a) 

QM = quantity of milk produced (liters/year) 

PFLAC = 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
tional sector (liters/year). 

Cattle sales are computed for each cohort and are 

part of the herd management policies introduced into the 
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modelo 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): (l} 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 

used to control the cattle population to maintain a prescribed 

level of nutrition, and animals exceeding carrying capacity 

are marketed following the order discussed earlier. lf 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 froID being liquidated, and a lower 
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bound indicating that a minimum of animals are marketed froffi 

the herd despite low price incentives and/or excess carrying 

capacity. These bounds are set by the model parameters BMN, 

BMX, AMX and AMN which permit simulating farmers' behavicr 

and herd management policies (see Table 11.3), Since there 

are similar relationships between management of the tradi-

tional and modern herds and for each of the six sale groups, 

the sale of old cows will be shown in detail here. Response 

[_PAP lELAS ~ 
to price is given by the relationship PAPO ~n EQuation 

6 22 d t "t" l ti h" . b PAN " . c, an nu rl lon re a ons lpS are glven y COHS ln 

Equation 6.22d,1I 

!/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 Parameter!/ Traditional Modern 

Old Cows: 
AMXl 0.75 1. 00 
AMNl 0.50 0.90 
B]I'l.xl 0.75 1. 00 
BMNl 0.50 0.90 

Intertile cows: 
AMX2 0.25 1. 00 
AMN2 0.15 0.80 
BMX2 0.18 0.95 
BMN2 0.15 0.80 

Cows with mastitis: 
AMX3 1. 00 1. 00 
AMN3 0.70 0.80 
BMX3 1. 00 1. 00 
BMN3 0.70 0.80 

Growing males: 
AMX4 0.23 0.30 
AMN4 O .H O .H 
BMX4 0.14 0.20 
BMN4 O .H O .H 

Growing females: 
AMX5 0.21 0.25 
AMN5 0.13 0.13 
BMX5 0.17 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 0.10 0.10 

!/AMXi' BMX i and AMN., BMN i are model parameters 
determining upper and lower 50unds to cattle sales (Equations 
6.22c and 6. 22d)--proportion/year. 

Source: Guesstimates and model tuning. 
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TOPEQ(t) • TDN(t)*NREQ 

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). 

[
PAP(t)]ELASl 

PRESl(t) • min{BMXl, max[BMNl, PRSIl* PAPO J} (6.22c) 

PAN(t) PSFO(t) = min{AMXl, max[AMNl, PRESl(t) + C206*oLDFetl]} (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 animal s marketed for consumption and/or export froID 

the Costa herd (Equation 6.24). Although sorne of these 

animals are finished in other regions, it has be en 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 modelo 

SVPCTA(t) = SLSCCT(t) + SLSMLT(t) + SOLDFT(t) + C212*(SLSCCM(t) 

where: 

+ SLSMLM(t) + SOLDFM(t) + C213*(TDTHST(t) + 

TDTHSM(t)) + C214*(SLFERT(t) + C212*SLFERM(t)) 

+ C215*(SLSFGT(t) + C212*SLSFGM(t) + C216* 

(SLSMGT(t) + C212*SLSMGM(t)) (6.24) 

SUPCTA 

SLSCCT, SLSCCM 

SLSMLT, SLSMLM 

SOLDFT, SOLDFM 

TDTHST, TDTHSM 

SLFERT, SLFERM 

SLSFGT, SLSFGM 

SLSMGT, SLSMGM 

= supply from the Costa herd 
(animals/year) 

= sale of cows with reproductive 
problems traditional and modern, 
respectively (animals/year) 

= sale of mature males traditional 
and modern, respectively (animals/ 
year) 

= sale of old cows traditional and 
modern, respectively (animals/ 
year) 

= total animal deaths traditional and 
modern, respectively (animals/year) 

= sale of fertile cows traditional 
and modern, respectively (animals/ 
year) 

= sale of growing females traditional 
and modern, respectively (animals/ 
year) 

= sale of growing males traditional 
and modern, respectively (animals/ 
year) 
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= a parameter accounting for heavier 
animals from the modern sector 
(dimensionless) 

C213, ... , C216 
= parameters determining the propontion 

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 values in order 

to test the effect of government policies on the development 

of the non-Costa cattle economy. Beef supply is computed as 

the off-take for exports and slaughter from this popu1ation, 

where the extraction ratio ref1ects the oscil1ations 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 

C217 

= the exponential function 

= rate of growth of non-Costa cattle popula­
tion (proportion/year) 



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* 

where: 

PA(t) - PA(t-DT) 
PA(t-DT)*DT (6.26b) 

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 

C237 = rate of increase in income (proportion/year) 

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 jllegal exports, UNEXPL. Due to the lack of 

statistics on illegal exports, these are handled as a constant 

throughout the simulation. Yet it would be realicttc to treat 

UNEXPL as a variable since it can be expected this border trade 

will be responsive to market conditions in Colombia as wel1 

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 r.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 introduced in the nodel by the 

exponential function involving the variable TCAD(TCAD = t 

-TDO) where TDO is the year at which the disease control 

program starts. 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 assumes that heifers are treated at birth. 

ATABTT(t) = BFT(t)*max[l - C198*EXP(-C199*TACAD), C242] (6.27a) 

where: 

ATABTT = heifers treated against brucellosis in the 
traditional sector (animals/year) 

BFT = total traditional female births--Equation 
6.19b (animals/year) 

C242 = proportion of heifers treated without the 
campaign 

C198 = proportion of heifers Ieft untreated 
(C198 = 1 - C242) 

C199 = model parameter regulating the shape of the 
exponential curve. 

The movement of the treated heifers is tracked through 

the growing stage until they reach the producing stage, and 

this allows the model to compute the proportion of cows 

treated, PCTAB, which is needed in determining the variable 

CBANG used in Equation 6.15. The equations computing PCTAB 

have the same structure for both the traditional and modern 

sectors, with the exception that the latter keeps track of 

the treated females transferred from the traditional sector. 

Equations 6.27b through 6.27d show thls computation for the 

traditional sector. 
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PGFTB(t) = 

ATABTT(t)*DT + PGFTBT - BFT (t-IYl' *lYl') 

CTABT(t) = RFOUT1(t-DT)*PqFTBT(t-DT)*DT + PCTABT(t-DT)* 

(PFPT(t) - RFOUTl(t-DT)*DT) 

PCTABT(t) = CTABT(t) 
PFPT(t) 

where: 

PGFTBT = proportion of growing females treated 
against brucel10sis in the traditiona1 
sector 

(6.27b) 

(6.27c) 

(6.27d) 

PFGT = popu1ation of growing females in the 
traditional sector--Equation 6.11 (animals) 

CTABT = cows treated against bruce110sis in the 
traditional sector (anima1s) 

RFOUTl = rate females leave the growing stage-­
Equation 6.10b (animals/year) 

PCTABT = proportion of cows treated against bruce1losis 
in the traditional sector. 

Although the campaign against FMD and bruce110sis is 

being carried out simultaneously, the data avai1able [31J do 

not al10w a breakdown of expenditures between the two programs. 

This prob1em was simp1ified in the model assuming that treat-

ment against FMD was the on1y one depending on government 

expenditures. But since farmers have been and continue to 

treat a part of the herd on their own, the mode1 computes 

both animals treated privately and by campaign personnel. 

Equation 6.28b implies that eventual1y al1 anima1s could be 

treated by the campaign, in which case farmers who have been 
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treating their herds private1y wi11 be charged for the 

service. The current program invo1ves charging services to 

medium- and 1arge-size farmers, and providing subsidized 

services to small farmers [31J. 

Since treatment against FMD is applied two or three 

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. 

where: 

(6.28a) 

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 = total traditional cattle population in the 
Costa (animals). 

ATAFPT(t) = (TOPOPT(t) - ATAFT(t))*max[l - C200*EXP 

(-C201*TACAD), C244)] (6.28b) 

PATAFT(t) ATAFTT(t) 
= TOPOPT(t) 

(6.28c) 

where: 

ATAFPT 

ATAFTT 

= privately treated animals against FMD in the 
traditional sector (animals) 

= total privately and government treated anima1s 
against FMD in the traditional sector (anima1s) 
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PATAFT = proportion of animals treaó8d against FMD 
in the traditional sector 

C244 = 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 al so implies a promotion and/or diffusion 

effect among farmers due to the campaign. As time oi' 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 tJ:le planning hori zon. These expecta tions 

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. 1t 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 tor 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 eash crops in the uplands-­
Equation 5.24 (heetares) 

YLDCU = the projeeted yield of eash erops in the 
uplands--Equation 6.2a (tons/ha-year) 

PCROPU = the projeeted produeer priee of cash erops 
from the uplands--Equation 7.4a (Ps/ton). 

ACCRU(t) = TLCRU(t)*CSTHCU(t-DT)*(l + DT*RCST) (6.29b) 

where: 

ACCRU = aeeounting eost of eash erops in the 
uplands (Ps/year) 

CSTHCU = the average cost of cash erops in the 
uplands (Ps/ha-year) 

RCST = the rate of inerease in farm costs 
(proportion/year). 

Next, the model generates eosts and revenues from 

eattle. Operating eosts have been eomputed separately for 

the pasture lands and for the herd. The operating eost of 

land in the traditional and in the modern seetors are eom-

puted by Equations 6.30 below. Equation 6.30a is flexible 

to aeeount for the seasonally flooded lands in TTGLR 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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OPCLNT = total operating costs of traditional grass­
lands (Ps/year) 

TTGLR = 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 controlling total land 
where costs are incurred (proportior). 

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 in establishment costs. 

OPCLNM(t) = TLMOD(t)*CLNDM(t)*(l - CPLF(t» + TLF(t-DT)* 

where: 

(6.30b) 

OPCLNM = operating cost of modern grasslands (Ps/year) 

TL~IOD = 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 = cost of harvesting and storing forage (Ps/ton) 

C253 = a parameter determining the y1eld of forages 
per cutt1ng (ts/ha-cutting) 
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= 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) 

where: 

OPCLAT = operating costs of traditional cattle 
(Ps/year) 

TOPOPT = total cattle population in the tradi­
tional sector (animals) 

CSTANT = average operating cost of traditional 
animals (Ps/animal-year). 

(6.31) 

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 

sectors. The value of EQLM varies with the alternative 

chosenl / and the corresponding value (EQLT) for the tradi-

tional sector ls adjusted by a model parameter to account 

for the flooded grasslands (see discussion for Equation 6.30a 

~RQLM = 110; 120; 150; 170 Ps/ha-year for alter-
nativeR 1, 2, 3 and 4, respectively. 
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aboye). The value of the property tax is based on the 

assessed capitalized value of land (see Chapter 2) and iR 

computed in Equation 6.33 for the traditional sector. 

CAPDEM(t) = TLMOD(t)*EQLM (6.32) 

where: 

CAPDEM = modern sector replacement investment in 
grasslandsand equipment (Ps/year) 

EQLM = capital costs for modern cattle produc­
tion (Ps/ha-year) 

TLMOD = as defined in Equation 6.3Gb (hectares). 

VLDTXT(t) = 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 
traditional cattle production--Equation 
9.15 (Pesos) 

TAXLND = the land tax rate (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 (TAXC1) was recorded from values set by the government 

between 1967 and 1970~/ and then extrapolated by means of a 

TABEXE function [52J. These computations for the t~aditional 

sector are shown below: 

TAXCT1(t) = (PMGT(t)*C222 + PMPT(t))*C223*PKGR (6.34a) 

where: 

TAXCTl = the traditional cattle selective inventory 
tax (Ps/year) 

PMGT, P~lPT 

PKGR 

C222 

C223 

= traditional growing and producing male 
population, respectively--Equation 6.11 
(animals) 

= the assessed liveweight tax rate (Ps/ 
kilogram-year) 

= a model parameter determining the proportion 
of growing males over one year of age 
(proportion) 

= 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) 

YMinisterio de A~ricultura, "Estudio Sobre la Renta 
Presuntiva." Bogota, 1971, pp. 1-111. (Mimeographed.) 

~/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. 



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 
(animals) 

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 

i8 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) 

where: 

+ CSTGH(t) (6.35) 

TEC 

CSIMNP 

CSIMAP 

CSPLAP 

= total establishment costs at market 
prices (Ps/ha) 

= average1
7
cost of improving native pastures 

(Ps/hal_ 

= average cost of improving artificial 
pastures (Ps/ha)l/ 

= average cost of substituting artificial 
for native pastures (Ps/ha)!/ 

CSPLFG = average cost of establishing forage crops 
(Ps/ha)Y 

CSTGH = average cost of building forage storage 
(Ps/ha)Y 

l/For a detailed computation of these variables see 
subroutine MODCRD in the Appendix. 
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Equation 6.35 aboye is the general approach of account­

ing for establishment expenditures at their opportunity costo 

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 ALPHl computed in Equation 6.36 

i8 an attempt to simulate the response of farmera I "~eh2vior 

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 11.7 ALPHl 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 

(C234) 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 

farmers' behavior can be simulated by appropriately assigning 

values to these three parameters. 

ALPH1(t) = C234 +min[l - C234, (1 - C234)*EXP(-C236* 

(PDR(t-DT) - C235»J (6.36) 
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ALPH1(t) 
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I 

I 
r- C236 

I 
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C234 r- -----------
I 

O C235 PDR(t) 

FIGURE 11.7. The on-farm resource use response function. 

where: 

ALPHl 

PDR 

C234 

C235 

C236 

= a variable which introduces the effect of 
the profitability criterion PDR upon total 
outlays for establishing an alternative 
(proportion) 

= the relative profitability differential of 
Equation 5.30 (dimensionlessl 

~ a model parameter determining the mínimum 
proportion of establishment costs met with 
outside resources (proportion) 

= the on-farm resources intensity of use 
response threshold (dimensionless) 

= 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 :or establishing 

an alternative, TCEC, are simply computed as: 

TCEC(t) = TEC(t)*ALPHl(t) (6.37) 

Given the components that enter in the formation of 

cattle production costs, 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) + 

where: 

TAXCM(t) + ALINT(t) + ALREP(t) + (TCEC(t) -

ALPHl(t)*CSTGH(t»*TRSL(t) + RPCAPT(t) 
3*XDEL (6.38) 

ACLAM = total accounting costs of modern sector 
(Ps/yearl 

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 
" 

(TAXCM(t) = f TAXCMi(t»--Equations 6.3 b 
i=l 

(Ps/year) 

ALINT = interest payments on development credit-­
Equation 9.8b CPs/year) 
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ALREP = repayment of development credits--Equation 
9.5 (Ps/year) 

CSTGH = cost of building forage storage (Ps/ha) 

TCEC = total cash establishment costs--Equation 
6.37 (Ps/ha) 

ALPHl = 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 animal s 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 [23J. 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) 



HS 

YAM(t) = 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, SLFERM 
" as defined in Equatíon 6.24 (animals/year) 

SLSMPM, SLSMFM 
= as defíned in Equatíon 6.24 (anímals/year) 

SLSFGM, SLSMGM 

" as defined in Equatíon 6.24 (anímals/year) 

YAM "income from sales of modern animals (Fs/year) 

FAP = producer price of finished males--Equatíon 
7.3 (Fs/animal) 

C224, ••• , C228 
= model parameters determíníng price relation­

ships between fínished males and other sale 
groups (proportion) 

ARLAM(t) " YAM(t) + YMM(t) + ALOAN(t) + AGSUM(t) (6.39c) 

where: 

ARLAM = accountíng revenues from modern cattle 
(Fs/year) 

YMM = income from milk in the modern sector 
(Fs/year) 

ALOAN = credits paid for farm development--Equatíon 
9.4a (Ps/year) 

AGSUM = subsidíes paid to the modern sector (Ps/year). 

Accounting costs and revenues provide estimates at 

a given poínt in time. Yet when farmers are consideríng the 

adoptíon of a new method they requíre 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). Expected revenues and 

costs are computed in Equations 6.40 below: 

EOPCLM(t) = 
CSTANTL(t)*CA1NCRi (6.40a) 

GRE 

EOCLNMi(t) = CLNDTL(t)*CL1NCRi (6.40b) 

EVLDTXi(t) = VLTXTL(t)*VLTXTPi (6.40c) 

ETXC. (t) = 
l 

TAXCTL(t)*TXCPi 
(6.40d) 

ECADEMi(t) = EQLT*C268*CAPDTP. (6.40e) 
l 

where: 

EOPCLM = expected operating costs of modern cattle 
(Ps/ha-year) 

EOCLNM = expected operating costs of modern 
grasslands (Ps/ha-year) 

EVLDTX = expected taxes on land in modern cattle 
production (Ps/ha-year) 

E'l'XC = expected special taxes on modern cattle 
(Ps/ha-year) 

ECADEM = expected capital depreciation in the 
modern sector (Ps/ha-year) 

CS'I'I\NTL = 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 1 

Definition (Eqn. Na.) 1 2 3 4 5 6 7 8 9 10 11 1 ~. 

-"-

SINCR(5.35c) determines ¡ 
change in sales I 

Alternative: 1 1 1 1.15 1. 45 1. 65 1.9 1.9 2 2 2 2 
1

2 
2 1 1 1.15 1.7 2 2.25 2.45 2.6 2.6 2.6 2.6 A ~ c..e 
3 1 1 1.5 2.7 3.2 3.9 4 4 4 4 4 I ,. 

,4 

4 1 1 1.5 2.7 3.2 3.9 4 4 4 4 4 IL 
TMINCR(5.35c) determines I 
change in milk output 

I1. L Alternative: 1 1.1 1.2 1.25 1.25 1. 35 1.35 1.35 1.4 1.4 1.4 1.4 , 
2 1.2 1. 22 1. 29 1. 36 1. 43 1. 46 1. 53 1. 57 1. 57 1. 57 1.5711.57 
3 1.3 1. 37 1. 57 1.8 2 2.2 2.22 2.22 2.22 2.22 2.2212.22 
4 1. 32 1. 39 1.6 1. 82 2.2 2.4 2.4 2.4 2.4 2.4 2.4 12.'-: 

BINCR(5.35c) determines I 
change in inventory I 

lo 
, 

Alterna.tive: 1 O 0.05 0.15 O 0.15 O O 0.1 O O Ir 
, J 

2 O 0.08 0.22 0.15 0.15 0.1 0.05 0.05 O O ¡. O Ir 

3 O 0·35 0.45 0.5 0.4 0.2 0.2 O O O 1: !') 
4 O 0·35 0.45 0.5 0.4 0.2 0.2 O O O \j ! .'"~' 

CA1NCR(6.40a) determines i 
i 
I 

change in animal costs I 

I 

Alternative: 1 1.17 1. 27 1. 42 1. 42 1.57 1. 57 1.5! 1. 67 1.67 1 6711 {,.,I, {7 . I.L·~, ._.~. 

2 1.17 1.32 1. 47 1. 47 1. 62 1. 62 1.62 1. 77 1.77 1.77,1.77'1.77 
3 1.2 1. 67 1. 97 2.47 2.87 3.07 3.27 3.27 3.27 3.27'3.27!3.2 7 

4 1.2 1. 67 1. 97 2.47 2.87 3.07 3.27 3.27 3.27 3 271< 27 "O ~7 • J • ~ • - i 

I _.-

i-"' 
-'l 

-" 



-=- A:3LE II. 4. (continued) 

Planning Horizon (years) 

Parameter 
Definition (Eqn. No.) 1 2 3 4 5 6 7 8 

:LINCR(6.40b) determines 
change in land costs 

Alternative: 1 1 1 1. 25 1. 25 1.4 1.4 1.4 1.5 
2 1 1 1. 25 1. 25 1.4 1.4 1.4 1.5 
3 1 1.3 1.6 1.8 2 2.5 2.5 2.5 
4 1 1.2 1.4 1.6 1.8 2.2 2.2 2.2 

:LTXTP(6.40c) determines 
change in value of land tax 

Alternative: 1 1 1 1 1.2 1.2 1.2 1.3 1.3 
2 1 1 1 1. 25 1. 25 1. 25 1. 35 1. 35 
3 1 1 1 1.3 1.3 1.3 1.4 1.4 
4 1 1 1 1. 32 1. 32 1. 32 1. 42 1. 42 

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 
2 1.1 1. 25 1.3 1. 33 1. 35 1. 36 1. 37 1.4 
3 1.1 1. 35 1.6 2 2.4 2.55 2.6 2.6 
4 1.1 1. 35 1.6 2 2.4 2.55 2.6 2.6 

:APDTP(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 1 1.6 2.5 2.8 3 3 3 3 
3 1.1 2 2.8 3 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 

-_ .. _-

Source: [42J and initial guesstimates and model tuning. 

9 10 

1.5 1.5 
1.5 1.5 
2.5 2.5 
2.2 2.2 

1.3 1.3 
1. 35 1. 35 
1.4 1.4 
1. 42 1. 42 

1.3 1.3 
1.4 1.4 
2.6 2.6 
2.6 2.6 

2.5 2.5 
3 3 
3.4 3.4 
3.3 3.3 

11 

1.5 
1.5 
2.5 
2.2 

1.3 
1. 35 
1.4 
1. 42 

1.3 
1.4 
2.6 
2.6 

2.5 
3 
3.4 
3.3 

12 

1.5 
1.5 
2.5 
2.2 

1.3 
1. 35 
1.4 
1. 42 

1.3 
1.4 
2.6 
2.6 

2.5 
3 
3.4 
3.3 

f-' 
-J 
en 



GRE 

CLNDTL 

VLTXTL 

TAXCTL 

1-79 

= equilibrium grazing rate (has/animal) 

= the exponential average of traditional 
grasslands cost (Ps/ha-year) 

= the exponential average of traditional 
land tax (Ps/ha-year) 

= 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 anim2,~ ~osts 
(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) 
3*XDEL (6.40fl 

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 computes interests paid on the 
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entire credit received for development during the period 

of establishment and the grace periodo 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 

al loca tes these values among the relevant years in the planning 

horizon. 

ELOAN(t) 

where: 

= TCEC(t)*(l - RPTN) 
LTl 

(6.40g) 

ELOAN = expected credits paid for farm development 
(Ps/ha-year) 

RPTN = farmers' participation of total establish­
ment costs--a policy variable (O ~ RPTN ~ 1) 
(proportion) 

LTl = 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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TABLE II. 5. Selec ted C oeffic ients and Initial Values in the 
Agricultural Production Component (AGPRAC). 

Definition 
(Equation No.) 

DYLDCU 
(6.2a) 

DYLDCL 
(6.2b) 

DYLDFC 
(6.2c) 
GRE 
(6.4b) 
CPLPT 
(6.5) 
TDNSG 
(6.9c) 

TDND 
(6.91') 

NREQT 
(6.22a) 

ELASI 
(6.26b) 
UNEXPL 
(6.26c) 
COSTFT 
(6.28a) 

TAXLAND 
(6.33) 
SFTAX 
(6.34b) 
SMTAX 
(6.34b) 
CT202 
(6.21b) 

Determines target yield of cash 
crops in the uplands (tons/ha­
year) 

Determines target yield of cash 
crops in the lowlands (tons/ 
ha-year) 

Determines target yield of food 
crops (tons/ha-year) 

Determines the equilibrium graz-
ing rate (has/animal) 

Determines proportion of 
artificial grasses 

Determines the average TDN from 
sorghum silage (tons TDN/ton 
silage) 

Determines target yield of TDN 
of grazing lands (tons/ha-year) 

Determines appropriate tradi-
tional animal nutritional re-
quirements (animal-year/ton TDN) 

Determines income elasticity of 
demand for beef 

Value 

1. 65 

2.9 

10 

.45 

.2343 

7.4 

.55 

.6 

Determines illegal cattle exports 300,000 
(animals/year) 

Determines cost of treatment 
against foot-and-mouth disease 
(Ps/animal-year) 

Determines the land tax rate 
(proportion/year) 

Determines the female consumption 
tax rate (Ps/animal) 

Determines the male consumption 
tax rate (Ps/animal) 

Determines number of traditional 
lactating cows milked (proportio~ 

4.5 

.0042 

100 

50 

.4 



182 

TABLE 11.5. (continued) 

Definition 
(Equation No.) 

C217 
(6.25a) 

C223 
(6.34a) 
C224 
(6.39a) 

C225 
(6.39a) 

C226 
(6.39a) 

C227 
(6.39a) 

C228 
(6.39a) 

C237 
(6.26b) 

C238 
(6.26b) 
c242 
(6.27a) 

C244 
(6.28b) 

C248 
(6.33) 
C250 
(6.9c) 

C253 
((í.9c) 

Determines rate of growth of non­
Costa cattle population 
(proportion/year) 

Determines the liveweight tax 
rate (kilograms/animal-year) 

Determines price relationship 
between finished males and cull 
cows (proportion) 

Determines price relationship 
between finished and producing 
males (proportion) 

Determines price relationship 
between finished males and 
breeding cows (proportion) 

Determines price relationship 
between flnished males and 
growing females (proportion) 

Determines price relationship 
between finished and growing 
males (proportion) 

Determines the rate of increase 
in income (proportion/year) 

Determines the rate of increase 
in population (proportion/year) 

Determines proportion of heifers 
treated against brucellosis 
without campaign (proportion) 

Determines proportion of animals 
treated against foot-and-mouth 
without campaign (proportion) 

Determines the assessed value of 
land (proportion) 

Determines the relationship 
between green forage and silage 
(tons forage/ton silage) 

Determines yield of green 
forages (tons/ha-cutting) 

Value 

.0285 

4.0 

.68 

.92 

.88 

.42 

.535 

.1 

.032 

.05 

.3 

.5 

1.2 

40 
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TABLE 11.5. (continued) 

Definition 
(Equation No.) 

C254 
(6.9c) 

C279 
(6.34c) 

CSTHCU(O) 
(6.29b) 
CSTHCL(O) 
(6.29b) 

CSTHFC(O) 
(6.29b) 

CLNDT(O) 
(6.30a) 

CLNDM(O) 
(6.30a) 

CSRFGH(O) 
(6.30b) 

CSHARV(O) 
(6.30b) 

CSTANT(O) 
(6.31) 

CSTANM(O) 
(6.31) 
CSINPH(O) 
(6.35) 

CSIAPH(O) 
(6.35) 

CSPAPH(O) 
(6.35) 
CSPFGH(O) 
(6.35) 

CBS'IG (O) 
(6.35) 

Determines the number of forage 
cuttings (cuttings/year) 

Determines the cattle general 
inventory tax rate (Ps/animal­
year) 

Initial cost of cash crops in 
the uplands (Ps/ha-year) 
Initial cost of cash crops in 
the lowlands (Ps/ha-year) 

Initial cost of food crops 
(Ps/ha-year) 

Initial operating cost of 
traditional grazing lands 
(Ps/ha-year) 

Initial operating cost of modern 
grazing lands (Ps/ha-year) 

Initial cost of replanting and 
growing forages (Ps/ha-year) 
Initial cost of harvesting and 
storing forages (Ps/ton) 

Initial operating cost of 
traditional animals (Ps/animal­
year) 

Initial operating cost of modern 
animals (Ps/animal-year) 

Initial cost of improving native 
grasses (Ps/ha) 

Initial cost of improving 
artificial grasses (Ps/ha) 
Initial cost of planting 
artificial grasses (Ps/ha) 

Initial cost of establishing 
forage crops (Ps/ha) 

Initial cost Qf building forage 
storage (Ps/m j ) 

Value 

3 

3.1 

560 

1,097 

723 

35.8 

100 

570 

6.25 

24.14 

56 

576 

576 

660 

590 

8 .5 

Source: [19, 20, 23, 31, 32, 33, 42, 57, 58, 61, 66, 69, 7lJ 
and initial guesstimates and model tuning. 



CHAPTER 7 

PRICE GENERATION (PG) 

Component PG genera tes wor1d prices for beef and 

market and producer prices of catt1e, cash crops and food 

crops. In addition, five-year exponential average s of the 

producer prices are computed for use by component LAMDAC 

in the profitability ca1culations for the land a1location 

decisions. 

Export and Market Price of Catt1e 

Colombian beef exports have been main1y 1ive catt1e, 

but the government has announced plans to export on1y dressed 

anima1s after 1974. The mode1 assumes this change in export 

po1icy wil1 be effectively imp1emented, and that the re1evant 

wor1d price is for frozen carcas s beef. For the period 1964 

to 1974, prices are for a composite of live anima1s and 

frozen carcass beef. A1though it has been assumed that 

exports wi1l continue in the form of frozen carcass beef, 

it is clear that the export price wi11 be modified if chi1led, 

refrigerated or processed beef is exported. A11 export 

prices are given as live animal prices; carcass beef is con­

verted to 1ive anima1s by use of the factor 4.3 whlch ls the 

number of animal s to produce a metric ton of carcass. World 

prices for cattle (U. S. $/anima1) are exogenous1y 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 [63J. From 1971 to 1974 these composite prices 

are projections based on Instituto de Comercio Exterior 

(INCOMEX) estimates [35J. Fina11y, after 1974 world prices 

are projected assuming various trends that will be discussed 

in Chapter 12. 

o o < t < 4 

117, 115.5, 127, 147, 164, 163.5, 174 

WPB(t) = WPB1970*(1+WPBR*(t-10) 

4 < t < 10 

10 < t < 14 

WPBC(t) 
4.3 

t > 14 

(7.1a) 

WPBC(t) = WPBC1970*(1+WPBCR*(t-10» (7.1b) 

where: 

WPB = world (FOB) price of beef (US$/animal) 

WPBC = wor1d (FOB) priee of frozen careass beef 
(US$/metric ton) 

WPB1970, WPBC1970 
= recorded wor1d priee in 1970 

WPBR = rate of ehange of world price after 1970 
as a proportion of 1970 price. This i5 a 
composite of 1ive anima1s and frozen 
eareass beef (proportion/year) 

WPBCR = rate of change of wor1d price of frozen 
carcass beef after 1970 as a proportion 
of 1970 price (proportion/year) 

t = simu1ated time (t=O i8 1960)--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 s: 

s = t,qjg 
I\p p 

where I\q = qt - qt-DT and I\p = Pt - Pt-DT and the 

ratios are taken relative to the initial price and quantity 

1/ 
demanded, Pt-DT and qt-DT'-

PA(t) = PA(t-DT) + DT*C219*PA(t-DT)* 

where: 

(TDEM(t-DT) - SUPB(t-DT)) 
ELASD*TDEM(t-DT) 

(7.2) 

PA = market prlce of finished males (Ps/anlmal) 

SUPB = total Colomblan supply of beef--Equatlon 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). 

Equatlon 7.2 as sumes that the target change in 

quantity, t,q, 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 < l. The 

!/For a detailed derivatlon see Abkln [1, Chapter 5J. 
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domestic price of othcr types of cattle are co;nput.ed ,1:; .1 

constant proportion of the price of finished majes. This 

computation wi11 be more fu11y discussed in Chapter 9. 

Producer Prices and Price Averages 

Next, producer prices are computed for catt1e and 

crops. Producer prices of crops are exogenously determined 

and are a composite of the major crops grown in eac':; 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 prices in the base year 

(1960) are as reported by the World Bank report on Colombia 

[41J and weighted by total yields in each agricultural region. 

Weights are derived from hectares in production reported 

by DANE [15J 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.~1 

l/IDEMA. Informe Sobre la Superficie Sembrada, 
Produccion Total y Rendimientos de los Productos Basicos. 
Bogota. Mayo 1971. Unpublished Report. 

;/Weights used for 1960 are, for cash crops in the 
lowlands: sesame--.012; cotton--.13; eorn--.24; sorghum-­
.015; and rice--.6. For eash erops in the uplands: sesame-­
.018; eotton--.l1; corn--.85; and sorghum--.D23. For food 
erop: plantain--.48; and cassava--.52. 



188 

TABLE 11.6. 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 below: 

PAP(t) = PA(t)*(l-MKM) (7.3) 

where: 

PAP = producer price of finished males (Ps/animal) 

MKM = the marketing margin for cattle--proportion 
(O ~ MKM ~ 1) (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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justification in the secondary concern of the ruodel 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+DT*RCST) (7.4b) 

PFCROP(t+DT) = PFCROP(t)*(l+DT*RCST) (7.4c) 

where: 

PCROPU = the projected producer price 
crops from uplands (Ps/ton) 

o f cash 

PCROPL = the projected producer price of cash crops 
from lowlands (Ps/ton) 

PFCROP = the projected producer price of food crops 

RCST 

(Ps/ton) 

= the rate of increase in farm costs 
(proportion/year). 

Exponential price average s are computed in Equations 

7.5 for use in determining land allocation decisions 

(Equations 5.35a and 5.35e). 

EPAP(t) = EPAP(t-DT) + D~r5*(PAP{t-DT) - EPAP(t-DT») 

EPCRPU(t) • EPCRPU(t-DT) + D~I7K(PCROPU(t-DT) 

where: 

- EPCRPU(t-DT» 

EPAP = exponential average of finished males 
producer price (Ps/animal) 

( 7 . 5a ) 

(7.5b) 

EPCRPU = exponential average of upland cash crops 
producer price (Ps/ton) 
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DEL5, DEL7 
= averaging 1ags (years). 

The va1ues of a se1ected number of variables used 

in generating prices are shown in Tab1e 11.7. 
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TABLE 11.7. Selected Coefficients and 1nitial Values in the 
Price Generation Component (PG). 

Definition 
(Equation No.) 

WPBR 
(7.1a) 

WPBCR 
(7 .lb) 

ELASD 
(7.2) 

RCST 
(7.4) 

SUPB(O) 
(7.2) 

TDEM(O) 
(7.2) 

PCROPU(O) 
(7.4a) 

PCROPL(O) 
(7.4b) 

PFCROP(O) 
(7.4c) 

PACO) 
(7.2) 

WPBC1970 
(7 . lb ) 

Determines change in live-carcass! 
world price of beef (proportion 
of 1970 price/year) 

Determines change in frozen 
carcas s world price of beef 
(proportion of 1970 price/year) 

Price elasticity of demand for 
beef (dimensionless) 

Determines change in cost of 
farm inputs (proportion/year) 

1nitial total Colombian beef 
supply (animals/year) 

1nitial total demand for 
Colombian beef (animals/year) 

1nitial composite price of cash 
crops in uplands (Ps/m.ton) 

1nitial composite price of cash 
crops in lowlands (Ps/m.ton) 

1nitial composite price of food 
crops (Ps/m. ton) 

1nitial price of finished males 
(Ps/animal) 

\tJorld price for Colombian 
carcass beef in 1970 (dollars/ 
m.ton) 

Value 

l - a / • 1.-

. 384~/ 

.7 

.12 

1,889,100 

1,889,100 

630 

265 

1,067 

588 

~/ Based on price increase between 1964 and 1968 and 
assuming a gradual increasing weight of carcass beef 
on exports from 1970 to 1974. 

2/ Based on 1970 price reported by Sarmiento [63J, and 
on 1972 price (US$1040/m.ton) reported by El Espectador, 
Bogota, April 8, 1973. 

Sources: [15, 16, 23, 41, 63, 67J 



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 modelo 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 

playa 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 which may not actually be developed at 

the momento 

Simulation runs testing parameter sensitivity and 

conducting direct policy experiments are discussed in 

Chapters 11 nnd 12. 
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Polieies 

Three basie poliey strategy alternatives are struetured 

in the simulation modelo Others eould be added, but the 

three ineluded seemed to be quite relevant for Colombian 

poliey makers at the time the model was defined. Polieies 

may be set and experimented with in any one or a eombination 

of the following: production campaigns, tax policies and 

export policies. 

Produetion Campaigns 

Produetion campaigns make up the first class of polieies 

whieh may be investigated. Promotion efforts aimed at moderniz­

ing cattle production can generate substantial returns to both 

the publie and private sectors. Such modernization may entail 

the introduction of better animal husbandry and/or the encourage­

ment of improved pasture management practices and increased 

fodder production. The increase in output can then result 

in higher incomes for the farmers, increased availability of 

basic food for the mass of the population, and increased tax 

revenues and foreign exchange earnings for the public sector. 

The nonagricultural sector, though not modeled, could be 

expected to grow also as a result of increased demands from 

the agricultural sector. 

Associated with this modernization effort is a policy 

of providing credit for farm improvements at special lending 

terms. These terms include the interest rate, the grace 

period, the repayment schedule, the farmers' participation 
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discussed in component CRTACC, Equation 9.4, are generated 

exogenously using a promotion and credit allocation routine. 

The maximum yearly size (VMAX) and time spans (TO, TI, T2, 

TF) of these services may be specified by the experimenter, 

and the model generates the time profile shown in Figure II.8.!! 

Other policies related to production campaigns are 

the control of foot-and-mouth disease and brucellosis, and 

the improvement of crop production. Currently, the model 

takes the disease control campaign as aimed toward the 

traditional sector since it is assumed that animal s in the 

modern sector are appropriately treated as part of the im­

proved husbandry adopted. As indicated in Chapter 6 (Equations 

6.27 and 6.28), animals are treated regardless of their pro-

fitability. All that is required is an exogenous rate of 

vaccination (C199 and C200) which can be set as a policy. 

Government expenditures in the Costa on control of foot-and-

mouth disease, EXPAFT in Equation 6.28a, are generated using 

a TABLIE function which steps up these expenditures from the 

years preceding the campaign until they reach a maximum, and 

l/This routine has been adapted from the moderniza­
tion budget executive routine used in the simulation of the 
Nigerian Agricultural Economy [53J. 
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FIGURE 11.8. Promotion and development credit profile. 

then the function projects them at a constant annual rateo 

The values used in this function have been approximated 

from estimates supp1ied by leA [31J 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 crops is determined 

exogenously using the simple model described by Equations 

6.2, and its effect is measured in the land al1ocation 

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 likely 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 forro of an export 

subsidy can also be examined. 





CHAPTER 9 

ACCOUNTING AND PERFORMANCE CRITERIA (CRTACC) 

Component CRTACC completes the farm accounting and 

computes the perfornance 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 "boxear train" subroutine, one for 

each stage. This subroutine is used to delay a flow for a 

considerable period of tine, with no outflow until the 

delay time is over [21, 52J. The credit-investments periad 
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uses as an input the outlays required for farro improvempnt, 

nct of f'armer" partlelpatlon and U[;c of pr"lvat:" flmel,;. 

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), BOUT1(t), TRAIN1, NCOUN1, NOCYl, 

LT1, SUMIN) (9.1a) 

CALL BOXC(BOUT1(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 needs for land entering modernization 
(Ps/year)Y 

BOUTl = 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 
second call to BOXC) (Ps/year) 

BOUT3 = rate credit investments leave the third 
stage (Ps/year) 

LTl = time development loans are paid (years) 

l/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 (LTl + 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 subroutihes 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. 

TRNSLl(t+DT) = TRNSL1(t) + DT*(AUXS(t) - BOUTl(t) 

- TRAINl(3)*(1 - A5(t») (9.2a) 

TRNSL2(t+DT) = TRNSL2(t) + DT*(BOUTl(t) 

BOUT2(t» (9.2b) 

TRNSL3(t+DT) = TRNSL3(t) + DT*(BOUT2(t) -

where: 

BOUT3(t» (9.2c) 

TRNSLl = total credits paid during the first stage-­
the period when improvements are implemented 
(Ps) 

TRNSL2 = total credits completing the grace period (Ps) 

TRNSL3 = total credits that have to be repaid (Ps) 

AS = the proportion of land remaining in the 
program after dropouts--Equation 5.~~. 

The term involving TRAINl(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 programo This dropout effect ls intro-

duced by the variable A5 dlscussed in Chapter 5. Equation 

9.2a also implies that dropouts, if any, occur during the 

first year after entering the modernization programo 

Development Credit 

Once the total outlays of investment credit are 

generated, it ls easy to determine the credit constlaints 

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 (ARMl in Equation 5.41). 

DCRDT(t) 

CREDT(t) 

where: 

= TRNSL1(t) 
LTl 

= max(ACRDT(t) - DCRDT(t). o) 

(9.3) 

(9.4) 

DCRDT = demand for development credit from ranchers 
already in the program (Ps/year) 

CREDT = credit available for additional modernization 
(Ps/year) 

ACRDT = total credit alloeated for modernization--a 
poliey variable (Ps/year). 

Next, the model computes the debt serviee on develop-

ment loans. As a simplification, the model assumes that all 

farmers entering a modernization pregram reeeive eredit if 

it is available. This is te say that: 

ALOAN(t) = min(CREDT(t), DCRDT(t)) (9.4a) 



ALREP(t) = TRNSL3(t) 
LT3 
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ALOANA(t+DT) = ALOANA(t) + DT*ALOAN(t) 

ALREPA(t+DT) = ALREPA(t) + DT*ALREP(t) 

where: 

ALREP = development loans repaid (Ps/year) 

ALOAN = development loans paid (Ps/year) 

ALREPA = accumulated deve10pment loans repaid 

ALOANA = accumu1ated development credits paid 

Interests on development loans are charged on 

(9.6) 

(9.7l 

(Ps) 

(Ps) . 

the 

outstanding debt balance. These are computed in Equations 

9.8 below: 

DBTOUS(t) = ALOANA(t) - ALREPA(t) 

ALINT(t) = DBTOUS(t)*RINTL 

where: 

DBTOUS = the outstanding development debt (Ps) 

ALINT = interest payments on development loans 
(Ps/year) 

(9.8a) 

(9.8b) 

RINTL = interest rate on development loans--a 
policy variable (proportion of debt/year). 

Commercial Cred:i.t 

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 use has been ruled out in the model (see Chapter 5, 

p. 10~. Regional al1ocation of commercia1 credit by the 

banking system determines its avai1abi1ity to farmers and 

this could be an important constraint in the modelo Yet 

lack of information on this matter led us to the simplifying 

assumption that the only constraint to the use of commercial 

credit was the farmers' capacity to provide an acceptable 

security. It is clear that with more information the a110ca-

tion of commercial 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) = 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 whieh 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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= commercial debt of cattle sector-­
Equation 9.9f (Ps) 

DB~OUS = as defined in Equation 9.8a (Ps). 

Total demand for corr~ercial 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) 

where: 

+ EXPLIV(t), O) (9.9c) 

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. 

Cornmercial loans paid to cattle producers, CLOAN, 

are computed as: 

CLOAN(t) = min(CRDAV(t), TDCRDC(t)) (9.9d) 

The repayment of the cornmercial debt is computed as: 

CREP(t) = max(CREPR*CDEB(t-DT), O) (9.ge) 
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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)) 

CINT(t) = RINTC*CDEB(t) 

where: 

CDEB = commercial debt of cattle sector (Ps) 

CINT = interest payments on commercial debt 
(Ps/year) 

(9.9f) 

(9.9g) 

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 farro income on a regional 

basis. First, Equations 9.10 compute aggregated income from 

cattle. 

ARLSK(t) = ARLAT(t) + ARLAM(t) + CLOAN(t) (9.l0a) 

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: 

FARIL, 

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.ge (Ps/year) 

CINT = as defined in Equation 9.9g (Ps/year) . 

Finally, aggregated net farm income from cattle, 

i8 8imply computed as: 

FARIL(t) = ARLSK(t) - ACLSK(t) (9.10c) 

Next, aggregated farm income from crops i8 computed 

from net income of cash and food crops (as discussed in 

Chapter 6). The value of property tax used in this computa-

tion i8 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 ~ aggregater/net farm income from crops 
(Ps/yearl_ 

FARICC ~ net farm income froro cash crops (Ps/year)Y 

FARIFC ~ net farm income from food crops (Ps/year)Y 

VLDTXC ~ value of taxes on land in crop production 
(Ps/year)Y 

Due to a lack of data on family expenditure patterns 

and statistics on the number of family heads operating cattle 

farms, the computation of living expenditures posed a. dif-

ficult problem. This was circumvented in the model by 

developing a simply income-consumption submodel which uses 

estimates based on experienced judgments. The number of 

cattle farm operators was roughly estimated from the number 

of farms supplied by DANE [14J and an annual minimum 

consumption expenditure was set for the region based on 

reasonable living requirements per family.~/ The income-

consumption equations attempt to incorporate into the model 

consumers' behavior related to income elasticity of demand, 

wealth effects and Engel's law. Savings in the cattle 

economy are implied when the combined income from catt1e 

and crops exceed consumption expenditures. Equations 9.12 

determine the income-consumption relationships discussed 

above. 

l/For detai1ed computation of these variables, see 
subroutine AGACC in the Appendix. 

~/The assumed number of farm families is 40,000 and 
the minimum expenditures for consumption Ps 5,000/family-year. 
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EXPLIV(t) ~ max(ALPH2(t)*GINC(t), EXLMIN) (9.12a) 

where: 

EXPLIV 

GINC 

ALPH2 

= living or consumption expenditures or 
cattle rarmers (Ps/year) 

= aggregated gross income frf~ sales or 
animals and milk (Ps/year)_1 

= as derined in Equation 9.12b (proportion) 

max(a,b) = the minimum value between a and b. 

ALPH2(t) = C261 + (c262 - C261)*EXP(-C263*C264*max 

(GINC(t) - EXLMIN, O) (9.12b) 

where: 

ALPH2 ~ a variable which introduces the effect of 
income upon consumers' behavior (proportion) 

c261 ~ a model parameter determining the minimum 
proportion of income which is consumed 

c262 = a model parameter determining the maximum 
proportion of income which is consumed 

c263 ~ the rate or consumption expenditures response 
with respect to changes in income (dimension­
less) 

c264 = a scale factor 

max(a,b) 
= the maximum value between a and b 

EXP = the exponential function. 

Equations 9.12 imply that a minimum level of con-

sumption always takes place despite low incomes. Further, 

when income is low a higher proportion of it is consumed, 

1:/r"(H' d('I:tI:l ('<1 cornplltntlo)l ~:,"e nuhro\lt-! ne I\GI\CC 
i 11 the I\pp(,11l1J x. 
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but as this increases the proportion consumed decreases 

until it is stabilized when high levels are attained. This 

expenditure pattern reflects consumers' behavior with respect 

to changes in income. It is clear that by assigning dif-

ferent values to the model parameters in the function ALPH2, 

a wide range of consumers' behavior can be simulated. The 

preceding computation can be improved and probably re-

formu1ated as more information on this subject is avai1able. 

Once aggregated income and consumption are determined, 

the model generates the farmers' investment capital that is 

used in component LAMDAC as a constraint to the rate of land 

modernization (Equations 5.41 and 5.42c). This is computed 

in Equation 9.13 below, which assumes an internal transfer 

of capital from the crops sector to the cattle sector. 

NCFR(t) = max(FARIL(t) + C239*FARMIC(t) - EXPLIV(t), O) (9.13) 

where: 

NCFR = net investment capital of farmers (Ps/year) 

FARIL = as defined in Equation 9.10c (Ps/year) 

FARMIC ~ as defined 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. 

Capital Formation and Export Incentives 

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 

expansiono 

The value of cattle in the model is related to the 

price of finished males since this 1s 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 

periodo 

VACAPL(t) = PAP(t)*[C227*(PFGT(t) + C212*PFGM(t» + C226* 

(PFPT(t) + C212*PFPM(t» + C224*(OLDFT(t) + 

C212*OLDFM(t» + C228*(PMGTCt) + C212*PMGM(t» 

+ C225*(PMPT(t) + C212*PMPM(t»] C9.14) 
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VACAPL = 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, tr~di­
tiona1 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 

rateo 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 mentiohed 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 

land is valued at a salvage price assumed to be one peso per 

hectare. But when average returns from modern cattle or crops 

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 ~quations 9.15 below, 

where RINT attempts to represent the opportunity cost of capital 

rather than the interest rate of bank loans. 

VLANDT(t) = max(SVALT*TTGLR(t), FARILT(t)) 
RINT (9.15a) 

where: 

VLANDT = capitalized asset value of land in traditional 
cattle (Ps) 

TTGLR = total Costa land in traditional cattle-­
Equation 5.51 (hectares) 

FARILT = net farm income from traditional cattle (Ps/ 
year) 

RINT = the current rate of interest (proportion/year) 

SVALT = the salvage value of traditional land (Ps/ha.). 

The computation of FARILT does not account for income 

and/or liabilities arising from eredit. This aceounting pro-

eedure implies that borrowing does not affeet land values 

and the proeedure is also applied in the modern sector. The 

eapitalized value of erop land, VLANDC, is eomputed in a 

fashion similar to traditional pasture and is not shown here. 

VeL tllere are two exceptions: the salva~e value of land 

di ::<:1"",,'<1 ,'CU' I ¡"l', clfId Lhe' ¡'cH'rll 1 rreorrrc tlraL 1~, arl :l¡·~I~r'el':aLl' 

of all cauh and food crops. Capitali~ed values per ultit of 
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land are simply computed dividing total valu~ of land by 

total lamj in ('ileh U:;('. 

VLANDM(t) - max(VLNDHT(t)*(TRSL(t) + TLMOD(t)), 

FARILMl(t) 
RINT (9. 15b) 

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.) 

FARILMl = farm income from modern cattle net of 
credit accounts (Ps/year) 

TLr~OD = 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 eoncerned with these two poliey elements here. Export 

subsidies are paid as a proportion of the peso value of ex-

ports and are computed as follows: 

SUBSE(t) = FOREX(t)*EXCHR(t)*EXSUB ( 9 . 16 ) 
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SUBSE = export subsidies paid to cattle sector 
(Ps/year) 

FOREX = foreign exchange earnings from cattle 
exports--Equation 9.17 (US $/year) 

EXCHR = the official exchange rate--a policy 
variable--Equation 9.18a (Ps/dollar) 

EXSUB = the export subsidy--a policy variable 
(proportion of value of exports). 

Foreign exchange earnings are simply computed as: 

FOREX(t) = WPB(t)*EXPL(t) 

where: 

WPB = world (FOB) price of beef--Equation 7.1a 
(US $/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 [44J, and average values for 1967 and at the 

beginning of 1968 are those recorded by the Central Bank [3J. 

From 1968 forward the exchange rate is projected at the rate 

of increase observed during the period 1967 to 1972 [45J. 

These conputations 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. 

r (Le., 
undefined) O < t < 4 

EXCHR(t) = 12.77,13.5, 13·5, 14.5, 15.76 4 < t < 8 (9.18a) 

EXCHR(t-DT) + DT*RCHEX(t-DT) t > 8 
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EXC¡IR = as dufined In Equation 9.16 (Ps/dollar) 

RCHEX = the rate of change in the officia1 exchange 
rate--Equation 9.18b (Ps/year). 

RCHEX(t) = ALl*EXCHR1968*EXP(ALl*(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 = 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 internationa1 markets. Another 

way of 100king at EXMAR is as the profit for beef exporters. 

When exports are made in the form of carcass beef it is 

assumed that revenues froID viscera, hides and other by-

products cover slaughtering and handling costs. In Equation 

9.19 below, the export subsidy, EXSUB, ls 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 + O.8*EXSUB) - PA(t) (9.19) 
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~XIVIAH = 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 modelo 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 \rarm income. 

VALCAP(t) = VACAPL(t) + VLAND(t) (9.20a) 

FAHMI(t) = FAHIL(t) + FAHMIC(t) (9.20b) 

FARMIA(t+DT) = FARMIA(t) + DT*FARMI(t) (9.20c) 

FARILA(t+DT) = FARILA(t) + DT*FARIL(t) (9.20d) 



DSREVL(t+DT) = DSREVL(t) + DT*FARIL(t)*EXP(-DIR*t) 

where: 

VALCAP = total value of animal population and graz­
ing land (Ps) 

FARMI = total agricultural income (Ps/year) 

FARMIA = accumulated agricultural income (Ps) 

FARILA = accurnulated farrn incorne 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) (9.2la) 

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.l5c (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) 

EXPDS(t+DT) = EXPDS(t) + DT*EXPAFT(t) ( 9 . 22b ) 

where: 

ACRDTA = accumulated funds allocated for develop­
ment credit (Ps) 

EXPDS = accumulated public expenditures on control 
of FMD (Ps). 

Finally, beef consumption is computed ín Equations 

9.23 for the total Colombian population. 

POP(t) = POPO*EXP(C282*t) (9.23a) 

PERCAP(t) = C281*(SUPB(t) - EXPL(t) - UNEXPL) 
POP(t) (9.23b) 

where: 

pOP = total Colombian population (habitants) 

POPO = total Colombían population at the begín­
níng of símulatíon (habítants) 

C282 = the rate of growth ín population (por­
portíon habítants/year) 

PERCAP = the Colombían per capíta beef consumption 
(kgs/habítant-year) 

SUPB = total Colombían beef supply--Equatíon 6.25b 
(anímals/year) 

EXPL = regístered beef exports--Equation 6.26c 
(anímals/year) 

UNEXPL = non-regístered beef exports--Equatíon 6.26c 
(anímals/year) 



C?81 == t.1\(' .LVI' t','l¡';<' d r'c\;;;:;(~d (;:U'(:;l~;;; Wl' I¡';h L 

(1(¡~,;/aIl1 rnaJ) . 

l'able 11.8 shows the values of a selected nurnber 

of variables used in cornponent CRTACC. 
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TABLE 11.8. Selected Coefficients and Initial Values in 
the Accounting and Performance Criteria 
Component (CRTACC). 

Definition 
(2quation No.) 

LTl 
(9.1a) 

LT2 
(9.1b) 

LT3 
(9.1c) 

RINTL 
(9.8b) 

PEQCR 
(9.9a) 

CREPR 
(9.ge) 

RINTC 
(9.9g) 

EXLMIN 
(9.12a) 

SVALT 
(9.15a) 

RINT 
(9.15a) 

EXSUB 
(9.16) 

ALl 
(9.1gb) 

C212 
(9.1 11) 

C239 
(;J.c)c:) 

Value 

Determines the time development 
loans are paid (years) 

Completes the grace period 
(years) 

Determines the time develop­
ment loans are repaid (years) 

Determines the interest rate on 
development loans (proportion 
of debt/year) 

Determines the proportion of 
equity which can be used as a 
credit base (proportion/year) 

Determines the repayment rate on 
short term loans (proportion of 
debt/year) 

Determines the interest rate on 
short term loans (proportion of 
debt/year) 

3 

1 

8 

1 

Determines the farmers aggre- 200,000 
gated minimum living expendi-
tures (thous. Ps/year) 

Determines the salvage value 1 
of traditional grasslands (Ps/ha) 

.14 

. 5 

.1 

Determines the opportunity cost .18 
of capital (porportion/year) 

Determines the export subsidy .15 
(proportion of value of exports) 

Determines the rate of growth .0728 
in the exchange rate (pro-
portion/year) 

Determines increased weight of 1.4 
"modern" animals (dimensionless) 

Determines internal transfer of 
capital from crops to cattle 
pr'n<! U" t ion (p r'opnrt ion) 

.1 
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TABLE 11.8. (continued) 

Definition 
(Equation No.) 

C261 
(9. 12b ) 

c262 
(9.12b) 

C263 
(9 . 12b ) 

C264 
(9.12b) 

c281 
(9.23a) 

c282 
(9.23a) 

EXCHR1968 

POPO 
(9.23a) 

Determines the minimum consump­
tion from gross income (pro­
portion) 

Determines the maximum 
tion from gross income 
portion) 

consump­
(pro-

A sca1e factor (dimension1ess) 

Determines the average dressed 
carcass weight (kgs/animal) 

Determines the rate of growth in 
popu1ation (proportion 
habi tants/year) 

Officia1 exchange rate at the 
beginning of 1968 (Ps/do11ar) 

Initia1 Co1ombian popu1ation 
(thous. habitants) 

Va1ue 

.25 

·75 

. 3 

200 

.032 

15 

15,415·7 

Sources: [3, 5, 17, 41, 42, 45J and initia1 guesstimates 
and mode1 tuning. 
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VALIDATION AND TESTING 

Introduction 

Model testing is an ongoing process which should 

continue even after a model is 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 

sorne degree of confidence before a decision maker can base 

policy decisions on the experimental results of that modelo 

There are primarily 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 its behavior established by experts and from 

other published sources. This test uses the intuitive 

knowledge and expertise of people who have experience in 

Colombia and other developing countries. 

The second approach attempts to compare the behavior 

predicted by the model under various conditions with what 

actually occurs as real time passes under the same condi-

t · Or alternatively, the model can be used to reproduce lons. 
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historieal data from the real world whieh are not used in 

the eonstruetion of the model. Once the model has been 

implemented, it is tuned and updated as an ongoing process 

with such comparisons. 

Finally, sensitivity tests, whieh identify which of 

the model's parameters out comes are most sensitive to their 

value ehanges, can also be condueted 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 approaenes 

commonly used to deal with these problems. These are tuning 

the model to traek 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, sorne informal primary information was 

obtained from a two-week survey of the Costa made in the 

surnmer 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 

l/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 [40J. 

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

mento 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, runningthe model in a 

Monte CarIo mode can generate directly output statistics 

reflecting data uncertainties [1, Chapter 4J. 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 i5 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 Reguirements 

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: 

l. the land modernization and disinvestment pro­
fitability responseoparameters (E9, 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 
5.31); 
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11. tbe many delays and avcro.gi.rl!'; ;J.nd :;moothLnl~ lae;[; 
of tlle model (e.g., XULL :tn JiquaLLonu ').]13, lJ~;Ll'), 
16 and 17 in Equations 5.1); 

5; tlle sales restrict:ton parameters (BMN, BMX, AMX 
and AMN in Equations 6.22); 

6. tlle 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). 

Tllere is little or no information on most of tlle 

bellavioral system parameters and acquisition of tllis type 

of data would entail survey research tllat has never been 

conducted. The values used in tlle early stages of building 

and testing tlle model were educated and intuitive guess-

timates acquired from various secondary sources [e.g., 

29, 42, 53J, from experiences in other developing countries 

(mainly experience acquired by the Miclligan State University 

simulation team for Nigeria) and from sucll primary sources 

as interviews with Colombian officia1s and farmers in the 

Costa. Although values of se1ected system parameters are 

sllown in Tables III.1 and 111.2, we wil1 take a close look 

here at the pasture 1and modernization and reversion transi-

tion response thresho1ds as an examp1e (E9 and E91 in Table 

I1I.l). Tne value of E9 shown (.5) means tllat the alter-

native to traditiona1 grazing must be at 1east 50 percent 

more profitable before farmers wil1 transfer the land to 

modern management. And tbe va1ue of E91 (.3) meane tllat the 

profitability of the modern operation must be at most 30 

percent higher tllan that of the traditional one before 

farmers will reverse the modernization process. Tlle re1ative 
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TABLE 111.1. Prof~tabi:ity Response Parameters for ?raditional and 
Modern Grazing (Ji~ensicnless). 

Alternative Uses 

Variables i 

(Eqn. No. ) Present Modern Traditional 
(definition) i Uses Grazing Grazinr; 

E9 Traditional Grazing .5 --
(5.36) 

(response threshold) 
E91 Modern Grazing 

I 
-- .3 

(5.47) 
(~esponse threshold) 

E8 Traditional Grazing 1.0 --
(5.36) 

I I 
(governs response rate) 

E81 Modern Grazing -- 2.0 
(5. 471 

(governs response rate) 

DIR .15 .15 
(5.31) 

(discount rate) 

Source: Initial guesstimates and model tuning. 
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Definition 
(Equation No.) 

~--~----~----~.-~~-------~ r--------­
I Value 

MKM 
(7.3) 

C213 
(6.24) 

C214 
(6.24) 

C215 
(6.24) 

C216 
(6.24) 

C242 
(6.27a) 

C244 
(6.28b) 

Marketing margin 

Proportion of dead animals 
consumed 

Proportion of fertile cows sold 
for slaughter 

Proportion of growing females 
sold for slaughter 

Proportion of growing males 
sold for slaughter 

Proportion of heifers treated 
against brucellosis 

Annual proportion of animals 
privately treated against 
foot-and-mouth disease 

o 

o 

Source: [29, 31, 63, 64J and initial guesstimates and 
model tuning. 

.15 

. 6 

. 2 

.05 

.3 
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values hypothesize different farmer attitudes (e.g., risk 

aversion and uncertainty as discussed in Chapter 5) toward 

cattle modernization. 

Despite the lack of accuracy in parameters such as 

those highlighted aboye, they play an important role in the 

validation of the modelo Some of them provide a range of 

values which may be tested in tuningthe 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 modelo 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, 66J. 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: 

l. crop yiclds (YLDCL, YLDCU and YLDFC in Equations 
6.2) ; 

2. pasture yields (e.g., CGOU, CGOUl, CGOL and CGOLl 
in Equations 6.3); 



3. costs of prodllctJon (e.g., C,s'1'11(;1I, CS'í'HCL and 
CSTHFC in Equation 6.29b); 

4. average carcass weJght per slaughtered animal 
(C281 in Equation 9.23b); 

5. mean times spent Jn the cattle production stages 
(DGROF, DGROM, DPRODF and DPRODM Jn Eqllation 6.l0a). 

Almost all the technological coefficients remain constant 

throughout a simulation runo Some exceptions are costs of 

production and price of crops that change with domestic 

inflation, and crop yields. Learning curves for yields are 

disCllssed in detail aboye in component AGPRAC, Equation 6.1. 

Values of selected technolgoieal coefficients are presented 

in Tables 111.3 and 111.4. 

Initial Conditions 

Initial conditions (1960) define initial values of 

all levels (and sorne rates) that must be given before the 

first cyele of model eomputations can begin. Since their 

values change during the course of a run they must be reset 

at the start of each runo Some of these include: 

l. 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 Equaticns 6.11 and 6.12); 

3. crop prices and price average s (component Price 
Generation, Chapter 7) 

4. total demand for beef (TDEM in Equation 6.26c). 

Sorne of these varJables present no data problems. 

For instance, assuming all cattle population at time zero 

(1960) is traditional, we determine that modern population 

in each eohort is zero. But the model is quite sensitive 
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to the initial cattle inventories, as we shall discuss later 

(Chapter 11), so more completeand accurate cattle population 

estimates would increase this model's accuracy. Values of 

selected initial conditions are shown in Table 111.5. 

lt must be stressed that the model can be use fuI 

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 modelo 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 against time 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 lt the modelo These checks are 

made before the model is implemented and they suggest which 

a 
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Pastures (Average TDN Yields' (Variable) (Egn. No.) 

Uplands 
Traditional artificial (CGOU) (6.3a) 
Traditional native (CGOUl) (6.3b) 
Modern artificial (CGU1) (6.3c) 
Modern native (CGU2) (6.3d) 

Lowlands 
Traditional artificial (CGOL) (6.3a) 
Traditional native (CGOLl) (6.3b) 
Modern artificial (CGLl) (6.3c) 
Modern native (CGL2) (6.3d) 

Land in Transition 
Transition artificial (CG3) (6.9b) 
Transition native (CG4j (6.9b) 

Crops 
Cash crops in lowland (YLDCL) (6.29a) 
Cash crops in upland (YLDCU) (6.29a) 
Food crops (YLDFC) (6.29a) 

*TDN = Total digestible nutrients 

Sources: [7. 33, 61, 66J and 

3.48 
1.16 
5.0 
1.7 

3.8 
1. 26 
5.1 
1.7 

3·3 
1.16 

1. 56 
1.11 
8.3 

Instituto Colombiano Agropecuario (ICA), Dia de 
Campo-Pastos y Forrajes--Ganado de Carne. 
(Monteria, September 12, 1970), 28-58. 

____ o "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 111.4. Mean Length of Catt1e Production Stages (years). 

Production Cohorts* (Variable) (Egns. No.) 

Growing fema1es (DGROF) (6.10a) 
Growing males (DGROM) (6.10a) 
Producing fema1es (DPRODF) (6.10a) 
Producing males (DPRODM) (6.10a) 

*Traditiona1 and modern 

Sources: [5, 29, 61, 66J 

TABLE 111.5. Selected Initial Conditions (1960). 

2.5 
2.5 

10.0 
3.0 

Cattle Population (thousand head) (Variable) (Eqn. No.) 

Growing males (PMGT) (6.11) 
Growing females (PFGT) (6.11) 
Producing males (PMPT) (6.11) 
Producing females (PFPT) (6.11) 
01d cows (OLDFT) (6.12) 

Land Use (thousand hectares) (Variabl~ (Egn. No.) 

Cash crops in lowlands (TLCRL) (5.11) 
Cash crops in uplands (TLCRU) (5.24) 
Food crops (TLFCO) (5.4) 
Export banana (TLBAN) (5.13) 
Grazing 1and in region 1 (TGLSFl) (5.1d) 
Grazing land in region 2 (TGLL) (5.16) 
Grazing land in subregion 1 (TGLUl) (5.26) 
Grazing land in subregion 2 (TGLU2) (5.18) 

1,174 
1,183 

943 
2,424 

427 

140.5 
281. O 
101. 73 

20.0 
2,510.36 

319.8 
1,471.7 
1,252.3 

Sources: [Table 1.2, 8, 15, 16, 29J and initia1 guesstimates 
and model tuning. 
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must be added to the model to improve its behavior in com­

parison to "reality." 

Despite the deficiency of Colombian statistics on 

agricultural production, four time series (1961-1970) were 

used initially in tuning the Costa model: Colombian supply 

of beef, market price of finished males, land in crops, and 

cattle population in the Costa. Since the modernization 

campaign promotion started in 1965, the tuning process in­

cluded many of the parameters and structural relationships 

used in the modernization decisions, and the simulated 

series reflect the effects of the first five years of campaign 

implementation. The combination of traditional management 

before 1966 and modern management with improvement of arti­

ficial grasses and substitution of artificial for native 

grasses (alternative 2) from that year on was used as a 

standard run for tuning the modelo Alternative 2 was 

selected because it patterns more closely the modernization 

program currently carried out in the Costa. Plots of the 

aboye simulated series along with the actual ones are de­

picted in Figures 111.1 and 111.2. Table 111.6 displays the 

four time series resulting after the initial coarse tuning. 

Data values generating this fit were used in the policy 

runs discussed in Chapter 12. 

A~though mathematical measures of the goodness-of­

fit could have been used as a criterion to measure past 

behavior characteristics [1, 21, 53J, at this stage in the 
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TABLE III. 6. Time Series Tracking. 

Colombian Beef Supply Cattle Population in the 
(thous. animals/yr.) Costa (thous. animals) 

Year DATA SIMULATED DATA SIMULATED 

1961 1,965 l, 97 O 6,200 6,235 
1962 2,145 2,123 6,400 6,356 
1963 2,305 2,292 6,560 6,492 
1964 2,418 2,350 6,680 6,656 

1965 2,469 2,324 6,800 6,856 
1966 2,228 2,156 6, no 7,054 
1967 2,205 2,006 7,160 7,181 
::'968 2,360 2,235 7,480 7,284 

1969 2,624 2,485 7,800 7,403 
1970 2,820 2,710 8,080 7,555 
---

n.a. ~ not available 

Sources: As indicated on pp. 238-39. 

Land in Grops in the 
Costa (thous. has.) 
DATA SIMULA'I'ED 

533.3 555.1 
548.2 565.9 
552.5 576.7 
n.a. 587.7 

619.4 599.0 
614.7 610.4 
616.7 620.6 

589.7 622.7 
589.6 633.4 
n.a. 642.4 

Price of Finished Males 
(Pesos/animal) 

DATA SIMULATED 

1,058 1,150 
1,054 1,236 
1,117 1,272 

1,346 1,322 
1,629 1,459 
2,089 1,718 
2,345 2,097 
2,606 2,425 
2,599 2,523 
2,729 2,567 

--- -

'" W 
-J 
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general qualitative nature 01' particular interrelationships 

in the various model components that, in concert, produce 

the behavior that interests us in the actual system. Never-

the1ess, a c10se look at Figures 111.1 and 111.2 reveal 

a c10seness 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 

p10tted in Figure 111.2 are the nationa1 average of current 

prices as reported by Garcia Samper [23J. But between 1968 

and 1970, prices are a weighed average of finished males at 

the Mede11in stockyard as reported by the Central Bank. l / 

Since Medellin prices for live anima1s are usual1y higher 

than in other markets, the average prices of finished males 

computed in Tab1e 111.6 for the period 1968-1970 are 1ikely 

overestimated in re1ation to nationwide averages. This 

means that if nationa1 average s were used instead of Mede11in 

average s for the last three-year period of observations, the 

match of the recorded and simulated price series in Figure 

III.2 would have been even closer. Estimates of cattle 

population and beef supp1y were obtained from DANE~/ and 

l/Banco de la Repub1ica, "Resumen de las Principales 
Ferias de Ganado en el Pais," Revista del Banco de la 
Repub1ica, 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. l / Cattle popula-

tion in the Costa was assumed to remain at a constant 40 

percent of Colombian cattle population. 

Consistency Cheeks 

Consisteney eheeks are useful in evaluating the 

basie equations used to simúlate 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 

alternative 2 was used to make comparisons with sorne' of the 

productivity relationships given by the C1AT survey [9J. 

These relationships inelude average grazing rate, average 

daily per hectare milk production and average cows per 

hectare. As Table 111.7 shows, the results of these checks 

indicate that, on the basis of data from actual records, 

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 

TGLR 

= total cattle population in the 
Costa (animals) 

= total grazing land in the Costa 
(hectares) 

l/caja de Credito Agrario, "Calculos de Produccion 
Agricola de 1958 a 1963," Carta Agraria, Anexo al No. 144 
(Sept. 1964), Bogota, 1-IV. 

Idem, "Estimativos Sobre Areas Cultivadas y 
Produccion Obtenida Para Los Principales Cultivos, 1965-
1969," Carta Agraria, No. 244 (Nov. 1970), 5-14. 
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TABLE 111.7. Results of Consistency Checks. 

Productivity Model CIAT 
Index (I970) (I971) 

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 lactating cows which are 
milked, respectively. 

The following equations define sorne of the pro-

dictivity indices tested: 

Cattle head/ha. = TOPOPR(t) 
TGLR(t) 

Cows/ha. = PFCT(t) + PFCM(t) 
TGLR(t) 

. / - [ PFCT(t) (QMC"(t· QMi'M» Lts. illllk ha.-day - PFCT(t) + PFCM(t)* 1) - 1 ~ (t + 

] 
(FERT(t)*PFLACT(t)*CT202 + FERM(t)*PFLACM(t)*CM202) 

QMCM(t) * 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 modelo 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 

t)¡e modol, UlC' four al terna ti ves were tested and compared 

und"r' tll(' "alll" Illl,lt.'T'l,y \ 111': 1':,~fI('l'al a,";umpt lun:; clcser'Ulcd lu 
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Chapter 12 for the base runo 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 

sorne 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 

I and in evaluating model output. The objectivity of concepts 

or empirical theories requires that they be: 

l. 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 modernizat1on takes place 

(TMPL = O) when alternative l is considered as a means of 

improving cattle production. This result indicates that, 
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given the model assumptlons, thc expectcd 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 (ES) 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 l. 

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 sorne 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 

modelo 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 methodologlcal 

and philosophic issues involved in the process of validat-

lng and verifylnl~ complcx modelD are found in Rossmiller, 

~t al. [(,;"J, .JulllHlOtl :llld Zccr'l>.v Lil';"], Jlr'ornrn [22] and Sllupiro [65J. 





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 [1, 

Chanter 9J. An analysis of the results of a series of sensi­

tivity runs of the Costa model is presented in the following 

section. 
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Analysis of Results 

M()thud()lolr,y 

The series of 17 sensitivity runs eondueted with 

the Costa model investigate the effects of varying 45 

seleeted coefficients. These 45 parameters are broken down 

into: (a) 12 produetion eoefficients; (b) 12 land alloea­

tion eoeffieients; (e) 11 priee and eost eoefficients; and 

(d) 10 time lag or smoothing parameters. The produetion 

eoeffieients inelude proportion of eows milked, initial 

proportion of land in artificial pasture, initial cattle 

population, rate of transfer of animal s from traditional to 

modern management, illegal eattle exports, and erop yields. 

Land alloeation coefficients include initial land in the 

three agricultural regions, profitability response parame­

ters of traditional cattle, internal transfer of capital 

from erop to eattle production, and consumption expendi­

tures. Price and eost coeffieients include price of crops 

and milk, cattle marketing margin, rate of inflation of farm 

inputs, and operating costs of crops and eattle. And finally, 

time lag or smoothing parameters inelude average lengths of 

time for averaging output, price and cost of crops, and 

cattle. Sorne of these parameters were tested individually 

while others were tested in combination in the same run; 

ea eh 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 the 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 1 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 parto 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 system. Where possible, sl.milar parameters 

were varied by similar amounts. For example, the cattle 

population cohorts were ea eh decreased 25 percent, the lag 

parameters were ea eh 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 

(FARM1CA) 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 cap ita consumption (PERCAP). 

The discussion of results has been limited to the 

major explanations of the more appreciable output devia-

tions. The test of sorne 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 modelo Results of Run 3 

are the same as those of traditional management under "worst" 

nutrition conditions. l / This means that farmers are not 

motivated to adopt the new production methods. The higher 

l/"worst" and "best" 
in this analysis are related 
land in artificial pastures. 

nutrition conditions as used 
to the initial proportion of 
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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. 

Inereasing the proportion of cows milked (Run 2) inereases 

cattle income but decreases the relative profitability dif­

ferential of improved over traditional cattle production. 

Although this slows the adoption of improved management 

practices, the impact on the output variables i3 not sig­

nificant. While eontrolling 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 effeet on the performance of the model 

(Run 5). In general, given the moderately inelastic priee 

elasticity of demand for beef (-0.7), changes in domestic 

supply have an impaet on prices which, in turn, significantly 

af'ft'ct thc overall performance of the modelo 'rhis effect 

will be diGcuGsed in more detall in the next chapter as part 

o r j, Íll' pul i r;y "xpC'I' irnf'nts. 
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Runs 6-11 test the sensitivity of a number of land 

allocation coefficientc:. Of the land allocation coeffj e i entll 

the profitability response parameters are tho most sensitivo 

(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" m,tri­

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 11.1 in Chapter 5 will explain why increases 

in E9 have greater consequences on model output than de­

creases in ES. 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 

rateo This is a fortunate circumstanee sinee it is easier 

to determine the threshold than the response rateo 

The parameters tested in the last three runs of thic 

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 (C26l in Equation 9.l2b) 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-

fuI consideration and refinement because of its welfare 

effects and its importance in making decisions at the farm 

level. 

l/Since the exponential curve of Equation 9.l2b is 
nega~ively 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 tha uplands and average 

prices and yields have to be adjusted accordingly. Although 

income from crops is increased, this effect i5 of little con-

sequence in the model. 

The time lag constants tested in Run 16 appear to 

be quite sensitive. Taese 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 fJakC6 

farmers respond more quickly to changing economic conditions 

and their decisions are then reflected in the modal's out-

puto 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 los ses 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. 

,. 
c 
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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 chapter 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 erop and eatt1e production in the uplands (sub­

region 1). Through the land allocation mechanism of Equation 

5.21 these ehanges have consequences on the total land in 

crops and eonsequently on their aggregated ineome. The 

policy implications of this effect will be diseussed in the 

next chapter. 

Catt1e population in the region (TOPOPR) is, as ex-

peeted, greatly influenced by the nutritional base. Nutri-

tional conditions are affected, among other things, by the 

initial a11ocation of artificial pasture to grass1ands and 

by the rate at which land modernization takes place, if 

any. The sensitivity tests suggest that the estimate of 

20 percent of grass1ands in artificial pastures provided by 

DANE in 19681/ is biased downward, and that the FA05./ estimate 

~/DANE, Encuesta Agropecuaria Nacional 1968, (Bogota, 
April 1970), p. 6. 

5./United Nations, Food and Agrieu1ture Organization, 
Livestock in Latin America: Status, Problema and Prospects­
Colombia, 1962, p. 14. 
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is more consistent with cattle censuses. A comparison of 

DANE e"timates 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 

of"f-take and market prices which, through interactive effects 

in the model, determine farm income from cattle (FARILAJ, 

government revenues (GOVREVA), value oí" land (VLAND), 

value of capital in cattle (VALCAP), and Colombian beef 

consumption per capita (PERCAP). Feedback effects of price 

changes caused by variations in supply and demand, and/or 

by changes in marketing margins determine farmers' decisions 

on farm management and investments Which, in turn, affect 

cattle numbers. 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 aleo 
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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. 
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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 sorne 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 tilO diusertation with a Bummary of resultu and a 

discussion of needed improvements and extensions of the 

current modelo 
261 



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

cess, in general, as well as the particular socioeconomic 

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 

policies is an important input to the policy-making 

process represented by the system simulation modelo 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 aeceptable 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 

262 
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policy makers and researchers, goals may be set to more 

attai.nallle levels or redeflned toward the :JaU n ['actl Oll 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 of a series of 

deterministic policy runs. 

Policy Experimentation 

The policies selected for this analysis are either 

currently 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)/ 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 tested include: disease control, taxes on land 

and cattle, credit for 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. 

l/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, sorne of the pollcies tested have national 

implications since their implementation would not be 

restrlcted 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 

model's historical validation, includes the execution of 

both a cattle development plan as we11 as a disease control 

programo Second, we wanted to try a retrospective pre­

diction of the likely consequences of starting the deve1op­

ment plan in 1966 under a set of pOlicies different from 

those prevai1ing at the time. Prospective predictions 

(forecasting) are considered after 1973 and projections 

are carried as far as 1985 to give the long-run diffusion 

response to the production campaign time to exert its 

major impacto 
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TABLE IV.l. Policy Simulation Runs. 

Run Run 
No. Sets Run Definition 

1 all 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 Inereased 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 eredits 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 froro 
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 
wor1d price, plus roodernization of rest of national 
herd froro year 1975. 

13 5 Modernization of eash and food erops froro 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 10w world price after year 1974. 

18 7 Run 11 with moderate wor1d price after year 1974. 
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TABLE IV.l. (continued) 

Run Run 
No. Sets Run Definition 

19 7 Run 17 with export subsidy cutoff at year 1975. 

20 7 Run 17 w1th fixed exchange rate at Ps 25. 

21 7 Run 17 w1th export subsidy cut off at year 1975 
plus modernization of rest of national herd from 
year 1975. 
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With simulation, it is possible to increase the 

complexity of the combination of policies tcsted and at 

the same time keep the output format flexible enough to 

permit analysis of aggregated ma~roeconomic 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 

macr~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. 

" 



268 

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 modelo 

The following sections analyze and graphically depict 

the resultsof 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 runs, 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;' 

explores the effect of maintaining 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.l 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 programo 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 

l. 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 

Run 3 

9 Run 1 

un 2 

8 

Runs 1,2,3 
7 

6 

1965 1970 1975 1980 1985 

Figure IV.1. Catt1e popu1ation in the Costa with 
and without a disease control program, 
1965-1985. 
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Hun Definitlons 

l. 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. 

Huns 1,3 

Run 2 

Huns 1,2,3 

1965 1970 1975 1980 1985 

Figure IV.2. Extraction ratio from the Costa cattle 
herd with and without a disease control 
program, 1965-19B5. 
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In addition, the control of foot-and-mouth disease in the 

whole herd will have the double advantage of increasing 

cattle numbers and output, and easing sanitary barriers 

against Colombian beef exports in world markets. 

Yet increasing government expenditures on foot­

and-mouth control by 25 percent have a negligible impact 

on cattle population and sales as shown by Runs 1 and 3. 

Run 3 (with increased expenditures) shows a faster in­

crease in population ear1y in the campaign, but after 

1975 this run assumes the same trend as Run 1 although 

popu1ation levels are slightly higher. 

Increased government expenditures have the initia1 

effect of accelerating the annual rate at which animal s 

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 

second set of runs, Runs 4 and 5. Since the cattle sector 

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 COD-

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 milIs. 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 the 

property tax, both as a measure to increase government 

!/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 [30J. 

In 1968, when the Musgrave Mission [llJ 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 milIs (1 percent of the assessed value of 

land) was proposed for the purpose of financing public educa­

tion.l/ 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 

values 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 milIs 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 caution due to probable estimation inaccuracies, a com­

parison of annual government revenues attained with Runs 1, 

4 and 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 conclude 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 modelo 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 moderno 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 lnvestment 

in farm improvements, (and posslbly a higher rate of moderni­

zation) the actual rate is smaller. Thls 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 situatlon 

described aboye, causing the perceived relative profitabllity 

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 lncreased land 

taxes in order to encourage an improved land utillzation, no 

definlte conclusions can be drawn at this point. 
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Aggregate farm income from cattle~ sharply increases 

in all casesfrom 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 w1th 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 modelo 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 incoroe froro 

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-

ment 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 

~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 

froro the crop sub-sector, cutting off the availability 01' 

capital for investment. In this case, cornmercial 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 1980-1985. This 

behavior may suggest that, after 1985 when modernization stops, 

the downtrend 01' 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 01' land 

follows very closely the pattern 01' farro income (Figure IV.6). 

Although the value 01' 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 01' the former in the total grazing land is so small 

during the simulation that changes in the composition 01' acreage 

in grazing have less effect on the capitalized land value of 
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Run Deflnltions 

l. Disease control, modernization of cattle produc­
tion, eurrent land and cattle taxes and eontinua­
tion of present trends and polieies (base run). 

4. Taxes on eattle eut off at years 1970 and 1972. 
5· Property tax inereased to 14.2 milIs at year 1970. 

1970 

Figure IV.3. 

Run 5 

Run 1 

Run 4 

uns 1,4,5 

1975 1980 1985 

Cattle population in the Costa under 
various taxing polieies, 1965-1985. 
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Hun lJeflnitlorlll 

l. Disease control, modernization of cattle pro­
duction, current land and catt1e taxes and con­
tinuatlon of present trends and p01icies (base 
run) . 

4. Taxes on catt1e cut off at years 1970 and 1972. 
5. Property tax increased to 14.2 milIs at year 

1970. 

uns 1,4,5 Run 5 

Run 4 

1970 1975 1980 1985 

Figure IV.4. Beef consumption per capita of the 
Colombian population under various 
taxing po1icies, 1965-1985. 
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Run Definitions 

l. 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. 

Run 1 

Run 5 Run 4 

Runs 1,4,5 

1965 1970 1975 1980 

Fl¡~ure IV. 5. Aggregated farm income from cattl~ 
pr¿ductton in tlle Costa under varlOUS 
taxing polieies, 1965-1985. 
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Run Definitions 

l. Disease control modernization of cattl.c 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 milIs at year 1970. 

~--=~.,--=="",,---- R u n 1 

Run 5 un 4 

~uns 1,4,5 

1965 1970 1975 1980 

Figure IV.6. Average per hectare capitalized va1ue 
of grazing land in the Costa under 
various taxing policies, 1965-1985. 
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Run Definitions 

1. Disease control, modernization of catt1e produc­
tion, current 1and and catt1e taxes and continua­
tion of present trends and po1icies (base run). 

4. Taxes on catt1e cut off at years 1970 and 1972. 
5. Property tax increased to 14.2 mi11s at year 

1970. 

un 5 

un 1 

Run 4 

1965 1975 1980 

Figure IV.7. Annua1 government revenues from catt1e 
production in the Costa under various 
taxing po1icies, 1965-1985. 
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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 costo The total budget for the 

credit program is assumed to be Ps 750 million spread over 
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aten~ear 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 11.8).11 Run 6 compares the 

effect of reducing the interest rate to 10 percent during 

the life of the programo 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 Fs 1,125 

million over the same ten-year periodo 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 periodo 

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 1dentical with those 

for the base run, and that results from Runs 7 and 9 Qmproved 

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). 

1I0ne unit is equivalent to one man-year with annual 
cost of Fs 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 onthe output of the modelo 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 ls not affected. It i8 the 

same in both runs. Runs 1 and e generate the same rate of 

land modernization which means that, glven the present 

model's structure, more available credit does not affect 

farmers' decisions. Thi8 i8 to say that more available 

credit does not change farmers' perception of relative profita­

billty 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 aboye, 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 promotlon effort builds and its 
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effect outweighs that of the relatlve profitabl1itles 

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 ls modernized in Run 7 than in Run 9. 

As discussed in the previous section, the projected 

time paths of the flve 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 aboye (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 periodo 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.IO). The increasing and decreasing trends in this 

variable have been discussed. The capitalized value of land 

is a reflection of farm income although, in the final period 

of the run, larger values of traditional land increase average 

assessed land value in Run 7. This ls the effect of the 

capltalized higher price of cattle in Run 7 resulting from 

lower supplies as shown in Figure IV.9. Finally, government 



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 to 1971, 

and then is the highest until approximately 1983 when it is 

below Runs 7 and 9 but aboye the base run (Figure IV.IO). 

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 6 aboye the 

other runs. The initial effect of this enhanced rate of 

modernizatlon ls to decrease farm lncome relatlve to the 

other runs as more resources are committed to farm improve­

ments and more cattle are retained in order to build up the 

herd. Although total cattle off-take ls reduced, the supply 

of beef is increased as a larger proportlon of heavier 

animals from the modern herd are slaughtered. Yet this 

enlarged beef supply, in turn, lowers the price of cattle 

and reinforces the decllne in income. At this juncture, it 

should be remembered that all cattle prices in the model are 

related to the market price of finished 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 al1 runs between 1972 and 

1974 (see Table 1.1, p.19) butthereafter three different 
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I1Ull DefInJ tlon;) 

l. Diaease control, modernization of cattle production, 
current credít 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 
froIn year 1966. 

8. Increased funding for deve10pment credit from 1966 
to 1976. 

9. Increased units of modernization 
promotion from 1965 to 1974. un 6 

1965 1970 In5 1980 1985 

Figure IV.S. Cattle population in the Costa under 
various promotion and credit policíes, 
1965-1985. 
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Run Definitions 

l. 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 
froro year 1966. 

7. Increased terms of repayment on development 
credits from year 1966. 

8. Increased funding for deve1oproent credit froro 
1966 to 1976. 

9. Increased units of roodernization promotion from 
1965 to 1973. 

Runs 1,6,7,8,9 
Run 6 Run 9 

Run 7 

1,8 

1965 1970 1975 1980 1985 

Figure IV.9. Beef consumption per capita of the 
Colorobian population under various pro­
rootion and credit polícies, 1965-1985 . 
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Run Definitions 

l. 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 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. 

Run 6 
Run 9 

\ 
Run 7 

Runs 1,8 

Runs 1,8 

6 

Run 9 
All runs 

1965 1970 1975 1980 

Figure IV.I0. Aggregated farm income from catt1e 
production in the Costa under various 
promotion and credit policies, 1965-
1985. 
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Run Deí'initions 

l. Disease control, modernization oí' catt1e pro­
duction, current credit terms and continuation 
oí' present trends and po1icies (base run). 

6. Reduced interest rate on development credits 
from year 1966. 

7. Increased terms of repayment on deve10pment 
credits from year 1966. 

8. Increased funding í'or deve10pment credit from 
1966 to 1976. 

9. Increased units of modernization promotion from 
1965 to 1973. 
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Figure IV.Il. Average per hectare capitaIized value 
oí' ¡~l';iY,j np; Jand in tlle COl'.ta undel' 
V:lp]()UC; pr'úITloLlun and "l'('dlL polle¡"Ll, 
1<)6,-,-1985. 
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Run Definitions 

lo 

6. 

7. 

8. 

9. 

Disease control, modernization of cattle pro­
duction, current credit terms and continuation 
of present trends and policies (base run). 
Reduced interest rate on development credits 
from year 1966. 
Increased terms of repayment on development 
credits from year 1966. 
Increased funding for development credit from 
1966 to 1976. 
Increased units of modernization promotion from 
1965 to 1973. 

Run 6 

Run 9 

un 7 

Runs 1,8 

Al1 runs 

197C 19'15 1980 1985 

Figure IV.12. Annual government revenues from cattle 
producticn in the Costa under various 
promotion and credit policies, 1965-
1985. 
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targets are tested in the modelo The base r~n 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) [35J. Run 12 compares the effect of 

attaining a high export target at the same t.ime that the 

cattle herd in the other four producing regions is growing 

at 5 percent annual1y. 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.ll I11egal exports are kept constant 

in all runs at 300 thousand head annual1y. 

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 

deve10pment 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. 

l/El Espectador, (Bogota), July 8, 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 catt1e projections for this run reveal unrea1istic 

internal inconsistencies. In one account, the same condi­

tions that discourage catt1e production in the Costa might 

exist in the other producing regions, resu1ting 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 unrealistica11y 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 annua11y 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 catt1e 

than the other runs. The substantia1 increase in beef supply 

after 1975 causes a sharp decline in catt1e 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 1ater turns it into a 10ss. At this 

point 1and and catt1e are transferred back to traditiona1 

practices, and the nutritiona1 imba1ance caused by these 

shifts fosters sales that further depress prices. We must 

reca11 that the modernization mechanism in the mode1 wi11 

return 1and to traditional management when the perceived 

re1ative profitabi1ity (net present va1ues) 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 aboye. 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 finally in lower cattle inventories. 

Despite larger incomes from higher cattle prices in 

Runs la and 11 than in Run l. 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 la and 11 also 

have an effect on land use, reducing the area in crops in 
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the region. This estimated effect, through the land 

allocative mechanism in the model, and its possible lnac­

curacles wl11 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.!I 

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 mastly by lawer 

assessed land values. 

Policies Related to Crop Modernization 

Run 13 attempts to highlight the interactive effects 

of increasing the praduction of cash and foad 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 

!lIn turn, this need indicates a disciplinary need 
far economists to develop a user cast theory as a basis for 
improved modeling of investment and disinvestment. 
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Run Definitions 

l. Disease control, modernization of cattle pro-

10. 

1l. 
12. 

1965 

duction, low export target and eontinuation of 
present trends and polieies (base run). 
Cattle exports set at intermediate target from 
year 197~. 
Cattle exports set at 
Cattle exports set at 
plus modernization of 
year 1975. 

All runs 

high 
high 
rest 

uns 1,10,11,12 

target from 
target from 
of nationa1 

year 1974. 
year 1974 
herd from 

/"~- Run 12 

/ Runs 1,10,11 

Non-Costa Population 

Runs 1,10,11 

Run 12 

Costa Population 

1970 1975 1980 1985 

Figure IV.13. Cattle population in the Costa and the 
rest of Colombia under various domestic 
supply polieies, 1965-1985. 
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Run Deí'initions 

1, Disease control, modernization oí' cattle pro-

í 

10. 

lI. 
12. 

1965 

duction, low export target and continuation of 
present trends and policies (base run). 
Cattle exports set at intermediate target from 
year 1974. 
Cattle exports set at 
Cattle exports set at 
plus modernization of 
year 1975. 

All runs 

1970 1975 

high 
high 
rest 

1980 

targetí'rom 
target from 
of national 

year 
year 
herd 

1974. 
1974 
from 

4---Run 12 

Run 1 

Run 10 

Run II 

1985 

l·' \ tWl'l' 1 V. 1 11. l\c'l'l' ellm; Ulllp Llclll p"r' c;.tplt;.t 0(' the 
Colombian population under various 
domestic supply policies, 1965-1985. 
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Run Definitions 

l. Disease control, modernization of eattle pro-

10. 

ll. 
12. 

duction, low export target and ecntinuation of 
present trends and po1ieies (base run). 
Cattle exports set at intermediate target from 
year 1974. 
Catt1e exports set at 
Catt1e exports set at 
plus modernization of 
year 1975. 

high 
high 
rest 

target from 
target from 
of nationa1 

year 1974. 
year 1974 
herd from 

RUCl 11 

Run 10 

Run 1 

\4--- Run 12 

Runs 1,10,11,12 

1965 1970 1975 1980 1985 

Figure IV.15. Aggregated farm income from cattle 
produetion in the Costa under various 
domestie supp1y po1ieies, 1965-1985. 
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Run Definitions 

l. Disease control, modernization of cattle pro-

10. 

11. 
12. 

duction, low export target and continuation of 
present trends and po1icies (base run). 
Cattle exports set at intermediate target from 
year 1974. 
Cattle exports set at 
Cattle exports set at 
plus modernization of 
year 1975. 

Runs 1,10,11,12 

1970 1975 

high 
high 
rest 

target from 
tilZEet from 
or national 

year 
year 
herd 

Run 11 

Run 10 

~--Run 12 

1980 1985 

1974. 
1974 
from 

Figure IV.16. Average per hectare capitalized value 
of grazing land in the Costa under 
various domestic supply policies, 
1965-1985. 
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Run Definitions 

l. Disease control, modernization of catt1e pro­
duction, low export target and continuation of 
present trends and po1icies (base run). 

ID. Catt1e exports set at intermediate target from 
year 197 4. 

11. Catt1e exports set at high target from year 
1974. 

12. Catt1e exports set at high target from year 
1974 plus modernization of rest of nationa1 
herd from year 1975. 

Run 11 

Run 

Run 1 

Run 12 

~ 
Runs 1,10,11,12 

10 

1965 1970 1975 1980 

Figure IV.17. Annual government revenues from catt1e 
production in the Costa under various 
domestic supp1y po1ieies, 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). Whencash crops are modernized, their 

profitability increases relative to that of cattle and 

more land is transferred 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 1088 of grazing 

area. Yet it i8 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 runo 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 percentl/ internal transfer of 

net revenues from crops to cattle; 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 fas ter 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 inthe 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 

l/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 erops relative to eattle beeomes greater. In the uplands 

(subregion 1), however, we have reasoned that farmers' deei­

sions to expand (or eontraet) their eash erop aereages are 

based on their pereeived differenees in net present value of 

future ineome streams from land in different uses, and on a 

response rate parameter. In the land alloeative meehanism, 

we see that the effeets of revenue differenees between the 

allowed land uses are reduced by the response rate parameter 

whieh is assumed constant in the projeeted time paths for 

the two runs. This also seems to be an unrealistic assump­

tion sinee it is likely that farmers will aeeelerate the rate 

of 1and transfer from pasture to erops as their perceived 

relative profitability becomes larger. As a result, the 

impact of relatively greater returns from erops on land 

alloeation 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 

eattle approximate or outweigh those from erops. 

Although eattle population is slightly higher in 

Run 13 than in Run 1, the resulting per capita eonsumption 

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 meehanism of the mOdel, the 

short-term response in off-take is dominated by nutritional 

eonditions. Yet it is likely that the off-take in Run 13 

will increase in the long run when modernization is eompleted 
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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 d1scussed in previous 

sections. But after 1980, the two runs diverge widely and, 

while Run 1 reverses 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 rever sed 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 ls 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 les s 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 

l. 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. 

" Runs 1,13 

1965 1970 1975 1980 

Figure IV.IB. Cattle population in the Costa with 
and without a crop modernization 
program, 1965-1985. 
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Run Definitions 

l. 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. 

Run 1 

Runs 1,13 

1970 1975 1980 1985 

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 

l. 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. 

Run 1 

Runs 1,13 un 13 

1965 1970 1975 1980 1985 

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 

l. Disease control, modernization of cattle pro­
duction, no modernization of crops and con­
tinuation of present trends and po1icies (base 
run) . 

13. Modernization of cash and food erops from 1972-
1976. 

Run 1 

I 
Hun 13 

Runs 1,13 

1965 1970 1975 1980 1985 

Figure IV.21. Average per hectare capita1ized va1ue 
of grazing land in the Costa with and 
without a erop modernization program, 
1965-1985. 
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'(un Definitions 

lo Disease control, modernization of cattle pro­
duction, no modernization of crops and con­
tinuation of present trends and policies (base 
run) o 

130 Modernization of cash and food crops from 1972-
19760 

Run 1 

L 
Run 13 

1965 1970 1975 1980 

Figure IV0220 Annual government revenues from cattle 
production in the Costa with and without 
a crop modernization program, 1965-19850 
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Effect of Various Policy Combinations 

The set of runs which investigates the consequences 

of various combinations of policies and programs includes Runs 

1, 14, 15 and 16 as defined in Table IV.l. 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 catt1e 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 catt1e herd in the rest of the country, produce 

varying resu1ts 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 va1ue and 

governrnent revenues. 

By 1985, total (national) cattle population is 42 

mi11ion head in Run 16, about 50 and 40 percent higher than 

in the base run and Run 14, respectively. The cattle popu1a­

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 modelo 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 average s 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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completes its development and enters full modern production 

a few years after modernization of new traditional land has 

been stopped; as a result, the are a in modern land increases 

beyond 1975 and with it the more productive rnodern herd. 

However, it is to be expected that in the long run this 

process would reverse as discussed earlier in the section 

on dornestic supply policies in connection with Run 12. It 

is highly unlikely that farmers would wait ten years before 

changing their expectations from profit to loss and start 

reorganizing production. This weakness of the model should 

be considered more carefully and corrected. 

Run 14, which combines the incentives provided to 

modernization only, shows a steady uptrend in cattle popula­

tion as a result of a higher and sustained rate of land 

modernization (Figure IV.23). Run 15, which combines the 

credit funding and promotion policies of Runs 8 and 9, 

results in virtually the same cattle population of Run 9 alone 

(about 9.8 million head in 1985) indicating that adding in­

creased availability of development credit to the promotion 

effort does not affect the output of the modelo This result 

was explained in the section on promotion and development 

credit policies. 

Consumption per capita is the highest when the 

cattle herd in the rest of Colombia is developed, even after 

sustaining a high level of exports. When the cattle develop­

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 incorne 

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. 

Initial1y, 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 fol1owed. 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 programo 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 runo 

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 that 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 1 and 15, the 

capitalized value of land is higher because of the larger 

value of traditional land which has 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 policies implemented in Run 14 substantially increase 

revenues from the property tazo 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 sorne 

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 

l. 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 Run 14 and Run 15 plus modernization 

of rest of national herd from year 1975 and 
high export target. 

Run 14 

Run 16 

Run 15 

Run 1 

A11 runs 

1965 1970 1975 1980 1985 

Figure JV. 23. Cattle population in the Costa under 
various po1icy conditions, 1965-1985. 
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Run Definitions 

l. Disease control, modernizatlon 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 Run 14 and Run 15 plus modernization of 

rest of national herd froro year 1975 and high 
export target. 

Run 16 

Run 14 

All runs 

Run 15 

Run 1 

1965 1970 1975 1980 1985 

Figure IV.24. Beef consuroption per capita of the 
Colombian population under various 
policy conditions, 1965-1985. 
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Run Definitions 

l. 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 Run 14 and Run 15 plus modernization 

of rest of national herd from year 1975 and 
high export target. 

Run 15 

Run 1 

Run 14 

Run 14 Run 16 

Al1 runs 

1970 197 ') 1980 1985 

Figure lV.25. Aggregated farm income from cattle 
production in the Costa under various 
policy conditions, 1965-1985. 
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Run Definitions 

lo Disease control modernization of cattle pro­
duction and continuation of present trends and 
policies (tJa"e rlln) o 

140 Combines Run 4, Rlln 6 and Run 70 
150 Combines Run 8 and Run 90 
160 Combines Rlln 14 and Run 15 plus modernization 

Run 

of rest of national herd from year 1975 and high 
export targeto 

Run 14 

Run 15 

Run 1 

1 
Run 16 

15 

Al1 runs 

1965 1970 1975 1980 1985 

Figure IV0260 Average per hectare capitalized value 
of grazing land in the Costa under 
various policy conditions, 1965-19850 
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Run Definitions 

l. 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 Run 14 and Run 15 plus modernization of 

240 rest of national herd from year 1975 and high 
export target. 

200 

Run 15 

160 

Run 1 

120 Run 1 

Run 14 

80 

Run 16 Run 14 

40 / 
runs 

1965 1970 1975 1980 1985 

Figure IV.27. Annual government revenues from catt1e 
production in the Costa under various 
po1icy conditions, 1965-1985. 



here at the tax credlt certlflcate (CAT) Jl~cuDBeJ in 

Chapter 2, and a fluctuatlng exchange rateo The present 

15 percent rate of return accruing to exporters through the 

CAT scheme ls subject to annual adjustments depending on 

the competitive position of Colombian exports in foreign 

markets. 

Althougb sales of live cattle have dominated Colombian 

exports, it is assumed that after 1974 only dressed anima1s 

will be exported in the form of frozen carcasses. Therefore, 

tbe three leve1s of wor1d price considered here are for 

frozen beef. The high price assumes that after 1974 the 

wor1d price wi11 continue the trend for the period 1970-

1972, one of rapid rising prices (during this two-year period, 

the prlce of Co1ombian frozen beef increased 38.4 percent 

on a yearly basis). The 10w price assurnes that after 1974 

the rising trend in wor1d price wi11 be approximate1y one­

eleventh of the 1970-1972 periodo And fina1ly, the moderate 

price assurnes a rising trend in the wor1d price of about 

three-eights of the 1970-1972 period. In a11 cases the per 

ton price of carcass beef has been converted to a 1ive 

animal equivalent by a factor of 4.3. Runs 17 and 18 in­

vestigate the effect of low and moderate world prices, 

respectively. In the remaining runs, Runs 12, 19, 20 and 

21, po1icies related to exchange rate, export subsidy and 

promotion of catt1e production in the rest of the country 

are examined under conditions of low world price. Run 19 

investigates tbe effect of cutting off tbe export subsidy 
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after 1975 while maintaining a flexible exchange rateo 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 reaches 

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 affeeted by polieies related to 

exports and production expansiono 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 runo 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 eountry 

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 interva1 shows the effect of the seven-year 

eyele of beef supply from the rest of the country. Run 12 

experienees a sharp drop in price after 1975 when the inereased 

production from the rest of the country herds is marketed. 

But an upward trend follows after 1980 whieh coincides with 

a declining path in the long-term supply cycle. Sinee eatt1e 

production is discouraged in the Costa by low priees and 

domestie demand is a1ways increasing, it is like1y that in 

the long run the price cyele in Run 12 will have a raising 

trend. 

From Figure IV.29 we can see that export margins are 

eonsistent with world priees and with policies affecting domestie 
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prices and the pesos equivalent value of exports.!! 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 infinite1y e1astic demand for 

Colombian exports. This means that Co1ombian sales to the 

world market do not have an impact on wor1d prices and that 

beef exports wil1 be traded at the gOing wor1d 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 gradual1y 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 1ast three years of the runo 

If wor1d 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 

domestic price and low world price. Run 19 shows that if ex­

port subsidies are cut off in 1975, a flexible exchange rate 

is not enough to produce positive export margins, a1though 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 rate 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 

in domestic demand bid up the price. Run 21 shows that under 

conditions of low domestic prices resulting from increased 

supplies from the rest of the country and low wor1d 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 

l. 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 export target from 
year 1974. 

12. Cattle exports set at high target from year 
1974 plus modernization of rest of national herd 
from year 1975. 

14. Combines Run 4, Run 6 and Run 7. 

Run 11 

Run 10 

Run 1 

G-< Run 14 

~ 8,000 
~ 

Q! 
rl 

t 6,000 
ro 
u 

G-< 
o 
Q! 
o 

·el 
H 

P-< 
4,000 

2,000 

Run 12 

~All runs 

1965 1970 1975 1980 1985 

Figure IV.28. Domestic market price of finished males 
unuer val'ious po licy al ternati ve:;, 1965-
1 'i B ') . 
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Run Definitions 

12. Same as Run 1 with high export target and low worló 
price after 1974 plus fixed exchange rate 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 1 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 lü\rl warld 
price after 1974 plus fixed exchange rate at Ps 25. 

21. Same as Run 1 with higt export target and low world 
price after 1974 plus export 5ubsidy cut off and 
modernization of rest of national herd after 1975. 

All runs 

Runs 19,21 

Run 21 

Run 17 

';-_;::;-¿:j~ Run 12 

Run 19 

Run 20 

1965 1970 1975 1980 1985 

Figure IV.29. Competitive position of Colombian 
cattle in export markets under various 
policy alternatives assuming high 
export target and moderate and low 
wor1d 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 approximately 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 foreign trade leading to 

balance of payment problems and eventual further devaluation. 

The aboye 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 rateo 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 is high, the exchange rate flexible and the 

export target high (Run 11) and amount to Ps 5,179 mi11ion. 

But subsidy payments drop to Ps 1,168 million when wor1d 

price i8 low (Run 17) while exports and exchange rate are 

the same as aboYe. If world price is high, the exchange 

rate flexible, but the export target is low as in the base run, 

subsidy payments are Ps 2,462 million. And finally, subsidy 

payments are the lowest amounting to Ps 546 million when the 
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exchange rate is fixed and the world price is low even though 

exports are high (Run 20). 

The value of foreign exchange earnings wi1l 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 va1ue of foreign exchange earnings in 

1985 wi11 be $144.3 mil1ion when the assumed wor1d price 

is low; $307.5 mi11ion when wor1d price is assumed moderate; 

and $639.7 million when world price is assumed high.!/ If 

world price is assumed rnoderate, the projected value of foreign 

exchange earnings in 1985 wi11 be $146.2 rni11ion when exports 

are maintained at a low level; and $220.4 mi1lion when exports 

are interrnediate. 

The foregoing examples indicate that changes in world 

price provide the government with more latitude in the choice 

of policies for the attainrnent of foreign earning targets 

without great1y impairing other desirable goals. Recalling 

earlier discussions we see that increasing the level of 

exports reduces consumption per capita unless other measures 

are taken to increase dornestic beef supply (see Figure IV.14). 

Yet it is also 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 exp1icttly here when 

increaslng the competitive ectge 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 i8 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 funda within the ten-year period (1966-1976) 

set in the modelo 

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 principIes 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 

principIes 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, catt1e inventories and output in the Costa 

depend decisively on contro1ling diseases in the traditiona1 

sector. But at the nationa1 1eve1, 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 po1icies. Positive effects of 

single policies are reinforced by complementary measures when 

simultaneous1y 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 wor1d markets is decisive1y dependent on world price and 

policies concerning domestic supply and export incentives. 

In this ana1ysis, 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 Bxport subsidies 

can be examined and determined in the face of both 

domestic and world prices and exchange rate polic.ies. 

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 sorne 

cases in the model, could possibly have been obtained by the 

use of the modelo 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 implementa­

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 reasonably well and 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 out comes 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, which 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 recornmended. 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 revenues. 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 

between 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 

lntroduction and Surnmary 

Colombia, as many other developing nations, is facing 

a new pattern of food scarcity in the decade ahead. The 

increased demands 01' 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 demando 

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 

01' bee1' cattle production. With about hal1' the cattle popula-

tion and with a regional comparative advantage 1'or grazing, 

the Atlantic or Caribbean plain 01' Northern Colombia is re­

ceiving most 01' the development e1'fort. 

With the preceding considerations in mind and realiz­

ing the experienced use1'ulness 01' the systems simulation 

:lPI'f'o!,wil 1n OIf"I'(:<HlIl nl~ m!lny 01' ttw complexi tie,~ 01' dev(,lopment 

34u 
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planning, this dissertation developed a simulation 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 1 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 11 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 taxeB can 



342 

be levied, and export targets and incentives can be regulated. 

Part 111 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

elude 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 12 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 sorne 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 costo USing an operational model 

lB a majur :;tep forward in tilO task of madeling Bcctorial 

and/or rellional acanomios. Experiments can be pcrformed 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 
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response to ohanges in the age and sex distribution of the 

oattle population. Suoh ohanges feed baok in the oattle 

demographio eomponent through time delays and induoed 

behavioral effects to influenee the pattern of cattle popu­

lation development that produces further changes, and so on. 

Those endogenous interactions between cattle demography 

and performance appear to be vital elements in the process 

of regional eeonomie growth. 

Fifth and last, although the model as presented here 

needs further work and is not ready for implementation, it 

affords a good example of how the system simulation approach 

provides an analytieal framework within which researchers 

and policy makers can interact while formulating alternative 

eattle polieies. We were specifically interested in evaluat­

ing the long-term economic impact of modifying cattle prices 

through exports, revising tax polieies, and the proposed 

government production campaigns to expand eattle 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 eonvenient means of predicting 

and comparing the outcomes of various eombinations of cattle 

programs and polieies. Based on the predicted time paths 

of the various performance indices of the cattle sUbseetor, 

the merits of various poliey alternatives were discussed. 

This capability of the model to project the time paths of 

various performance indices can be used to give the policy 
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maker a clear picture of the range of possible outcomes 

of each proposed poliey. 

In addition, policy makers not only benefit from 

the analysis of potential poliey results but also from the 

process of formulating the simulation model itself. Planning 

offieials taking part in the model development proeess are 

foreed to speeify, examine and study their assumptions, data 

sources, underlying interrelationships and impaet of eaeh 

poliey tipon the model strueture 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

searehers and planners gain greater insight into the mechanisms 

and likely patterns of change within the system being modeled. 

Further, the decision maker can playa 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 deeision patterns and poliey 

ehoiees. This iterative proeess involving elose interaction 

among decision makers and system analysts engages deeision 

makers in investigation aetivities that lead them to perform 

as researchers as well. Henee, the simulation model beeomes 

not only a valuable analytieal tool in helping decision 

makers in their planning, pOliey formulation, and program 

development activities, but also an educational tool that 

enhances their planning capacities [28J. 
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policy Implications from 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 programo 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 hlgh targets ls not by 

ltself an effective tool for expanding cattle modernization 

and output. While it is true that higher prices greatly in­

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 

practices. Consequently, if modernization is to be enhanced 

by taking advantage of the farmers' expanded revenue, it is 

necessary to implement other policies that would increase 

the profitability of the modern operation relative to tradi­

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 incurrlng 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. 

Fourth, special taxes on cattle are the main sources 

of government revenue (not including income tax). Cutting 

orr cattle taxes, in addition to removing this source of 

revenue, has the same counteracting effect on modernization 

as price increases (discussed aboye). However, any loss 
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in government revenue that might occur from cutting off 

specia1 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 sorne sort of redistribution of income in the region, 

it is a requis~te that the medium and sma11 farrners are not 

left behind in the modernization effort. Alternatively, 

modernization rnight be accompanied by a change in the pattern 

of 1and ownership that prevai1ed in 1960. According to the 

agricultural census of that year, three-fourths of the cattle 

farms were 1ess than 100 hectares; they controlled one-fourth 

of cattle and had an average inventory of 1ess than 50 head 

of cattle [14J. 

Fina11y, the wor1d price of beef great1y affects 

foreign earnings. It is, therefore, very irnportant that 

ttle governrnent cóecure the highest wor1d price for exports. 



This ean be attained by exporting high quality dressed 

and/or proeessed beef to bring higher priees in inter­

national markets. In addition, this measure might inerease 

the Colombian value added of exports with spíll-over effects 

on the eeonomy. The poliey experiments show that the profit 

margin of cattle exporters varíes according to domestic and 

world price conditions and measures affecting the effective 

rate of exchange. The combínation 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 

publie 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 befare 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 [1, 27, 53, 62] have suggested possible extensions to 

enable it to better address sorne 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 causad by seasonal changes in pasture yields. 
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In addition, the supply response to price challges ls not 

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, 55J a further step could 

be to calculate the productivlty of each age group relative 

to the feed resources consumed. This will permit more precise 

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.l/ If policy makers 

and planners feel this is an area they would like to investi-

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 substitution 

of artificial pasture for native pasture) provided both an 

empirical base for assigning values to these and other model 

parameters as well as justification for focusing the simulation 

l/A detailed demographic model of this sort is di s­
cussed by Johnson et al., in [48J. 
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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 arising from the simulation of 

farmers' behavior in the face of the higher risk and un­

certainty involved in these alternatives. Additional 

research is necessary to better understand the nature of 

this problem before further mOdeling work can be done on it. 

Another unrealistic aspect of the decision mechanism 

i3 the assumption that capital is employed at a low opportunity 

cost in cattle production. This does not effectively represent 

the capital market in Colombia where transfers of capital out 

of cattle farming are certainly occurring with the subsequent 

effect of impairing the farm improvement effort. It also 

seems unrealistic 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 aboye 

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 ava11ability of labor (including 

management) and the availability of other inputs (fertilizers, 
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herbicides, seeds, and drugs, primarily). Thus, it may be 

desirable, ir the model is to be implemented, to give high 

priority to modifying the model to realistically reflect 

actual input constraints on land allocation and production 

decisions. 

Related to these possible shortcomings of the model 

are the problems of investing and disinvesting and the genera­

tion and use of farm-produced capital. The former i8 approxi­

mated in the model by the land modernization and reversion 

mechanisms of Equations 5.36 and 5.47, and the retention or 

sale of cattle accompanying the increased or reduced carry­

ing capacity brought about by these land transitions. Yet, 

as pointed out by Johnson [47J, a solution to these problems 

needs more development in economic theory concerning user 

cOsts which partially determine how many units of productive 

services are generated from fixed durable inputs in the 

intricate process of agricultural growth, change, and/or 

deterioration. 

Two examples of other structures of the Costa model 

which may require further verification are the on-farm re­

source use response and the living expenditures adjustment 

mechanism. First, it may be questioned whether Equation 

6.36, in assuming the functional relationship shown in 

Figure 11.7 between the perceived relative profitability 

differential of traditional and modern cattleon tne one 

hand and, on the other, the extent to which farmers make 
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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 groups is accomplished. 

Likewise, this formulation does not model income effects 

on consumption brought about by changes 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 basis than it currently does for analyzing govern­

ment revenue and budget expenditures for agricultural moderni­

zation programs. The present model was not able, nor built, 

to generate the effect of a graduated income and wealth 

tax for cattle producers whose efficiency could be compared 

with alternative consumption, land and special taxes. 

Likewise, the present model 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 diseuss meaningfully the distributional 

impact of government polieies on investment in production 

eampaigns, exports and publie revenues, and the response of 

farmers to these polieies, the eattle subseetor may have to 

be disaggregated by farm size. Sinee farmers in eaeh size 

eategory have a different command over resourees and their 

own beliefs and values, sueh disaggregation may be helpful 

in analyzing problems of ineome distribution, and in simulat­

ing more realistieally their deeision making. It may oe 

useful to further disaggregate the region by eeological 

zones and to subeategorize the eattle industry by type of 

aetivity, i.e., breeding, growing, fattening, and their 

eombinations. 

A third possible problem area whieh could eall for 

an extension of the model is the question of growth and 

age distribution of the rural population. This is elosely 

related to the problems of employment, labor supply, and 

pressure over natural resourees, which in turn involve 

aspects of income distribution, rural-urban migration and 

land ownership distribution. The dimension of ineome 

distribution, a pervasive one in all development plans, 

would be an important output eriterion for evaluating 

alternative polieies. 

Fourth, as part of the process of improving the land 

use decision mechanism of Chapter 5, the erop subsector 

may have to be disaggregated by eompeting commodities in 

arder to determine a more realistic erop mix. This will 
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allow the more aeeurate simulation of the eompetition 

between erops and eattle and, in addition, may suggest 

polieies toward improvement of individual erops and regional 

speeialization. Likewise, the model may be extended to 

relax the constraint of testing eaeh modern alternative one 

at a time and inelude mechanisms for the adoption of various 

alternatives simultaneously. This may refleet more realis­

tieally the various responses of farmers with respeet to 

profitability pereeptions. The two extensions suggested 

here may have substantial impaet on the performance variables 

that could be of interest to policy makers. 

Fifth, the sensitivity of the model to cattle priee 

ehanges suggests the need for ineluding a semi-automatie 

deeision-making meehanism whereby the government export 

polieies in any one year depend on the interaction between 

the prevailing world and domestic price of beef. Export 

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 sueh a model extension would be to help 

determine a more flexible governmental export policy whieh 

would stabilize farmers' ineome and net government revenues 

from exports, given the fluetuations of beef prices. 

Sixth, one extension of a teehniealnature men­

tioned in Chapter 10 is running the model in a Monte CarIo 

stochastic mode rather than deterministically. Although 

there are various theoretieal problems involved in the 
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use of Monte CarIo techniques [1, Chapter 11J such stochastic 

runs could be useful in dealing with data problems and in 

evaluating the relative stability and sensitivity o[ policy 

alternatives in the face of uncertainty. Giving a proba­

bility distribution to some oC the data instead of a mean 

value, it is possible to incorporate methods of statistical 

sampling and inference into the outcome of the modelo 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 sub sectorial modelo 

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 experiehce gained from these 

extensions ahd the informatioh they contribute are of un­

questionable relevancy for development planning in Colombia. 

Concluding Remarks 

We have discussed sorne of the shortcomings of this 

study and have suggested means by which they can be dealt 

with in order to improve the model's predictive ahd 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 discussed in Chapter l. Nonetheless, we have 

reasoned that the 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 

as well as a useful contribution to the study of likely con­

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 

information could be introduced into the model to correct 

current inadequacies. The experience and lessons learned 

in the present work and others like it will be valuable in 

future modeling efforts. 
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COMPUTER PROGRAM 
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PROGRAH SIHCOLCINPUT.OUT~UT.TAPE1'INPUI.TAPE2.0UTPUT) 
COHHON ICONTRLI T.DT.~UK,lRUN.BEGPRT,pRTCHG,PRTYl1,PRTVL2,lPRJNT. 

1 HAL,T~OU,TDO 
READ900.NRUN 
DO 200 IRUN.l,UPUN 
CA\.\. "U"D01 
CA\.L PRISET 
CA\.L \.ANSET 
CA\.\. CATSET 
CA\.L CRnSET 
CALL PRDSET 
CALL ACCSET 
CA\.L MODSET 
CALL CRTSET 
PR' • BEGPRT 
PRTVL • PRTV\.1 
,. 11 C. 

20 ¡PRINT • O 
T • T.OT 
¡fCT,LT,PRT1GO TO 40 
¡PRINT • 1 
¡fCT,EQ,PRTCHGIPRTVL.PRT~L2 
PRT • T.PRTVL . 

40 CALL PRIGEN 
CALL LANDAL 
CALL AGPROD 
CALL DEMOG 
lfCT,GE,TMOQICAl\. HODC~U 
CALL AGACC 
CAI.I. MODRAT 
CAI.I. CRTAee 
IfCT,LT,DUR,GO lO 20 

2 O O CONT! "UE 
STOP 

900 rORMAT01' 
END 

SIMeOL 
CW' e,,' 
SI"eo~ 
SI"CO\. 
SIMeo~ 
SI"eo~ 
SI"C01, 
SI"CO\. 
SI"eo~ 
SI"eo~ 
SI"eo\. 
SI"CO~ 
51"CO~ 
SI"COl 
Cló5 
SI"COl 
SI"COl 
SI"CO~ 
SI "Cal 
SI"COl 
CW2 
SI"COi. 
SI"COl 
SI"COi. 
SI"COi. 
SI"COl 
sl"eOl 
SI "coi. 
SI"COi. 
SI"COl 
SI"COl 
SI"COl 
SI"COL 
stMCO:'; 
SI"COl 

2 
1 
2 

• 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1. 
15 

3 
16 
17 
18 
19 
20 

3 
21 
22 
23 2. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
J4 



SU8ROUTINE RUNDAT 
COMItON ICONTRLI T.DT.OVH.IRUN~BEGPRT.PRTCHG~PRtV~1.PRTVL2.I~RI~T. 

1 MAL,TMOP,TDO 
NAHEL 1ST INAMRUNI DT. DUR, 8fGPRT.PRTOHa. PRTVL1;PATVU. MAL, THOD. TOO 
lftlRUN,GT.i)GO TO ~o 
OUR • 10. 
PRrCHG • loD. 
PRTYL2 • 5. 
PRTYL1 • 1, 
roo. lIJO. 
BEGPRT • 1, 
THOO • 100. 
MAL 11 :) 

OT •• 25 
30 REAO(l.NAMRIJtD 

HR1TE(2,NAHRUN) 
RETURN 
ENO 

RUNOA, 
OW' 
CW' c., 
RUNOA, 
RUNOA, 
CH2 
CW2 
CH' 
0.5 
RUNDA, 
RUNDA, 
RUNOAr 
RUNOA' 
RUNOA, 
RUNO·t 
AUNOA, 
AUNO" 

2 
1 
2 

• , 
6 , 
6 , 
6 
8 
9 

10 
11 
12 
U 
14 
15 



SUBROUTI~E PRIGEN 
COMMON IACCOUNI DqLAT.AKLATtACLAT.VLA~DT,VLDTXT.TAXCT,AGSUT, 

1 D~LA~.A~LAH.ACLAH,VLAnD~.VLD'XM.TAXCH.AGSUH. 
2 DqLAV,Dc~U,rAR"IC,D1TOUS,DCROT.RCSToT,e~'LIV.NCFR, 
3 ALPH1,T~C.TCEC~TR~SL3.'~r.TLFP.CPLr.RINT,RINTL, 
4 CREDT,Dl~.C250.C253.C254.lT1.LT2.LT3,CeSTr..CSTGH. 

• 
1 
? 
3 , 
5 

• , , 

REAL NCFR 
COHMON ICA'1LEI 

r.OMJro10N ICONTRLI 
1 

REAL t"K'" 

EPCRP J,PCROPU,PCR1PL,pFCROP, 
EVLOCJ,YLOCV,VLDCL,YLOrC,DYLDCÚ,DVLDCL,DYLOrC 

prGT.rE"T.p'PT~PH3T.P~PT.TOPOPT,TopnPR, 
prGH, prPM~PH3~IP~P~.TOPOPM,VACAPL •• UXL12. 
SLrERT,SLSCCT~sOLDrT.SLSHlT~SlSP',SLSPTP,r~MSCT. 
SLrER~,SL9CCH~SOlnrM,SLSMLH~SLSPM.SUPB.rEHSC", 
pprGTT,pprPTT~PP"GTT,PP~PTT~pprGTH, 
pprPT~.PPMGTH.rPMPT~,Rf~TT,RrPTT, 

~~GTT.R~PTT.RfGTM4RrPtM.RMGTM~RHPTH, 
TONT,TDN4T.TDNM,T~N~P.TDNA"~PATADT.QH~.OMT.prL~CT. 
Y~AT.~A,PAP,PAPP,?RAT.EXPL.UNEXPL.CT202~C21 •• C244 
T.DT,DU~,IRUN.BeGPRT,PRTCH~~PRtVL1.PRTVL2,1!RtN'. 
MAL,,"'pv,TDO 

DIMENSION VIL5ÜC~1' 
DATA C219.C~37,C23B I 1,. ,1, .D32 , 
DATA ELASD,F.LASI,fLASP I .7, .6. 1, I 
DATA HKH,UNEXPL I ,15. 300DOO. I 
DATA DEL' / 5. / 
DATA SHALL50,Dlr.r~a,K5~ I 4., l •• 10 I 
DATA VAL50 I 3100 •• 76Ó23 •• 58375., lQ846 •• 19140 •• 58218 •• 

1 i25799.~ 191100 •• 245DaÜ., 282~O.f~ 329000. I 
oAT' PAPO / 907.1 
EPCRPU • EPCRPU.CPCRO'UoElCRPU,oDT/nEL7 
PCROPU • PC.OPU.ResTDr 
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PPA • PI. 
PI • p'oC~ •• C21 •• CTDE~.5UPBloDT/CTDEMoELASD" 
PAPP • PAP -
PA, • PA.Cl:_HKM) 
PRAT ... p/PAPí 
RDEM • EL'S!.CIS7oELAS,ocaSI.aL,SDoCP.o"AI/IP"'DT, 
DE" • DEHoDt.CO!H •• OE"¡ 
EXPL • o. 
IrCT.GE."'~'PL.T'BLI!C·'~'0,SM'LL50.ólrr'0~K;ñ.T' 
TDEM • DEHoe.p~.UNE"L 
IrCIPRINT.LT.l,RETURN 
PRINT89G,T 
PRJNTQ10,PA~PA'~EXP~.DE".TDE"~E~CRPU,'C~OPU~PCROPL.prcROP 
RETUR~ 

890 rORHATc36Hl0UTPUT or 'UBROUTI~E PRIGe~ 4T TIHE,'8.2) 
910 rDRMAT'lHO.9X,2HPl~'O •• I~I'P,9X.4HE~~~,8K,3MDe".9x.4HTDEM,IX. 
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ENTA' .RISET 
PCROPU • 6~¡¡. 
PCRDPL • 892. 
prCROP • 26!. 
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PA .. 1061. 
TOE" • 1889100. 
DE" • 17391aO. 
supe • 18e9iD~. 
PAP • 907, 

PR1GEt,¡ 
lCCOU,,", 
.CCOU~ 
ACCOU'II 
ACCOU'II 
C<7 
AC'COU~ 
ACCOU~ 
ACCOU~ 
CATrLE 
CATTLE 
ClnLE 
CATTLE 
CATrLE 
CATTLE 
CA TTLE 
CATr\-E 
CATrLE 
C.5 
CW5 
PRIGE~ 
PRIGE~ 
PR I GE~ 
flRIGE'II 
PR1GE'II 
C.5 
PRIGE~ 
PRIGE'II 
PRtGe. 
PRIGe, 
.RIGE. c., 
c •• C., 
PRIGE, 
PRIGE' 
.RIGE, 
PRIGE, 
PRIGe~ 
PRtGE, 
PRIGE, 
PRIGE, 
PRIGE, 
PR I GE. 
PRIGE, 
PRIGE. 
PRIGE~ 
PRIGe. 
PR I GE, 
PRIG"­
.RIGE, 
.RIGE, 
.RIGE, 
PRIGE, 
PRIGe, 
PRIGe. 
PRIGE, 
PRtGE~ 
PRIGE, 
PRIG!' 
PAIGEIIt 

2 
2 
3 

• , 
1 , 
• • 
2 
3 

• , 
• , 
• • 10 
1 
2 
5 

• 7 

• • 7 
11 
12 
13 
l' 
U • 2 

I 
19 
20 
al 
22 
23 
24 
25 
26 
27 
21 
29 
30 3. 
H 
33 
H 
31 
3' 
37 
31 
H 
'0 •• 42 
<3 
H ., 



RETURN 
ENO 

46 
41 



363 
SUBROUTINE .'NDAL 
CO"HON ICON'.LI T.DT.DU".IRUN.BEQPRT.,RTCHG~PR'YL1.,RTYLI"'~INT. 

1. MALI TtilOD, TOO 
COHHON ILANOI TGL.TTG~.TTG~ •• TTG.Ul.TTG.U2¡TQL$rO. 

1 T.SL.TL.~D.TLHOD1.TLHaD~.T.MOD3.TT'LR.'GLR. 
i TLCRL.'LC8U. T.CRUP. TOL'" TGLUi,. TLrC. 'LC, 
3 XR1,Rl.~2.PR2.~DR.CRM~RLM.RL"I,RLCRU.1UX,.'UX', 
, AqMl.AR~2.ARMS.A',C9.~RT.CPLPT.XDEL.RPT~.G.e 

DIMENSION COOUT4(31.CROUTtl(61 •• AL49Cil 
O .. ,.. AI..2.C2'9.C'Dl'.CL2 I .03, .1, .5, f' I 
DATA VAL49 I 2aQOe •• 1.~20 •• 8"0., 7a60,. 5000. I 
DATA OEL4.DELli 11." 10.1 
DATA OE.15.DEL16."EL17.PE.18 I '-'. , 
DATa K4,K11~K.9~Dlrf'9.S~.LL491 J, 6, 4. 1.~ 6. I 
DAn TLrCD.TGLSro.TLD.N~D I lIIi13u •• :iU7"O'~ 3137950. , 
DATA TLA •• D;T.A.U01.TLA.JD~ 1 53330U., ~169D60;. 1676001, , 
DATA XDELtR~DRN~RLCRL I 1" 13500., 4~OO, I 
IrCT.LT.TMOO)GO lO 20 
TRSI.. • CXR1.R2.RL~).XD~~ 
E6 • 1. 
Ire FtrGLL. LT;O • • AND~-TTGLL, 1ST. OTee .RTGLL > )E6!11Dt 
El0 • 1. 
lr(RTGLU1.LT,D •• AND.TTGLJt.QT.OT.(.RTQL~1)lEtD.Ot 
E14 • 1. 
Ir(RTG~U2.~T.O •• AND.TTGLU2.GT.DT.(.RTGLV2)&14.0' 
TLMODl • AMAX1(AM!Nl(fL"OD1*OT_(RLM-TQLL/T~L_tL"QD1_PR2.~6.RTQLL-

1 TLHOD1/TGLI .. ). TG~L), O., 
TLHOD2 • AMAX1(AMtNl(TLMOD2·DT.(RLM.TQLU1/TG~.tLHOD2.'R!.RTGLU1· 

1 Ela.TLHOD2/TGLU1', TGLU1), O,) 
TLM003 • AM'Xl(AMIN1(fL"OQ3.DT*(RLM.TaLV~/TG~.TL"aD3-PRf.R'O~U2-

1 E14.TLHon3/TQLU~', TGLU21. o., 
TLHon • TLHOD1+TLHo02*T.MDD3 

20 CONTtNUE 
TLAVL • TLAV.'CTLAVLD-TLAVLI*CT/DEL1' 
TLlVUl • TLAYU1.tTLAYV01-TLAVU1)*OT/DEL16 
TLlVU2 e TLAYU2.(TLAYJD2-TLAVU2)*nT/D;L17 
RL~C = AL2.TL~CO.EXP(AL2·T) 
TLrC • TL~C.Dl.ALrC 
ILrCU • C249.TtfC 
C~~L neLAY(RLDRN.AU110~CROUT11.DEL11,bT.Kil) 
TLDRN • AMIN1(TLDR".DT.~~Xl0, TLDRNLO) 
TLfCL • AMIN1(TLfC.TLrcu. TLAYLO*TLDRN) 
TLBAN • 2DO!'. 
Ir(T.GE.b,)TLRAN • TA9LJe(VAL49.SMALL.9,DJrF49.~'9,T) 
ALNDL • TLAYL·TLURN·TLrCL.TLBA~ 
TLCRL e AMIN1(TLCRL.Or.ALCRL, ALNOL) 
TLCRLR • TLCRL+TLPAN 
TGLLP • TGLL 
TGLL • AM.xl('LAVL~rLFCL-'LCRLR. J.) 
"TGLL • (TGLL-tr..Lpl/Df 
TGLSrl • TGLSr1.(fGLSro-fGLSrll·DT/DEL~8 
TGLSr • TGLSF1-'LnRN 
TLrCU1P • TlFCUi 
TLfCUl • AMIN1CCr"i.T~FCU, T~AYU1) 
OLrCUl • TLrCU1.TL~CU1P 
ALNOUl • TLAVU1.TLr CUl 
AUX4 • O. 
¡r(RLCRU.LE;O.IAUX.-C.Z-DLrCU1 
TLCFlUP • TLCRU 
TLCRU • AMAX1(AMIN1CTLCR~.AUX4.DT.(A~X2·AUX3t~ A~NDU1). O., 
TGLU1P • TOL'Ul 

LANDAI. 
CN5 
eN' 
LAND 
LAND 
LANO 
LAND 
LAND 
.ANDAI. 
LANDA': 
LANDA. 
CWA 
LANDAL 
LANDAL 
LANDA. 
LANDA': 
CW4 
.ANDA': 
LANDAL 
LANDA. 
L'NDA. 
L'NDA~ 
.ANDA. 
loANDA': 
.ANDAL 
LANDA': 
LANDA': 
LANDA': 
.'NDAL, 
LANDAi. 
.ANDlL 
I.ANDA~ 
LANDA~ 
LANDAL, 
.'NDAL, 
I.ANDAI. 
LANDA': 
LANDA 1. 
LANDA': 
.'ND'~ 
LANDAL 
LANDA. 
LANDA~ 
LANDAL, 
LANDAL 
LANDA. 
LANDA': 
LANOA( 
LANDA. 
.ANDA. 
~'NDAI. 
LANDAI. 
LANDA!. 
LANDAI. 
LANDA. 
L"NOAL 
LANDA. 
LANDAI. 
LANDAI. 
LANOAL 
LAMtl"~ 

2 
1 
a 
2 
J 

• , 
6 
5 , , 
6 , 

10 
U 
U 

5 
11 
15 
U 
l' 
te 
19 
2D 
26 
22 
23 
2t 
25 
26 
~7 
28 
~, 

3D 
3l 
32 
51 
34 
3' 3. 
37 
38 
39 
'D 
41 
42 
H .. 
4f 
'6 .7 
48 
49 
5D 

" 52 
53 ,. 
55 
56 
51 



e 

TGLUl • Al~Dl¡l-TLrRU 
RTGLUl • nr,U 'I-Tr.lUl")/OT 
CAlL DELAV('UX1~AlIX2,CRUJT4,DEL4.DTtK~' 
TU"CUZ JI AHT~l(tl ... rrOl).H..F'CU. TI.AVU2) 
TGLU2P • TGLU2 
rCiLU2 • TL~vU2·tLrCU2 
RTGlU2 • (T~ltJ2.T~LU2P)/UT 
TlCC • TLCRLR+TLC~U 
TLC • TLrC.TLCC 
TGLU 1: TGLU1+TGlU~ 
TGl • TGLL.TGLU 
TTGlL = TGLL_TlMOr.l 
TTGLU1 • TGLU1·TL~002 
TTGLU2 1: TGLUl ... TL"'003 
TTGL JI TGl-tlHon-TRSL 
TrGLR = TTGl+TGLSr.C9 
TGlR ~ TGL.TGLSF*C9 
!r(rp~INTILT,l}RETUR~ 
PRI~!T890. T 
PRINT900,AlNDL.TLAVL.AlNOU1,TLAVU1,TLAV~2.TlDR~.TLaAN 
PRINT90a,TlrCl,TLrCU1.'LrCU2.TLrCJ.TLrC,TLCRL~TLCRLR,TLCRU.TLCC, 

1 TLe' 
PRINT916.TTGLL~TT~lUl.TTGLU2.TGLU,TGL,TTGL,TGLSr~T1GLR 
PRINT924.RTGLL.Rl~LU1.RiGlU2.RLrC,AUX~,AUX4~AUX1Ó 
PRINT~30,CROUT4;CROUT11-
IF(T.LT.TMOD)RETURh 
PRINT95G.TLMOn.TL"'Orl,TL~OD2.TLMDDJ,TRSL,TGL~~TGLU1~TGLU2,TG~R 
RE1URN 

890 FDRMA1{36H4nUTPUT Of SU~~OUTINE LANDAL AT T1HE,re.2) 
900 fOkHAT(lHO,9X.5HAL~DL,7X.5HTLAYL,7X,6HALNOUlj6X~6HTLAVU¡.6X. 

1 6.ITLAVU2~6X.5HTLDRN,7X,5HTLBAN/lHO,9X.7(El1t.~lX)1 
908 fORHAT'lHO,9X.5HTLFCL.7X.6HTLFCU1,6X.6HT~rCU2~6X.5HTL'CU.7 •• 

1 .tITLrC.eX,~HTLCR~,7X,6~TLCRLR.6X,5HTLCRO~7X,~HTLte,.x, 
2 3HTLC/IHC.9X,lD(~11.~,lX) 

916 FORMAT (1HD, 9X. 5HTTGL.L, 7X, 6HTTtSiUI;l., 6X, 6HTTGLU2;' 6)(, 4HTGl..U~ ex, 3HTGL, 
1 9X,4HTTGL,~A,5~rG~Sr,7X.5HTTGLR/lHij.6X,8E12.4) 

92~ rORMAT(lHG,9X.5HRTGLL,7X,6HRTGLU1,6X,6HRTGLU2~6Xt4HALrc~ak.~HAUX2, 
1 SX,4WAUX4.8X.5HAUXI0/1Hfi.9X,7(Ell.4.íX)~ 

930 fORHAT(lHO,9X.6HCRO~TC.30X,7HCROUT11/iHO,9X~9(E11 ••• 1X,) 
950 fORHA1(lHO,9X.5HTLHOO,7x.OHTLM001,6X,6HTLM002;6X,6H'~Hon~ •• x, 

1 .HTHSL,aX.4HTGLL,e~,5HTGLU1,7X,5HTQLU2.7XI~HTGLR/1HO,8x. 
2 9E12:4) 

ENfRY LANser 

e V'LU.S ro" lANO AlLoe.TioN 
e 

TlAVl = 431DD¡,Í. 
TLAVUl ~ 17?0729. 
TLAVU2 • 1293017. 
TGLSfl •• B.TGLSFo 
TLDRN :1 O, 
TLBAN 11= 2000'0. 
TLCRL 1: l~O'OO. 
TLCRIJ • 28100Ó. 
Rl.CRU = 350CJ. 
TLrc 1: 1017JC. 
TLfCUl ::¡ 40915. 
TLC = TL8AN+TLCRL+TLC~U+TLfC 
TLHOD = O. 
TU10Dl 1: O. 
TLHOD2 1: O, 

L.ANO'~ 
L.ANDA~ 
L.~NDAl 
lAND'~ 
L.ANO'~ 
LAND', 
LAND', 
L.'NO'L 
LANDAL. 
L.ANOA'; 
LANDA'; 
LANDAL 
LAN"A~ 
~ANOA~ 
I..A~OA~ 
l'NOAL 
LANOA~ 
L'ND·L 
L.ANDA~ 
lANDAL. 
L.ANO''; 
L.ANOAL.: 
LANDAL 
Lpi\¡::,Al 
Li~ytAL 
L;i.t~D&.l 

LANDAi,. 
LANOAL 
LANOAL 
LANDAl 
LANOA~ 
LANDA~ 
lANDAe 
LANDAL 
L.ANDAL 
LANDA~ 
lANDAL 
L.AND'L 
L.ANDAL 
LAND'L 
lANDAL. 
L.ANDA~ 
L.ANDAL 
L.ANDAL 
LANDAL 
LANDA~ 
L.'NOAL 
L.ANOA~ 
LANDAL 
I.ANDA~ 
L.ANO', 
I.ANOAI. 
CWA 
eWA 
CWA 
L.'NDA~ 
L.ANDA~ 
L.'NOAL 
LANOA~ 
L..NDAI. 
L.'NDAL 

,. ,. 
61 
61 
6i 
61 
6i 
61 
6. 
67 

•• •• 
70 
7l 
72 
13 ,. 
15 
7. 
17 ,. 
7. 
60 
81 
82 
B3 
84 
85 B. 
87 
BB 

B' 
90 
91 
92 
93 
ti 
95 
9. 
97 
9. 
9. 

100 
101 
102 
101 
10' 
105 
106 
1D1 
loe 
ID' 

6 
7 

• lU 
114 
115 
116 
117 
118 



365 

'LMOD3 • O. LANLlA.", 119 
TRSL. = O. L.ANUA ... 120 
TGL.Ul • 14717:0. LANDA .. 121 
TGL.U~ = 1252325. LANDA\. 122 
TGLL = 3198ü4. LANUAL. 123 
"TGL.Ul • TGt.Ul L,ANOAI..: 12. 
TTGLU2 • TGLU2 LAND"~ 145 
'TGLL. • TGLL LAN¡;:A ... 1:1'6 
R1GLUl • .. B037. LANDA\.. 127 
RTGLU2 • ·1~37. LANOAL 12" 
IHGLL • -10u76. L"NDA~ 12. 
TGL. • rr.LL ... TGLU1·TGLU2 LANDA!. 130 
TGLR • TGL ... TCLSrO·C9 L.ANDAe 131 
TTGLR • TGL~ L.ANDAL. 132 
~UXl • o • lA.NOAt..: 133 
AUX? = O • LANLlA¡" 13A 
AUX3 = 7000; L.ANDAe 135 
PR2 • O. L.ANDA( lJ6 
"2 • o. L.ANDAL 137 
RL.~ • o. L.ANDAL 138 
XRl • O, L.ANDAL 139 
CROUT4(11 • r. LANDAL 14' 
CROUT4(21 • t • L.ANOA .. 141 
CROUT4(~) • r'. L.ANOA~ 14? 
DO 990 rel,/', L.ANDAL 143 
GPOIJT11(1) • 27~:l. LANDA~ 14' 

990 CONT I rllJF LANDAl,. 145 
fH. TUR'I LANOA¡'; 146 
Et,'D LAND"\.. 147 



SUBROUTINE AGPkoD 
COHHON n..CC,1UNI O"i'LAT ,A"'LAT, ACLA T. \lI..A,~D T, VLOT)(T, T A~C T, AGsur. 

1 D~LAN,ARLAH,ACLAM,VLANC~,VLOTXM,TAXCM,AGSUM, 
l ORLftV.DC~UffARM!C,D8TOUS,DCRDT,RCSTOT,EX~lIV,NCrR. 
.3 ALp¡...ll, TI::C. TCEe. TR ISL3, T~r. TLfP, CPLP, R INT, R pni.., 
4 C~EUT,OI~.C25D.C253.C254,lTi.LT2,LT3,CBSTG.CSTGH, 
, EPcRPJ,~C~OPU,pCR;)PL,prCROP~ 
~ EVLrCJ,vLOCU,YlOCL,'LoFC,D'LOcO.DY~nCL,r~lDrc 

1 
2 
3 

• • 
7 , 

REAl... NCfR 
COMHON /CATTLEI p~GT,rE~r.prPT.PMor,PMPr,TOPOPT,TO~DPR, 

PFG~. PFPM~PM~M.PMP~,TOPOPMtVACAPL,.UXL12, 
SLFERT.SlSCCT,sOLnfT.SLSMLT,SLSPT,SLSPTP,F~MSCT, 
SLFER~,SLSCCH,SOLJFK,SLSMlH~SLSPM,SUPB,FEMSCM, 
PPf'GTT,~PfPTT~PPM3TT,PP~PTT~pprGTM. 
PPFPT~,~PMGTM~PPMPT~,RrGTT,RFPTT. 
RMGTT.RMPTT,RrGTM,RFPTM,RMGTM~RMPTH, 
TnNT,TONAT,TONM,TDNMP,TONAH,piTAOT.OMM,OHT,prLACT, 
Y~AT.~A.PAP,PAPP,PRAT.EXPL.UNEXPLJCT202~C214,C244 

COMHON ICONTRLI T.DT.OU~,JRUN.BEGPRT,PRTCHG~P~TVL1.PRTVL2.1PRJNT. 
l' HAL,T~OU.TOO 

COMMQN ILANOI T~l,TTGL.TTGLL.TTGLU1.TTGLU2.TGLsrQ. 
1 TQs~,TLMOO.TLM001,TLMCD2,TLMODJ,TTGLR,TGLR, 
2 TLCRL.lLCRU,TLC~UP.TGLSF,TGLU¡p.TLrC,TLC. 
3 XR1,P.1,~2,PR2.POR,CRM.RLH.RLMt.RLCRU,AU~1,AUXJ, 
4 AQM1,ARM2.ARM3,A5.C1,QRT,CPLPT,xnEl,RPTN,GRE 

DATA CGOU,COCUi~CGU1,CGU2 I 3.48. 1.16, 5., 1.7 I 
DATA CGOl,Cr.Gll;CGL1,CG~2 I J.8, ~.26. 5.1. l.t I 
DATA C5.C7~C9,C10.C22D I .003, 1.16 •• 55,2.8, .21 , 
DATA CPLPT.GRE.TDND,TONSG I .45. 174,j~4, .2343 I 
DATA C~3,CG~ I 3.3, 1.16 I 
DATA THOOClnEL8~OF.l9,DE~10 I 100., 3*5. I 
eGO = (CGOu.eTTGLU¡.TTGLU2)+C$~L*TTGL~)/TTGL 
CG01 = (CGOU1.(1TGLU1+'TG~U2}.cGO~1-TTGlL)/TTGL 
RCON ~ AMAX1eRCON+oT*C5*(GRr-GRE), .1) 
TDNTG 11 RCON.(CGO.CPLP'*TTGL+CGD1.'1.~CPLPT).TTGL) 
TDNRE = C7*t220*CTLCRU +TLCRLl 
TONSF 11 TGLSF*C9*C10 
TONT 11 TDNTG+TDNRE.TONSF 
fYLCCU ~ EYLDCU+(YLDeU~EYLDCU)*OT/OEL8 
l'lT.LT,TMOnC)GO TO 30 
YLDCU 11 'LOCU.(~YLDCU-YLDCU)*OT/DEL~ 
YLDCL 11 YLDCL.(DYLDCL-~LOCL).OT/OEL9 
Ylore 11 YLOrC+COYLOFC-YlOrC)-OT/DEL1Q 

3D CONTINue 
IFeT.LT,TMon)GQ TO 200 
TONMP 11 TDNM 
Ir(TL"OD.Le:O,)GO TO '0 
COl 11 CCGU1*(TLMOD2+TLMOO!)+CGL1*TLHOQ1)/TLMOD 
CG2 11 (CG02*(TLH002+TLMUD3)+CGL2*TLM001)/TlHOD 
GO TO ,0 

40 CGl 11 CG2 • C. 
50 IF("AL.EQ.2:0R.MA~.EQ."~O ro ea 

CGA ~ CG1-CPLPT_eG2.C1,-CPLPT) 
CT~ 11 CG~'CPLPT.CG4.(1 •• CPLPT) 
GO TO lDO 

80 CGA :8 CGl 

100 

1<0 

CTR 11 eG~ 
Ir(MAL.GT,2lGO to 140 
TDNM 11 CGA*TLMOD+CTR*TPS~ 
GD TO 200 
lF(TLMOD+TRSLILE.é.)G~ TO 1.5 

"GPROo 
olCCOU\! 
ACCOU~ 
ACCOU, 
ACCOU\i 
e07 
A.CCOU'II 
.ccou'" 
"CCOU'II 
CA TTLE 
CA. TTLE 
CA TTLE 
CA TTLE 
CA TTLe 
CUTLE 
cunE: 
CATnE 
CArHE 
e"5 
e" 
LAND 
LAND 
LM~fj 

LAND 
U,NO 
AGPROO 
AGPROo 
AGPROO 
ÁGPROO 
AGPROO 
AGPROO 
AGPROO 
AGPROO 
AGPROO 
A.PROO 
A.PROO 
AGPROO 
A.PROO 
AGPROo 
AGPROO 
A.PROO 
AGPROO 
A.PROO 
AGPROO 
AGPROO 
AGPROo 
A.PROO 
AGPROO 
A.PROO 
AGPROO 
AGPROo 
AGPROo 
AGPROO 
A.PROO 
AGPROO 
A.PROO 
AGPROO 
AGPROO 
AGPROO 
A.PROO 
AGPROO 

2 
2 
3 

• 
5 
I , 
e 
• 
2 
3 

• 
5 
6 
7 
8 
9 

10 
1 
2 
2 
3 
4 

• • 
7 
B 
9 

10 
11 
12 
13 
U 
15 
16 
17 
11 
1. 
20 
21 
22 
23 
2' 
25 
20 
27 
28 
2. 
3D 
31 
32 
33 
34 
35 
36 
37 
3. 
39 
40 
41 
4i 



e 

TONG = (CGA.TLHOD.CTR.T~SL)/(TL~O~.TRSL) 
Gn TO 150 

145 TDNG = O. 
150 TDNF 11: C253_C254wTDNSG/C250 

CPLr = (TDNn.TDljG)/(TD~f-TDNG) 
TU'P 11: TLF 
TLF 11: CPLF.(TLMOD.TRS~) 
TMPL 11: TLHOn.TRSL~TLF 
TDNM • TDNfwTLr.T~NGwTH~L 

200 Ir(IPRINT.LT.l)RETURN 
PRINT89C.T 
PRINT90D,RCON,CGC,CGD1.TDNTG,TD~RE,TD~Sr,TDNT 
PRl~T910,EYlOCU~YLD~U,YLOCL,YLDFC 
tF(T.LT.TMOn)RETUR~ 
PRINT950,CGA,CTR,rpLr,TLF,TMPL.TD,lH 
"HUR" 

890 rORI"AT(36H4I'WTPIIT Of ;UHROUTlfIIE ACipllOO AT TIHE.r8.2' 
900 rDP"'AT(lHO,9X,4itnr:U"'!,~X,3""CGO,9)(,4HCGL1,8XI5HTONTG.7X,5~TDNRE,7X. 

1 ~HTDtlsr,7X,4HTn~T/lHG,9x,7(El1.4.1X)' 
910 rORMAT(1~0.QX,6~EvLrlCJ,oX.5~YLOCU.7X,5HVLDCL,7X,5HYLDrC/l~O,8X, 

1 4E12~4) 
95Q rORMAT(lHO.QX.3I1C:';A.9){,.5rlCTR,9X."'~CPLr,8X,3~Tlr,9x.4HTMPL.,aX, 

1 4H.TDI~h/lH!J. 8>1',61;12 I 4) 
ENTRY PPDSET 

e VALUES FO~ PHODucTION 
e 

GRT = (TGL.TGLsrC·C 9 )/TOPJPT 
RCON = 1. 
TDNM == ~. 

,TLf ; C. 
TLfF = J. 
~F.TU~t, 

r.~: 11 

AGPROO 
AGPROC 
AGPROO 
AQPROD 
'GPROO 
AGPROD 
AGPRDO 
.tGPRDO 
.tGPRDD 
AGPROD 
"QPROO 
.GPROO 
.GPROO 
.GPROO 
"GPROD 
AGPROO 
AGPROO 
AGPROO 
AGPROD 
.tGPRDO 
AGPROO 
AGPROO 
AGPROO 
.GPROO 
AGPROO 
AGPROO 
AGPROO 
.GPROO 
AGPROO 
AGPH;OO 
.GPROO 
• GPROO 
AGPROC 
"ClPROO 

.3 .. 

.5 .. 
<7 
.6 
.9 
50 
51 
52 
53 5, 
5. 
56 
57 
56 
59 
60 6. 
62 
63 6, 
6. 
66 
67 
66 
69 
70 
71 
72 
73 
7 • 
75 
76 



368 

~U9ROUTIN~ ~~MOG 
COHHON 'C~TTLE/ o~GT,FE~T,PFoT,DMG1,PHPT,TOPOP1,TOPOP~, 

1 p c-:; '1, P~PH, P"'GM,PMP"'·, TOPOPM, VACII. PL,II.U)(l12, 
2 SLFERT,SlS~eT,~OLOFT,SlSMLT,SlSPT,SLSPTP,FEHSCT. 
1 ::,. L~':KI1, Sl SCr:M, C:;I'}L n FI1, S l ~ML.H. SLSPH, SUPB, FEJ1SCM, 
,. PPFGTT. pprPTT, PPNG TT, PP"I011 I PPfG TH, 
"i P~F-'"PT:1.J;lj!lMr.1M.~PI'1PT",,~f!íTT ,R'FPTT. 
-. r..MI, H .¡~MP", flt'tjTM, RrF!fM,JilHGfM, ~"PfHt 
1 TfHH, 1DNAl, TONI1, 10NMP, 1 ONAH, PA TA ot, 111'1,0..,1 I PH. AC1, 
~ YHAT,PA,PAP,PAPP,PQAT,EXPL,UNEXPL,CT2~2,C21~.C?~4 

e OI'tHON ICONTRl/ 1, [} T t OU~, 1 RI1N, 8€.G PPT, PR H~HG, PR TV Ll. P~T 'Il2, lPR.l tH, 
1 "'AL,T"'IOO,rn'l 
~OH~ON fL~~OI TGl,rr&l,TTGLL,TTGlUl,TTGlU2,TGLSFJ. 

1 T R.S L, Tl MOD, T LM001, TlMOO?, T lMOD3, TT G LR. TG LR, 
? TL -:~L, TLCPU, TlCRUP, TGLSF, TGLU1P, TlFC, TL~, 
3 X R;1, Rl, Q.i?, PR2, PDI? t CRf'I, RLM, Rl"ll .RLCRU, 4 UX 1, Aun t 
4 ARM1,ARMi?,ARM3,A5,C9,G~T,CPLPT,XDEl,RPTN,GQ.E 
~lM~N~ION ~AL1(6),V4l2(6),V4LJ(ó),VAl4(2),VAl5(2),VAL6(5),VAL~{4} 

OlMEN~rnN VALMl(~J,~AlM2!6),VAl~3(6) 

1IMEN~ION ~Al7(~) 

OIMI!N5ION VAL9(A) 
nlHENSION RINTFTl(15).RINTFM1(15),PINTFT2(15}tRINTF~2(t5) 
O!MENC) 1 ON ~INT M11 (15) • RHITMMl (15) ,RINT MT2 ( 15) , RINTMM2 (15 I 
I?Ed.l ~R.C:::QT. N?~nM 
DATA ~12 / 1. , 
DATA 0Iq8,Clq9,C2QC,C2~l,CT2:2,CM2C2/.95, 2., .7, .~, .4, .4/ 
DATA C206,C207,C20~,C2G9,C21C,C211/ 1., 1., 1., 1., l •• l.' 
1ATA C21?,~213,~21+,C215,C216,C217 1 1.4, '., .6, .~,O.,.02B31 
'lATA C224,C22¡;,C226,C227,C228 , .68, .92 •• 86, .42, .535 I 
nATA ~23:,~231,CT232,CM232,C233/.01,.G5, 1.,1.5, I.C~1 
DATA ~T?41,C~2~1,~242,r,243,~244,C2451 .9,.95, .05,~.,.3,O./ 
"lAT~ ::246,C2"10,C283 / 1., 1 •• J. / \ 
DA TIl PPSIT 1 t::l A ST1, A ~XT 1, AMNTi, ~MNTji,BJ1XT1'. 5, 1. ,.75,2·.5, .751 
DATA ORSIT2,€la~T2,AHXT2,AHNT2,AHNT~~~XT?I.1,.?,.25t.15,.15 •• 181 
DATA ORSIT3,El4ST3,AHXT3,AMNTJ,BMNT~~XT3/.8,1.,1. ,.1,.7,1./ 
O~TA 0R5IT4,~l~ST4,A~XT4,~~NT~,6MNT4,8MXT4/.1,.8,.23.2·.11,.t~ I 
I1ATA PRSIT5, ::ll\~T;:, A!'IX15, AHNT5, 9H.NT5, 8HUS/. 1~,. A5,. 21,2·.13,.11 I 
~ATA 0RSITS,ElAST~,A~X~6,A~NT6,3HNT6,BMXT6/.C02,.7,.06,2·.0 2,.051 
DATA ORSIT7.~lAST7,AMXT7.AMNT7,8HNT7,BMXT7/.13,.6,.2,2·.1,.15/ 
DATA PPSIM1, ~LA 5rH, AI"'NM1, Af1)(Ml, RMN.Ml,BMXM1/. 5,1. ,.9,1.,.9,1. 1 
1AT4 PPSIM2,~ldSM?,AMNM2,AMXM?,BMN~2,BM)(M2/.5,.7,.8,1 ••• 8,. 951 
DATA oOsr~lfELAS~3,4MN~3,A~XH3,B~NM3.aHXH3/.8,1. ,.8,1.,.8,1. 1 
OATA PPSIH4,~LA~M4,AM~M~,AMXH4,~MN"4,BMXM4/.1,.e,.11,.3 ,.11,.21 
~ATA PPSI~5,~lA~M5tAHNM>,AMXM5,~HNM5,BHXH~/.13,.~5,.13,.25,.13, 

1 .1 9 / 
I1ATA DQc)I"ió,::::lAc)M6,AMNi'16,A"IXM6,:JMNH6,BMXHó/.Otl2, .1, .02, .06, 

t .02,.(15 , 
DAT6 ~O~I~7,SlASM7,AHNM1,AHX"7,~HNM7,BHXH7/.13t.6,.1,.2,.1,.15 1 
OATA IOTF1,IOTF2,JOTM1,IOTM2 I 2, 2, 2, 21 
DATA <G~~F,<oROD~tKGcOMtKP~ODH 1 10, &, lO, ~I 
D~TA ~~~OF,o~~nOFt~G~O~,npPoo~ / 2.5, 11., 2.5, 3.JI 
nATA S~olLll,"IFF1,1(1/ .3", .3S, 51 
~ATA 5f1ALLM1.0IFFM1,KI11f .36, .36, 51 
OATA S~4lL2,~IFF2,(2/ .36, .3&, 51 
OAT~ S~~LL~~,nIFFM2,KM2/ .36, .36, 5 / 
I)AT" c)H~lL3,f)IFF3',1(11 .3b, ,31;, 51 
DATA SM4LLH3,nIFF~3',~~3/ .16, .1&, ; I 
1ATA SMAll~,~IFF~,K~' O., 1., 11 
'lATA c)Mr\lL~,OIFF?,<~/ ¡j., 1.,1/ 
'lATA S"'tllL1,O!FF7,1(71 ... , 1., 7/ 
i1ATII ') .... t¡LL'I,.,IF~d,l(l\/ r,., 1., 31 

IJE"'OG 2 
C,uTLE 2 
CUTle: 3 
CATTlE • 
CATTL~ 5 
!,,;lHlU: 6 
CHfLF 1 
c_rtu.: ~ 
!inTLE: 9 
CHTLE 10 
C:W5 1 
r::W5 2 
Lo:~~n 2 
l~ND 3 
LANO " LANO 5 
LAN!) €o 
'lE!10G ó 
OE"10G 1 

fJEHOG , 
IJEMOG • 
I)EMO~ 10 
f'l!:"iOG 11 
DE"IOG 12 
f)r:"'OG 13 
l1EHOG 14 
flEMOG ,. 
eH4 q 
nS"10G 17 
fJEMOG id 
DEMOS " 11~'10G 2J 
I)EHOr; 21 
O€.HOG 22 
OE"IOG 23 
I"l::HOG '" OEMOG 25 
()EP"IOG ~ó 

"r.-'10G 27 
OEHOG 28 
OEMor; 2. 
nEII40G 30 
I')EMOG 31 
OPIOG 32 
~!:"'Oo; 13 
OEMOG 3. 
OSHOG 35 
OEMOG ló 
OEMOG 37 
OEHOG " !lEMOG 39 
[)E140G 'O 
OE~OG. ., 
I"iEHOG '2 
r}EMOG '3 
[)::HOG .. 
fJE:HOI3 .5 
OEHOG '€o 
OE"'OG .7 
nC;:HOG '8 
IlEHOG .. 



r. 
e 

e 
e 
e 

e 
e 

e 

r¡ATA 
nATA 
r,ATA 
'lATA 
r¡ATA 
DATA 
nATA 
DAH 
!JATA 
'lATA 
1)""11 
ntlTf¡ 
IlAT/I. 
lAU 
OATtl 
JA TA 
i)AH 
D A TI!. 

~M~llQ,nIF~q,<~1 ~.,1.,~/ 

I/IIoLll "o, o~::;;, ot):" 0::.3, o"', .7f:1 
..¡tl.l .... lt ~., 03, .1;, .7, .~, .AI:; 1 
I/"L21 oH." 017, olJ, oA~6, 0,)1.01, 0'l2CJ/ 
VII,L"?/ .7, 01.>, .".'\, .:1':7, .~32, .J22 1 
vnt"1/ 0.:.1i, .1 ... , o ó, •. :t.., .':'2~f .~181 

1/6l~'/ 0~5, .:Q, .ut..7, .~2"', 0012, .011 
VAL4(U,II~l:'(2)/ .~ ... , ".I,VAlS(1I,V.AL5(2'/ 1.33,1.01 
VAL"'/ .• , ..... 3, 1., l.?' 
VA'J/ 1~F,7., 1[58 0 , lJSt..., 1117., 1:;"'-6., 1629.,2089 •• 2'34;.1 
\1~l~/ o~e~~, 1.(~7, 1.3L~7, 1.ór:~11 

'1ALg , .l1n,.13?,.lS"'!,.11)8,.17,.162,.131,.11! I 
~Q~,~lllos~,Tnp,~. / 013, .5, 88~~GJ~.1 
r,O~T~T,COSTF~ / ~.5, J./ 
"'~::I')T,"':;¡E1~1 .5:', .5'- I 
T!')·~!;";:" / 1.~S / 
~~~1,~~l2,n-lj,nEL23 /3""1., 5. I 
Y"IAT,V:1!lM I 5?5., 1?5~. , 

p'~,::·nrLTTY IIoNn "'II.STITIS - NU .... ~.::f<S 

FINFT = (PFINFT"'(PFPT-OT"'(OFPT~RFOUT2~3lHAST) )-SLINFT·OT+ 
1 Ol- (r' 8l"":; • 1 :o ~ DIFNUl ,. ( (PF PT ... op· (OFPl+ I<.FOUT 2~SLI1"S f) • 

11 • .;'" "FI ~'!:"T» ~nT. (PFOUTi-RFPlr-SLF€I:!:T)) ) 
=F o:"MA~p· (PFPT - nT'" (Oo:"pT + PF('I U T2 ~St. INFT) ) -Sl 1'1 A. ST·OT + (1. Q­

P~TAF1)·~T"'C.l~ ... ~.~~·{(DFPT-DT·(OFPT.PFOUT2+SLrNFTI4 
(t.~ ... ~F~~ST),~nT·{qFOUTl-RFPTT-SLF~RT') 

Tf(T.lT.T~OO)r,0 T~ 2: 

2 
TFf'1AST 

1 

o:"INfl'1 = (?Fl~FM·{PFFM-DT·(~FPM+RFOUM2~SLHASM)}-SLINF~""OT+ 
1 ~T·(C~~·~.1~~~IFN'J~'·«PFPM-DT"'(OfP~~RFOUM2+SLHASMI· 

? (l.~-~FI~F~)'~DT·(q~lU~l ... RFPIM-SLFERM))) 
TFMAs~ = PF~!S~·fQFP~-OT·(1FDM~RFOUM2~5LI~FM»"'SL~~SM·OT+(1.1-

t P Q,T /lo F '"1) -I)T'" ¡,; • 113"" Ci. r:' ~"" ( (PF P~-I) 1"' (nFP"'+ f'o:"OU:12+t;lI NFt-o "" 
~ (l. :- ... PF'H"S'1)) ~i)T"" (RFOU·11-P.FPTt1.-SLF~PM)' 

~FOUPTl = ~FJUT1-qFOUT1"'{O~lTl~PSFGT+PP~GTT}·OT 
';)FGT = I=IFGi +I)"P P'.o:"i ... ~ ~L 11 ·~FGT· <:;L S F('~T ... ~Fr.TT ... pFOUPl U 
~fOUPT2 = I:!:FOUT2-~FOUT?""{n~LT~~D~fPT~PPFPTT)-nT 
0FPT = ~~PT+1T"",~FOUPT1-~RLT2·PFPT-SL~FPT ... RFPTT-~FOUPT2} 
~LOFT ~ (~FüUPT~-SalDFT-nR~T?"'OLOFT)·OT+OLOFT 
~MOUPTl = ~~'UT1-~~O~Tl·(D~lTl~PS~GT+PP~GTT'·~T 
PMGT = D~GT~,T""C'~T ... ~RlTl·P~~T ... SlSHGT·~~GTT-RMOUPTl' 
~MOuoT2 = R~OUr2 ... o~OuT2·{ORl12+?SMPT+oPMPTT)+DT 
P~PT = ~~PT~OT-(~~OUPT1-D~lT2""P~PT-SlSMPT-RMPTT-R~OUPT2) 

tF(T.LT.T~OQ)Gn T~ 4~ 

RFOUP"11 = "'F()IJ~1·o.~OUM1"" (ORLM1+PSFGH+PPFGTM,·DT 
O~G~ = PF~~~nT-(~~"1-u~lM1·PFG~-~lSFGM-RFGTM-RFOUP~1) 
~FOuo .... 2 = qFJ'IH? ... ~FOU~2"'(ORlM2+PS~PH+PPFPTM'·OT 
PFPM = PFP"'~DT· C::;FI')UI-'Hl"'O P lM2,,"cFPM-SLSFPM"fiFPTM ... QFOU P,",2' 
OLOF~ = (~FOUP~2·S1lDF~-~RLM2·0LOFM)·OT~Ol~FM 
~MOUPMl = K~~UM1-~~OU~1·{D~L~1+PSMGM+PPHGTM)""nT 
PMG~ = CMGM+JT·(O~~ ... 1~LMI-OM~M-SLSMGM ... ~~GTH ... RMtUP"1) 
P~I')UP"12 -= ·~~'OIJ~2-h,'10U'1? ("'~L~2"';:'SMPM ... PP",PT") ·1)1 
p t'I~M = ::t~ o.., ~n T· ( .\i'1"":1 ~J PM 1 ... 1') R.~ ~2.P"Pi1"'SLSM ?H"'fi:HPT M- RHOUP!1h 

,+j r:ONTI~!J-:-

DEI1DG 50 
oe"loG 51 
OE"'OG 52 
OE"'OG 53 
DEHOG '" DEHDG ;5 
OE"OG 5& 
OEHOG ;7 
DEHOG ,. 
tn:"OG .. 
{)EMQú ó~ 
DEMOG " OEMOG ÓZ 
OEMOG &3 
OE'101j ... 
OEMO~ .5 
OE"",OG -06 
OEMOG "7 
OEMOG &0 
OEMOG 70 
!JEHOG 71 
OEMOG 7Z 
IlE140G 73 
OI!I10G 1~ 
IJEHOG 75 
OEMOG 7. 
OEHOG 77 
DEMO.G 78 
IlEMOG 70 
\1EMOG 8G 
OE"'OG 81 
TJEMOG .Z 
OEMOG '3 
OEMOG •• 
'lEMOG 85 
OE"'06 '" OE"IlG 87 
OEMOG 58 
DEHOr. .~ 

I)~"'OG >0 
~EMOG 91 
OEI10G 9~ 
DEMOG ~3 
OEMClG 9~ 
DEMOG 95 
OEH(!!; '6 
OEMOG 91 
OEHOG ~. 
OEHOG ~. 

DEMOG 100 
OEHOG 101 
lIEHOG 10Z 
DEHDG 103 
OEHOG la. 
BEH()G 105 
DEHOG 10& 
OEHDG 107 
'lEHOG loe 
DEHOG la. 
OEHOG 110 
DEHOG·. 111 



e 
e 

e 
e 
e 

TOT~lS - TRAOITIONAL A~O ~ODtRN 

0Fel : ~For~OLnFT 

?FT = ~~GT~~FDT+Ol)FT 
DMT = DiGH·0'1PT 
T090~T ~ PFT+P~T 
'3P'~GT r:.,:'GT /TODOPT 
~D,:'GT :: PFr,T/TOP~PT 

0PHGT :: 0MGT/TOPQPT 
P~~PT :: P~PT/TOPOPT 
0FCM = DFPM+OL~~M 
PFH = oFr,M+PFPH+OLaFM 
PM.., :: P"1GM+P~Pal! 

TOPOP'" = PFH+PHM 
¡:¡PFGH :: P¡:-GMfTOPOP-f 
DPFCH = 0F'::M/TOPOPM 
PPMGH = QM~M/TOPOP~ 
PPMDM = PHPH/TOPOP~ 
TOPOP~ TOPQPT+TOPOPM 
VAC.Pl = pap·(C227·(PFGT.C2i2·oFG~)+C22?'(PFPT+C212·p¡:-°Hl+C2~~· 

1 (OLOFT+C212.0LDFH)+C228.{P~GT+G212.PHGM)+C22~.(PHPT+C212-
? PHP"'), 

TFeT.GT.TMon, ~UXL12 = AUXL12+(~UX12-AUXL12).OTJPEL23 
AUX12 = (C227·PFGT+r,22~·PFPT+C224·0LDFT+r.228.F~GT+C225·P~PTI·C 2~OI 

1 TTGLP 
IF(T.EQ.TMQO' aUXL12 = AUx12 

T~TaL DIGESTIBLE NIJTRIENT$ 

TON~T = TDNT/TOPOPT 
TO~¿~T = TONT.~QE~T 
°ANT = T1?JoT-T~~E~T 
?Al T = ;)~~J'" 
TF(T.LT.T~O)GO 10 45 
IF(TOP9~M.LE.J.)~O ro 42 
TONtlH = TrWM/TOPOP'1 
GO Tn 4 ~ 

!t~ '!'nN~"1 = J. 
43 TOP~~~ = TnNM.N~E~~ 

PANM = TOPOPH-TOP~~~ 
0A!'" :: 0/1"4"" 

!t; CO NTI"1U~ 

I"4f:RTILITY ANO ~ASTtTIS .. PROPORTtON~ 

~FINFT = ~rNFT/PFPT 

~FMAST = T~~4Sr,PF'T 
~MAST = P~OT.PFMAST.(l.-PFI~FT' 
~~RT = 0FPT-~M_ST-~INFT 
01 FNIIT = r:: :no + _MtNi (~231 .. [:23 0, (C 2 31-C 230) .t: xP (-eT 2 J2. (10", A T-

t "'::?31}f, 
TF(T.LT.T~OJ)GO TO 5G 
IF(PFoM.LE.~.'GO TJ 47 
~FINF~ = ~INF~/PFPM 

oF~AS.1 = T~M~SM'P~PM 
"0 ro <+1\ 

\7 PFliF~ = °F~~S~ = J. 
4" I=MAC::M = pr=-PM+PFMf!,SM+U.-PFINFM' 

~~hM = PFPM-F~A~~-FINFM 
TF(TOOOOM.GT.ü.,Pt~NU~ : C230+AHIN1(C231-C230, (C231-C23~). 

1 EXP(-CM232.(TO~A"-CZ33)" 

I}EMO"; 112 
O~MnG 113 
"EMOG 114 
I')~"'or; "S 
n~IofOG 1.11; 
'lEMOG 111 
O~IoIo~ '" OE'10G 119 
D~'10G 120 
~E"10G 121 
'1("tOG 122 
IJE "1 OG '23 
QE!1DG 120 
I)~"'OG 125 
rEMOG 126 
OEIoIOG '21 
n~'10G 12' 
OEMOr; 12q 
OE'10G 13J 
r'lE"10G 13' 
'}~MOG '32 
DEMOIj 133 
DEMQG 13" 
1'JE"10G 135 
IJEMOG 13& 
'Jf.:10G 131 
"~i'10S ''O 
!JEHQG lB 
OEHOt; 140 
r"j~MOG 141 
OE'10G 142 
!"!E",or; '.3 
OE"'OG , ... 
O~MO"; 145 
DE"IOG 146 
r'lEIoIOG 147 
IJt:.:MOG '"' !lE '10r; ,-. 
1)EMOG 15' 
JEHOG 1St 
D="10G 1>2 
I)E"10G 153 
OE!I10G '54 
1"IE"10G 155 
!)E:~OG 156 
'Jt:HOG ,<1 
"E",O~ 1:;' 
1)="'0(; t~9 
OE"10G '60 
OEIofOG 1';1 
OEMOG 1~2 
rlEHOG 163 
'lEMO!; ,&. 
OE'HOG '55 
I)EI10G 166 
OEMOG 151 
OE"OG ló B 
I'lEHOG '69 
0-:: Ht'G 110 
OEHOG 111 
nEHOG 17Z 



e 
e 
e 

e 
e 

371 

TACAn = T-TDO 
ATnaTT = ~~T.n~~Xl(·1.-Clqe·EXP(-Clq9·TACAO), el4l) 
l\ lA!:!"'" = !':IFM 
ATAR = AT/I,"TT+Q,H R"IT 
erAST -= p~OUT1·PG~T9T.OT+DCTA~T.(PFPT-~FOUll.DT' 
erABM = C~FOUM1.P~FTRM-RFPTM.DCTaaT).OT+PCTaBH.(PFP~-(~fOU~1-

1 RF'?'T~) "('oT) 
~TA~ = A~IN1(CT~9T+CTA~M, ~FPT+pFPN) 

rF(PFP~.LE.~.)~O T~ 62 
PCTAR"1 -= CH.:::tt·'I/t'ep"l 
r.o TO F;~ 

"2 peTA 0" = .,. 
~1 PCTA~T = GTAQr,oFPT 

IF{DF~~.Lr.c.'~O " ~5 
PGFPtl1 -= {( A fA ~~H~DFr; TI'1 "~r;FTbTJ "OT +¡:O~FT:1M· (PFGt',- (8FM-~FGTM' ""l"ITJ ) I 

1;0 "0 E:~ 
.;~ Pf,FTel'1 Q. 
~~ DGFT3T = (AT~!:lTT·QT+PGFT"T"(PFGT-ilFT·DT)"PFGT 

EXPOS = EXDD~+OT·~KD8FT 
EXP,\cT = !l. 
IF(T.~E.Tryn'~XPAFT=Ta~LIE(VAL8,SMALL8,8IFF8t~~.T' 
~TaFT = AMTN1{~XDl\FT/COSTFT,TOPDPT) 
ATAfPT = tTODQ?'T-A.'A.FT)""'t'lAX1tl.-C2'l1)4E'(P(-C21l14 'UClltH, C244' 
ATArTT = ATAFT+AT~~PT 
ATAF = I/I¡TAC'TH·TOP'JDHl-C2~3 

PATAFT = ATAFTT/TQPOPT 
IF n .G¿. TOI) PA lA,,' = (A lA FU +AU,Bn 4 U.-P.'. FT)) IT OPOPT 

e 
e AOJUSTMENT or INT!!=.:~ME.[)IATE RAfES 
e 

RCHN~T = 1.-(~~lTt.PSFGT+PPFGTT)·nT 
~CHNGM = 1.-fORlMl+PSFGH+PPFGTH)40T 
~o 100 I=l,KG~OF 
RINTFT1(I) = RINTFT1(I)·RCHNGT 
~INTFI11 (1) = RTNTFM1( I) -RCHNGI1 

iJiJ CONT I"lUE 
~CHNGT = 1.-{ORLTZ.PSFPT+PPFPTT)·OT 
RCHNG~ = 1.-(O~LI12+P5FPH+PPFPTM'-DT 
DO lio· 1=1, KOROOF 
RINTFT2(I) = RINTFT2f!,·RCHNGT 
RINTF~2(I' = RINTF~2(r)·RC~NGM 

12J r.ONTINUE 
RCHNGT = 1.-(ORLT1+PSMGT+PPHGTT)·OT 
~LHNG~ = 1.-(ORlMl+?SI1GM+PPHCTI1'·"T 
no 140 l=l,I(r.°OM 
RINTMT1(I) = PINT~Tl(I)·RCHNGT 
PI~THMll!) = PINTMI1U!)·RCHNGM 

11+) CONTINU!=" 
RCHNGT = 1.-(ryolT2+PSMDT+PPMPTT)·DT 
RCHNGM = 1.-fO~LH~.PS"PH+PPMPTMI·OT 
00 160 r=ltKPRon~ 
RINTMT2(I) = RINTHT?tI)·RCHNGT 
~INTM~2Cl) : ~IN1~M2(I).R~HNGM 

OEMOr, '73 
OE"'O~ 17' 
f'F-MOG 17, 
O~MOG 17& 
OEMOG 177 
nE"'OG 118 
no,nG ,,. 
OEMOG '" 'lEMOG '6' 
OEHOG 16' 
IJE1I!OG '03 
0;:1106 16' 
OEMOG 1!t5 
DEMOG '8& 
OEHOG 187 
DEMOG 188 
IJE"40G 189 
'lEMOG 190 
DEMOG 191 
DEHOG 19' 
I)E~OG 193 
DEMOG 19' 
DEMOG 19. 
DEMOG 19& 
!JEMOG 197 
OEMOG 19' 
I')lE "'10 G 199 
OEI10G 2JO 
OEMOG 201 
IJEIIIIOG 202 
!)E~OG 2~ 3 
DEHOG 2Q&t-
OE"'OG 205 
OEI106 20. 
OE"OG 2a1 
OEI10G 2,. 
nEHOG 209 
OEMOG 'lO 
DEMOS 211 
OEHOG 21"2 
~E"OG 213 
OE.oG 2" 
IJEI10G 215 
OEMOG 2'. 
OEMOG 217 
OEMOG 21' 
OEMOG 219 
DE.OG 220 
OEI10G 22' 
OEI10G 222 
DEMOG 223 
nEMOG 22' 
OEHOG 225 
OEMaG Z2e. 
DEMOG' 227 
"EMOG 228 
OEHOG 229 
OEHOG 230 
!lEHOG 231 
OEHOG 232 
OEHOG 233 



e 

lt;~ ~"'IHt~ly:' 

CllL D:~~TlnrT. ~~JUT1. ~l~Trll, OG~OF, r01F1, or, Ku~OF, 
r.~LL ~~L~T(~~~VPT1, P~OUf2, ~lNTFTZ, D~~OOF. IOTFZ, or, KP~01~1 
C~t.l f1::"l"Yft:P1r, ~~"10UTl, RrN7~T1, DGROfot, rOTH1, Dl, t(G~OM' 
C'.LL "I~U)T(q"'OJPT1, ,MnUTl, ~INrHTZ, í)P~OOH. 1DTH2, 01, I(Pt,1;OflH) 
TFCT.LT~T~nJIGO rn 18) 
~T~~ ~(TON~-T~~~P"~T 

"-!:,a,i\ = PT)·J+.:a~·T00\"lPM· CTONIM .. TnNREQ)) ITONPEO 
TODO"T! ':1: D~GT ... Fc~T+P'1T 
~FGTT ':1: ~,a,A.~F~T/TODOPTl 

~FPTl : o,a,4.F~'T/TOPOPT1 
OHGTT o~a.PMr.T/TOPOPT1 

~HglT = P4a-PMPT/TOoOPTl 
':?FG1>A = _"'F&11 
"!~~T!'" = _~t:'~TT 
O'I"t1;TM = ",'~r:;¡T 
~",P"'''4 = _Z'"U)TT 
PPFGTT = PFG;T/D~GT 
OPFPTT = P~PTT/P~PT 
PPMGTT : ~"4GTT/?~~T 

PPMPT! = ~MPTT/F~DT 
PPFGT1 = RFGTM/P~G~ 
rF(PFGM.LE.C.1PP~GT~ = O, 
0PFoT"! ':1: o¡:'0TM/CI~P'1 

!FCOf'''4.L¿.J.IPP~OT~ = G. 
"'PMGT:1 = "11t:T'1/PMG'1 
I~(P~t1.Lf.:.1DOM~TM = o. 
PP"'PT"! ':1: ~"'!)TI1/P""P14 

IF(O~?~.t.E.~.IP~MPT~ = 0, 
TF(PFGH .Gf.~ •• A~O.~IN,rMl(l'.E~.O.'GO TO 170 
r-.llLL !l:::Lt:'T(~~M, 0.FO'IM1, ~lNTF"l, nGRI"JF, IOlF1, (n, '(GROn 
C~LL 1~t~T(RFOug~1, OFOUH2, ~INTFM2. OPROOF, IOlF2, 01, KPRO~F) 
:::ALt. 1JE.l!'ll(Q'lM, ~Hou""i:' RINTH"fl, OGRO", 10TM1, al, KGfWl'U 
~ALk nELPT(~~OUDMl, R~OUH2, RINTMM2, OP~OOh, 10TH2, Of, KPRODM' 
GO TO 1~C 

17J "10 172 I=l,K~DOF 
~INTF~1(T) = Pfr.~/(aGROF.IOTF1' 

1 7? "O~TT~llJ: 

~FOU~l = 0FG~/nr.por 
no 174 I=l,KPD~"~ 
~lNTFMZ(I' ~ Pr.PM/(OPROOF.IOT~2' 

174 ~ONl TNU:: 
~FOU~2 = PFPH/DP~onF 
~c 11S I=l,KGROM 
:?INTM11{ll = PMGM/(')Gi{OH"'rOTMU 

t 7'; ~ONTTNI,-:' 

°MOU~l = P~G~/1GRO~ 
ryO 1?~ t=l,KPROO~ 

~I~THiI12' tI) = P"fPM/(I)PR00I1.10T"IZ) 
1"',\ ~ONTI~rr:: 

~MOU~~ = P~P~/~p~OJ~ 
1 'J I";ONTr~ll,: 

r: ~IRT; ClATES ANO AIP.THS ... TRAOlTIONAL 

~~ANGT = TAqLIS(V4~4. SHALL4, OIFF~. K~. peTaST) 
~FT2 = qoT~t~T/n~Ll·(BRT~BRTZ} 
~~T = T4~LIc(V~Ll, SM~Lll, OIFF1, W1, T~N.T. 
~~LT2 = nDTZ·(l.-:~~~GT) 
gAT = q~l T?·F~"r 
1FT = • C;.D/I,T 

I'1I!"'Or. 
..,EI'10r; 
IJEMOG 
I')E"IOG 
OE filiO r, 
"'::"10G 
OfMOG 
r:¡':"'OG 
~w, 

CW1 
CW? 
cw1 
e.7 
OElior; 
IJEMOG 
~E"'OG 
I)EHOr; 
e •• 
c •• C., 
C.O 
CW8 
{EHOG 
~ .. 
'lr:!"'O-; e., 
Or:!"'OG C., 
OEMOG 
n~HOG 

OEHOG 
TlEMOG 
OC!HOG 
OE"'OG 
Ilt:HOG 
DF.HOG 
flEMOG 
DEHOG 
DE"OG 
OEHOG 
OE"OG 
DEMOG 
DEMOG 
I)E",OG 
OEMOG 
OEHOG 
IlEMOG 
'EMOG 
'EMOG 
OEMOG 
~E"OG 
OEHOG 
OE",OG 
"E"'OG 
'E"OG 
OEMOG 
"'ElltOG 
~EHOG 
OElltOG 
nE''''OG 
'lflltOG 

:"'" 
~::¡5 

::!1& 
~31 .,. 
?Jq 
lltQ 

2'1 
2 
J 

• 
5 
6 

,"o 
2.1 
!It~ 

2 •• 
1 
2 
3 
4 
~ 

?;5 
~ 

2:;7 
r 

250 , 
~61 

ZS2 
253 
2ó!t 
205 
2&. 
'&7 
2&. 
?óq 
270 
271 
!7Z 
2" 
274 
275 
~76 

277 
270 
~1<) 

zal 
2" 
?~Z 

283 
lO' 
~a5 

2'6 
207 
~~8 
209 
290 
211 
212 
201 



e 
e 
e 

e 
e 
e 

e 
e 
e 

e 
e 
e 
c, 
e 

~HT ~ RA-T ... Il!=': 
~8T = A?T?·C~A~~T 

373 

BI~T~ RAT~~ ANO Bl~THS - MOOERN 

rF(T.LT.T~OO)GO TO 21C 
~PANG~ = TABLI~(V~L~, SH~LL4, 01FF4, K~, PCTAa~, 
BRM2 = ~R'42'+I)T/n'::Ll.(B~M-R~}"2) 
TF(TOPOPH.GT.G.)8~~=TA~llE(VALH1,SHAlLM1,DIFFM1,KH1,T~~AM) 
~PlH2 = cOH2·(1._~3~NGM) 
~"" ~'~L","·FE"~'" 
qFM = • ?+n!\", 
>'IH'" ,.. A!\M_~¡:'''1 

CAM = ~PM2.r~ANG~ 
2t..i r;ÜNTt~UE 

DEAT~ Q~TES ANO OEATHS - TRlDITIONAL 

ORAT = TA~LI~(VAL5, SHAlL5, 01FF5, K5, PATAFT' 
nPTt ~PT1+0T/~~L2·(O~GT-~PT1) 

~KT2 JPT2+0T/O~ll·(DPPT-n~T~) 

QPGT = TA~L1EtVAL2, ~MALl2, DIFF2, K2. TÜNAT) 
DRPT TA~Ll¿IV4L3, SHAlL3, 01FF3, K3, TONAl) 
ORLTl = ORTl·0~aT 
nRlT2 = OPT?·n~AT 
OFGT = PFGT-nRLTl 
~FPT = PFoT·~oLT2 
nOLOFT = OLnFT·D~LT2 
OMGT = PMGT·~~LTi 
nHPT = PMPP".r:,RL T2 
1Q1HS1 = DFGi+OFPi+DMGi.OMPi+OQlOFl 
ORT = TOT~ST/Tooopr 

nE4T~ RATt~ ANO DE~THS - MODERN 

lF(T.LT.TMOOIGO 10 2&l 
ORAM : TABLIE(VALS, S~ALL5, DIFFS, K5, PATAF~) 
I)0M1 = nRM1 +rT/n::L2· WRGt'I-f'tRM1) 
DRH2 : DQM2 +OT/O::L3·(ORPM-OR~2} 

!F(iOPOP~.Gi.C.\OR~~=T~aLIE(VAL12,~~ALL~2tCIFFM2,K~2.TDMAM} 
IF(TOPOOM.GT.~.}D~PM=TA8LIE(VALM3,SMALlM3,PIFFM3,~M3,TONA"» 
O~LH1 ; nRH1·D~AM 

IlPLH2 = f'tQ~?n~A~ 
I'lFGM = 0F(.M·OQLM1 
nFPM = oFP",·nRlH2 
nOLOF~ : OLOFM·ORL~2 
DHGw = PMG~.D~LM1 
~HPH = PMPM·ORLM2 
TOTHSM = OFGM+DFPH+OMGM+DHPM+OOLn~M 
IF(TOPOPH.LE.O.'GO T~ 258 
ORH = TOTHSH/TOPOP'1 
GO TO 2!:10 

~~~ 'lpM = O. 
2&1 ~ONTI .. U~ 

SAL~S - TRAOITIONAL 

OLa FEMlLES 

~P1 = P~AT··~LAST1·PRSITl 
PPEST1 = a~IN1(A~XT1, A"AX1(BMNT1, BP1)' 

OE",or; 
I'l~HOI',; 
T1E"fO(; 
OE",OG 
0::1'10(; 
'JEHOG 
DEMOG 
DEI10G 
OEMOG 
a~110G 
OEI10G 
OEMOG 
OEMOG 
OEfi10G 
OEMOG 
OEHOG 
DEMOS 
OEMOG 
OE~OG 
OEMOG 
OE!10G 
n~MOG 

I)EHOG 
OEMOG 
IJEMOS 
OE~OG 
OE~OG 
OEMOG 
r)EMOG 
OEHOG 
m:: "10 G 
0E110~ 
OEI10r; 
DEMOG 
OE",05 
nEMOG 
OEMOG 
OEMOG 
IJEMOG 
aEMOG 
!JEMOG 
iJEMOG 
OE"O~ 
nEHOG 
DEMOS 
DE"OG 
DE"OG 
OE"'OG 
OEHOG 
OEHOG 
IlE~OG 
OEHOG 
OEHOG 
OE"OG 
OEHOG 
DEMOG 
OEHOG 
DEHOS. 
OEHOG 
nE"fOG 
OEHOG 

29. 
215 
21:16 
2'H 
2" 
29. 
lOO 
3Ji 
"2 
J03 
lO. 
305 ". 
301 ". 30. 
310 
311 
312 
313 
31. 

"' Ji. 
311 ". 31) 
320 
321 
322 
323 
32. 
325 
326 
327 
32. 
3?Q 
130 
331 
332 
333 
33. 
335 
336 
337 
33. 
339 
300 
3'1 
3'2 
3'3 
3'. 
3.5 
346 
3H 
3 •• 
J4q 
'$0 
351 
352 
353 
1;1¡. 



e 
e 
e 

e 
e 
e 

~ 
e 
e 

r. 
e 
e 

e 

e 

e 

APl : P~STt+C2D6+PANT/OLOFT 
PSFOT z A~IN1(AMXT1, AHAX1CAMNT1, ADtJ, 
~OLnFT ~ OLOF'+PSFOT 
PANT z PANT-SOLOFT 

INFERTTLE ANO .ASTITIS 

qPZ = P~AT··El.StZ·PRSIT2 
PREST2 = AMIN1(BMXT2, AMAX1(BHNT2, BPZ), 
4P2 = P~EST2+C2~7.P4NT/FINFT 
PSINFT = AHINltAMXT2, AHAX1(AHNT2, AP2" 
~lINFT = FINFT+PSINFT 
PANT = PANT-SLINFT 
BP3 = P~AT+.ELAST3·PRS!T3 
eREST3 = AMINlfBMXT3, AMAX1(8MNT3, BQ3,) 
&P3 = P~tST3+C246·PANT/FMAST 
0SM~~r = 4~IN1(AHXf3. ~MAXICAHNT3, AP3)) 
5lHAST = FHAST.PSM~ST 
PANT = PANT-SLHASf 

GRowING HALE~ 

QP4 = o~AT··ELAST4~PRSIT4 
PRE~T4 = A~IN1{B~XT4, AHAX1(BHNT4. BP4') 
~4 = P~E~T4+C2C~+PANT/PHGT 
PSMGf = AMIf.11 CAMXflt, AHAXi CAMNf4, AP4'} 
SL SHGT = PMGT+ps~r;T 
°ANT = PANT-~lSHGT 

Gq,:lWING"FEHAlES 

QP5 = P~AT •• ~LAST5.PRsrT5 
PR~~T5 = QHrNl(BMXT~, AHAX1(B~NT5, BP5), 
ftPS = PREST5+G2~9.P~NT/PFGT 
PSFGT = ~M!Nl(AMXT7, AHAX1(AHNT5, AP5») 
~LSFGT = PFGT-PSFGT 
PANT = P8NT-SLSFGT 

FER.TlLE FEMALES 

~P6 = P'AT··~LaST6-PRsrT6 
°REST5 = AMIN1(a~XT6. AMAX1(9HNT6, 9P6J, 
AP6 = PQ~ST6+C~1~·~ANT/FERT 
P~~EkT = AMr~l{A~XT~, AMAXlfAMNT&, AP&,) 
SLFERT = F~~T·PSFEq,T 
PA~T = PANT-SLF~RT 

PRJOUCING HALES 

1p7 = P~~T •• ¿lAST7.PRSIT7 
ePEST7 = AMIN1(8HXT7, AM~Xl(BMNT7, BP7), 
AP7 = PR~~T~+C211·eANT/PMPT 
°S~PT : A~IN1(A~XT7. AMAXICAHNT7, AP7') 
SlS~PT = PHPT.PS~PT 

MI5C:::LlANE'OUS 

Sl S~FT = ~M01JT2- C 1 .... (ORl T2+PSHPT+PPHPTT) .Drt 
~lSMLT = ~LS~CT+SLSHrT 
SlS~T = SlSHlT+SlSMGT" 
~LSCCT = SLINFT+Sl1AST -

!JEMOI; 
!)~MOo; 

')EMOr, 
r"JEMOG 
I"lE"'Or; 
nOtaG 
O~"10G 

t)!:1'1or; 
DEI10G 
DEMOr. 
Or:'10'; 
DE"tOG 
DE'10G 
I)EI10G 
OEt10G 
De:MOG 
I)EMOG 
OEMOr; 
~MOG 

OEI10"; 
DEMOr. 
IJEMOG 
CEI10G 
CS"tOG 
DE"'OG 
'1¿ MOe; 
0EMOG 
"E"'OG 
1JC:"10G 
IJE "1 OG 
OE'10G 
f)EMQG 
I)EMOG 
OE"tOG 
fJE/fOf; 
IJEMOG 
nEMOG 
lEMOG 
OEMOG 
OE~OG 
OEMaG 
DEMOG 
IlEMOG 
OE~OG 
[)E"tOG 
OEMOG 
OEMOG 
OEt10G 
OEMOG 
OE,",OG 
OEt10G 
OE"OG 
OE~OG 
nE~OG 
OEMOG 
OEMOG 
OEMOG 
tl!:MOG 
OEMOG 
OE~OG 
OE~OG 

3:; I:t 
35. 
15' 
lS' 
15q 

"0 

'" '" "l 'Ó. 
Jó5 
366 
l67 
35" 
lo. 
170 
371 
372 
173 

''" 375 
17. 
377 

'" '79 
38(\ 

'" "2 
191 
3'14 
BS 
3% 

'" lBS 
119 
Ha 
J91 
392 
19J 
Jo. 
JO; 

". 
397 
19. 

'99 
400 
401 
402 
401 
40' 
405 
'05 
.~7 

'08 '0. 
",o 
411 
1t12 
.\ 3 
"4 
4\5 



375 

~ls~pr ~ SL~G~T+SL~~~T OE"OIj 01~ 
0SFPT ~ SlS~PT/PFPT llE""OG 011 
~E~SCT : SL~CCT+SOlaFT+Cl14.SlFS~T+C215.SlS~GT O[",OG Ol' 
SlSFT : SlSFPT+SOlO~T+$l~FGT DE"'Or; 01' 
SlST ~ Sl~FT+SLS~T 1)["01; Ola 
Sl~PTP = SLSPT,TTGL~ OEMOG O~l 
SlSPT (SlSCCT+SOLDFT'·~2Z4+SLSMPl·C2Z~+SlSHF1+SLFEPT·C~2~. OEMOG on 

1 SL~FGT·r,227+~LS~r.T·C?2A DE"O~ .H 
e OEMOG >lO 
e SALES .. MOI'JroN OEMOG 'lS 

IF(T,~T.'~on'G' T1 &0 I1E"OG Ol& 
e I'JE"OG oH 
e I')LJ FCE:"'AlES OE.OG >ll 
e IlE"OG >l. 

BM1 = P~AT.·ELa~Ml·PRSIMl OE"OG ol3 
PPESMl = ~~I~l(~~X~l, AMAX1(St1NH1, ~Ml) , OE"OG >31 
AI'11 = P~.E'S!11~C t''J 6-PAt4,'1/0LOFI" !lEMOG >H 
PSFOH = .HIN1(.MX~1. AI"IAXllA"'N!'tl, AH11' OEMOG >1' 
SOlOFH z OLOfH.PSFO~ O["OG >l> 
PAN"" = P~NH-SOL"F~ DEfIIlO!; .H 

e OEMOG .l~ 
e INFERTIlE ANO M4STITIS OEMOG >31 
e I)[MQG >38 

qH2 = P~AT··~lA~~~·PRST"~ ~E"OG .30 
PP.ESM~ : D.lllfnUC8H'If'1Z, AMAXU8MNM2, 8M2U ~MOG .'0 
."2 a P~ES~2+C2D7·PAN"/FIN~M IlEP'tO¡; "1 
PSINFH : AHtM1(A"'If~Z, I1I1AX1(AHNH2, AHZ" OEMOG •• l 
SllNFH : FINF~.PSINFM OE"OG .. 3 
DAN!II! ., PAN"' ... SLINF'4 "E MOIi lo •• 
9M3 a P~.T •• ~lASM3·~kSI"3 DE"OG »S 
PRES""3 : .H!N1(BMX~3, AMAXltSHN"3, 9M3)) OE"OG "6 
AM1 : P~~~H3+C2~6·PANH~HASH OE"OG »7 
PSMAS", ~ AHIN1CAMXH3, AHAXH AMMM3, AM3" OE"OG ... 
SlHASM • FMAS".PSH~SM OEMOG >.9 
PAN" : PANH-SLHA~H [)EP10G .50 

e M:MOG >H 
e GROWING M'LE~ DEMOG ,..52-
e IlEMOG lo" 8"4 • P~AT.·ELlSH~.PRSIH~ OEMOG loS> 

PRES"~ • A"tNICBMK~~, AMAxtc"MNH,.. BMCt, , O€"OG >" 
1...,4 ~ PRESH~+C2~ 8 .pANt1'PMGH O€"OG "'6 PSHGH =·A"INI(AHXH~, 4"'AX1 (1"""4. AH.,I O€MOG .57 
~L'"GH • P~GH·PS~G~ O€"OG .58 
PAN" : PANM-SLSHGM OE.aG .. S9 

e OE"O& .. 61 
e GROWINr. FEMALES OEMO& '61 e IIt:"OG "H 

9H' • PRAr.-EL'SH'·PR~T~ OEMO& .. 63 
I)RE~H" ~ .I1tN1 (B.rU'1S, AH,I,X1(SI1NMS, 8"'" OEMO& .. " AH5 • PRES~5+C2~q-PANM'PFGM OEMOG "65 
PSFGM • A "'IN1 (" M'X!1j , AHAX1U"'",H5, ,""5) , IlE"Qti .. 66 
SLSFG~ ~ PFGH-PSF~~ OEMO& >&7 
PAN" • PAN~-SLS~G~ O€MOG "68 

e OEMOG .&~ 
e n.~TILE' 'EMAlES ~EMOG .,0 
e MMOG '71 

8"' • PAAT-·ELAS",e.-PRSI"" MMOG .72 
PRESH~ ., ."tN1C8HX~6. 1"llC11 8'1N .. 6. 1IIt6J 1 M_ .1' 
AH6 • P~FSI16.C21"·P"NI1/"ER" MMOG .. 7 .. 
PS"ER~ • ANYN1C."W16. 'MIXI (I"N.16, IM611 arMOG .. " ~LFER~ s 'E~~-PSFE~~ O!MOG o" 



e 
e 
C 

C. 
C 
C 

C 
e 
e 
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P~OOUCINr. MAles 

AH1 • PQAT •• :l'SH14PK~T"7 
PRE5~1 ~ I~J~1(~MX~1, AM~Xt(9"N~7, 8H1" 
IH1 a P~f.~~7.C?11·~ANH/P~P~ 
0SHPH • ~HIN1(AHX~7, IMAV1 rAMNH7, ~~1,) 
SlS"II),.. • p"H'M·P~"'pt.t 

SLSMFr1 = R.'tOUH2· ( 1. - (QJ?LI'1Z+PSrtP'1+PPMPT H) .Ol) 
~LSML'" z SLSMPM+~L~MF'" 
SL_SH~ s SlSMlH+SLS'4GP' 
c:.'-LSCC~ = SLINFM+SLt1A$'1 
SLSFP,", = SL~C~H+~lFER~ 
IF(PFI)~.LE.Q.,GO ro 58 
PSFPf1 == SLSFClMIDFPI"I 
&0 ro ~q 

'H PSFP'1 s c. 
5:J FE'HSCI1 = SLSCC"'+:':;OLDFM+C~14.SLFERH+C215.SLSFG" 

FE"SC = F~MSCT+FEMse~ 
~lSFH = SLSFDM+SOLOFM+SlSFG~ 
SLSM ~ SLSFH+SLS~M 
TSlS = ")L ST+'SLSM 
StSPM = (~LSCCM+SOLOFH)4C22~+SLSHPM·CZZ;+SLSHFH+SLFERH.CZZ6+ 

1 SLSFGM 4 C2l7+SLSHGH·C2za 
!jl r.ONTtNU€ 

MIL.I( PROOUCTION 

PFLACT = q~li2~CT~~1 
1HT =CF€RT4(PATAFT+fl.-PATAFT)·.8Z+(1.-PATAFT'·.1S •• SSl).PFLACT. 

t CT?~2.VMAT·T4~EXE(V~ló •• 3t,.31.4,TnNAT' 
I)MCT = 'l~Tf(CTZ·~Z·21n.·PFlACT.FER.T' 
IF(HAL.LT.UGO Tr:'I .1'00 
PFLAC' = ~~LM2"'~M2~1 
D~~ z (~~~~·(PATA~M+(t.-PATAFHl·.82+(t.-PATAFH) •• t8 •• 85".P'La,". 

2 r.M2J2·YHA"·T~Bl~E(VALó,.31,.31.4,TO"A", 
r}MCM = f,)I"111 (~H2G 2 4 251l • ·PFlAC M"'FERH l 

')1] "':ONTIIIIU:: 

EXT RQCTION RATIO AND TOTAL SYPPLY 

SUPCT~ = SLS~CT+Sl~HLT+SOLOFT+CZ12·(SLSCCH+SLS~L"+SOlDF"'+CZ13· 
1 CTOTHST+TOTHSM'+C21.'CSLFERT+C21Z'SLFERM'+C21S'CSLSFGT' 
, C212·gL~F~~'+~216·(SLSHGT+CZ12·SLS"G~' 
~UP8H = ~uoCTA,TGl 
TOPOP~ = TODUKO"'EXP(r,Z11"'Tl 
SUflll:l = ~Ut>CT4+ TOP')¡:)K4TABL lE (VAlq, SH4L.L 9, rtIFF9, 1<9, AHooer. 7. , , 
TOPOP = TOI)OP~.TOP~PK 
EPS z SUP~/TOPOP 
¿RPT & ~~~T·6~LT~ITOP~PT·O~T 
~RT ~ 'SLS~T+SLS~T)/TOPOPT 
~~PH = ~~~~.q~L"2/TOPOPH~n~H 
EFH = (SLSF"+SLS~I1J'TOPOPH 
Oqo = ITDT~ST+TnTHSH)/TOPOPP 
E~P~ = (~E~T·qRLl?+FEqM·ARL"2)/TQPOP~-DR~ 
c:itR • ("iLST+~LSH) fTOPOP~ 
~p~ a ,~AT.9A",,(P~~T+FFP", 

OE-.or; '" ~EMOG ,,~ 

OEMOG .rO 
OE'",n~ .~O 

OEMOG '01 
n!:HOr. "S! 
D[MOG ~~] 

O[MOG .e, 
DEMOG ,.~ 

OEIIOG '~6 
OE~OG .. 7 
DEHOG ... 
nEMOG "9 
DEMOG .>m 
OEI101i 'H 
Il!:MOG ,.Z 
OE~OG "3 
OE"'OG ,~, 

n~MaG •• 5 
~EHOG ,06 
I}E~Ot; oH 
11t:!itOG .o. 
f)~ ,",OG 'H 
OEt.10G 5'::'0 
IjEltjOG 501 
rJEIIIlQG 5aZ 
nEMOG 513 
OEHDG 5~4 
OEHOG SO; 
D€HO~ 506 
DEMOG 507 
DEMOG 50e 
DEMOG 50. 
OEMOG 510 
IlEMOG Sl1 
D!:MOG 512 
DEIIOG 513 
!lE~OG 5H 
DEMOG 51S 
ClEMOG 516 
DEMOG 517 
DEMOG 515 
DEMOG SI. 
DEMOG 520 
DEMOG 521 
DEMOG 522 
DEMOG 5Z3 
OE~O!; 5H 
DEMOS 'J~5 

DEMOG 526 
DEMOG 527 
OEMOG 5Z. 
DEMOS 5Z. 
DEMOG 530 
DEMOG 53' 
DEMOG "n 
OEMOG 533 
DEMOG 51, 
1I!MOG S15 
DEMOG 536 
DEMOG H7 



e 
e 
e 
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CArTLE S~CTO~ pqlNTtNG 

IF np~I'l\fT. L T.l) R=T'J~H 

E'NT~Y C4TPC!T 
~PINT~~~.T,PFGT,FI~~T,F"AST,FE~T,PFPT,OLDFT,PFC1,P~GT,PHPT,TOPOPT 
ORINTQt) 4, SL ')FG T, S LltfFT ,SLMAST, SLFERT,S LSFPT, SO LDFT • F~'1SC T, SLSI1G T, 

t SlSMPT ,SL<:)T 
DPINT9u8,SLSCCT,SLSHFT,SlSHlT,SLSFT.SLS~T,SLSPT,SU?CT~,SUP9,SUOBH 
o~INTqlZ,BP1,B~Z,903,BP~tSP5,gP&,8P7,PPFGT,ooFCT 

PRINTq14,PR¿ST1,P~~ST2,PPEST3,QqEST4,PREST5,PREST6,P~EST1,PPMGT, 

1 PP"'PT 
PPINTQ1&,A Pt,A 02,A D 3,APc.,AP5,AP6,AP7,10 00PK,TOPOP 
P~TNT91"PSFOT,PSI~FT,PS"AST,PSHGT,PSFGT,P5FERTtPS"PT,PSFPT 
PPINT~Z~,.TAqTT,CTAdT,DGFT~T,PCTA8"ATAFT,ATAF~T,ATA~TT,PA'.FT, 

t E'lt'''DS 
PRINTq260,¿KT,EoPT,S~S,PFINFT,P~"AST.PIFNUT,TONAT,PA1T 
OPINT930,q~T,q~T,9~T,qPLT2,BPT~,C8ANGT,QHT,QHCT 

PRINT~3~,n~4T,ORT1,ORLT1,DRT2.0RLTZ,ORGT,DRPT,ORT 
TFCT.lT.T~~n)R~TUo~ 

ORINT~54,PFG~,FINF~,FHAS~,F~PH,OFPH.OL~FH,PFCM,PMGH,P~PH,TooryPH 
~RtNT~58,SLSFG~,~lINFH.SL"A~M,SlFER~,SLSFP",SOlOFM,FEHSC~,S~S~G~, 

1 SL~MP~,Sl~~ ~ 
~RINT~6?,TONA",PA1~,SLSCCM,SLS~FH,SLS"L",SLSFH,SLSM",SlSPH 
Fl'PI~T~61. RF'GTT, p.FarT', RMGTT, ,q,/'fPTT. RTDN, RAlA 
ORINl*5,POFGTT,~PFprT'PP"GTT.PPMPTT,PPFGT",PPFPTH,PPHGT",PPMPTM 
PRINT &,9"l,q~2,S~3,9H~,B"5,9H6,BH7,PPFGH,PPFC" 
DP.INTi ~,PR~SM1,P~~~~Z,PR~SHJ,P~¿SH4,PRESH5,PRES"6,O~SH7,PPMGM, 

t PP"'¡:"M 
PRINT91~,AM1,AM2,AH3,AH4,AM5,AH6,AH1 
PRINT17~,PSFOH,PSI~FM,PSHAS",PSHGH,PSFG~,PSFER",PS"PH,PSFPM 
P~INT98~,.T_BHT,CrA~H,PGFTqH,PCT.~~,PFI~F".PF"ASM,PI~~UH 
o~INT986,RF~,8MH;B~M,9RLH2,8RM2,C~ANGM,QH",aHCM 

ORIMT9~2, DRG~, OR."'1, no Ll1t, ORP"'. D~112, ORL H2, DRH,ER", ER.PM 
PRINTc¡qfi;, RQQo ,I)~~" =:R~, ERPI<., ATACJ;, AT4 F, TSLS, FEI1SC, T OPOPR 
~ETUqN 

J10 FOR~4T(35~1~UT'UT ]~ SUBROUTI~E OEHOG Al TIHE,F8.2/tHO,QX, 
1 ''tHprGT, ex, ;:-tFINrr, 7. ,5t-4Fr1AST, 7X ,ItHFERT, 6X, ftHPFPT, 8X. 
1 5HOLO~T,7X,~HPF~T,8X,~"PHGT,8X,'+"P"PT,ftX,6HTOPOPT/l"a,~x, 
3 1O(~11.It,lX') 

q" ~O~HATftHC,9x.~HSLS~GT,6X.6~SLINFT.6X,6HSL"AST,6X,6HSLFE~T,61(, 
1 ~HSLSFPT,~X.6HSOLOFT,&X,6HFEMSCT,6x,6HSLS"GT,61(,6HSLS"'PT, 
2 ~X,4HSLST/l~O,~X,lCCElt.~,11()) 

9;8 FO~friIIAT (lHo., 9X, 6t4SlSCCT ,6X,6HSlSHFT ,6X,6IofSlSML T ,6X, 
1 5~SLSFT,1X.~HSLS"T,7X, 5HSLSPT,1X,6HSUPCTA,6X, 
2 ~USuoB.8X,5~~UP8H/lHO,SX,9E12.ft) 

9tZ 'ORHATC1Ha,9x,lH~Pl,9X,3MBP2,9X,3H8P3,qX,3hBPft,9X,JHBPS,9X,3N8P6, 
1 9~.3HBo1,21X,SHPPFGT.1X.5HPPFCT/lHa,8x,7E12.4,12X,ZE12.4. 

9t't FO~MAT(lHO,9~,5HP~EST1,6X,6HP~EST2,6X,6HPRESll,6x,6HP~EST~,6X, 
t 6I-tPR.EST 5,6)(."", PIOIEST6, 6)( ,&HPREST 7,18 X, 5HPP"GT .7)(, 5~PPr1PT I 
! lHG,8X,7E1Z.~,12X,2~12.~) 

91; ~OR"ATCtHO,9X,3HAP1,9X,3HAPZ,9X,3HAP3,~X,3hAP~,9X,3t4lo~,9X,3HAP6, 
t 9x,3HAP7,lt(,6HTOPOP(,~1(,5HTOPOP/lHO,8X,7E12.~,12X,2El2.'+) 

918 t=O~MA T (lHC , q'(, 5HP S='OT ,7 X ,6HPS1NFT , 6X, 6HP'SHAS1, bX ,5HPSI1GT, 1X, 
1 ~HPSF'GT,7X,SHPSFERT,F,X,5HPSMPT.7X,5MPSFPT/lHO,~1(.8(El1.~, 

! 1X)) 
92~ ~O~"ATCIHO.~i6HAT'ATT,6X,5HCT4BT,1X,6HPGFTBT,6X,6HPCTA8T,&X, 

1 5HAT.FT,1X,6HAT.FoT,6x,6~ATAFTT,&X,6HPATAFT,6X,5H[XPOSI 

~ lH~,~X.gr.12.4' 
~Z5 FOR"AT(lHa,9X,3HE~T,qX,~HE~PT,SX,3HERS,qX,6HPFINFT,6X,6HPFHAST, 

1 óX ,I;HoIFNUT, r,x, 5HTO~AT, 7X, 4HPANT 11Hij ,6X ,SE12. It, 

fll!MO'; 5.Z 
(lENOe ,,3 
OE"'OG 5,' 
T)EWfO'; •• 5 
')EfriIIOG 566 
OI!"'OG .&' 
OENOG ~31J 

I"IEI10G '&9 
OEHOG 51~ 
1)e:~OG ;11 
OEI10G "Z 
~EHOG 573 
IJE"'Or; 57 .. 
'lEfriIIOG .75 
OEMOG 576 
'1EHO~ 577 
OEMOG 57S 
Or;:MOG 579 
nEMOG 5S0 
!)[MOG 583 
O!E:HOG 5 •• 
m:MOG 585 
!)!!MOG 5'6 
OEHOt; 5"' 
OEI10G ••• DE_OG '69 
OEHOG .90 
DEHOG H1 
DEMOG ~~! 

Oél101; 593 
DEHOG 5 .. 
DEMOG ;q5 
0E110t; 596 
DEMOG 5H 
DE"OG 5~' 
OEMOG 601 
DEMOS &0' 
OEMOG &05 
DEMOG 606 
DEMO. 6111 
DEMOG 608 
I)[MOG 609 
()EMOG HO 
OEMOG 611 
"EMOG 51Z 
DEMOG 613 
DEMOG 614 
D!:MOG 615 
OE"OI; 616 
arMOG 617 
arMOG 51' 
OEMOG ~19 
DEMOG ~ZO 
DEMOG 621 
0[110G 6~' 
DEMOG 6Z3 
IlEMOG 6Z' 
DEMOG 6Z5 
OE"'OG 6Z6 
OEMOG 627 
OEMOG ~Z. 
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~3J ~O~MAT(lHC,qX.3U~~T,9Xt3~B~T,qX.3HR~ltq.,SHR~LT2,7X.4HBqT2.~X, 
1 ~HC~ANGT ,f, 1(, 3Hl'l'''T ,QX,'--W'I'1CT 11H'; .qK. ME11''',l'U \ 

9'. ~O~H.T(lMu.9X,~HÜ~~T,~X,~HO~Tl.aXt5HORLTl.7x,~~ORT2,6X.SHD~lTZ, 
1 7~,.H~Or,T,'~.~HD~PT,eX,4~n~T 11HJ,qX,~(€11.4,lX)' 

qi~ FOP~.TftH~,9x,~H~~~~,A~.5HFIN~H,7X.5HF"&SH,7X.4HFERH.~X,~HP~PH.eX, 
1 ;101 OLnF'M, 7 X,.:. ~pL"r."''' fU ,lf~P~GM ,a)(,. 4.,.PMP"1,8 x, 6HTOPOP", I 
? lH~,~X,1~C~11.4.1X)) 

9~8 ~ORM.T(lH1,qX,~H~l~FG"'.6X.&H~LI~FH,&X,6HSL"AS",6.,&HSLFE~"t6X, 
1 ~H~L~FP1,¿X.;~5"LOFH,óx,QHFE~SCH,6X,6HSLSHGH,ox,6HSLSMPH, 
Z 1)'(,4"'~LS"'/l-tu,~'N',1C.t:lZ.") 

9SZ FO~HAT(lH~,qx,3HT'N~~,7x,4HPANH,8X.6HSLSCCM,6X.6HSlSMF11,6K, 

i I)HSl~"'L",6X,54SLsrM,7x,S~SlSMM,1~,~HSLSPH/lH~,8X,~E12._' 
~;l ~OR~AT(lH~,9~,5~~FGTT,7X.5H~F~TT,7X,~H~~GTT,1X,SHRMPTT,1X,_H~TOM, 

1 ~X,~~~AA/lH~.qX,6«(11.~,1XJl 
9151; I='OR"tAT ( 1101-'] ,13)(, óHP PI='~ T T t 6X .I;HPOFPT T ,ól(, ¡;HPPMGTT ,éX, 6HPPHPT T ,6)(, 

1 ~HOa~GT~,bX,órlPPFPT~,bX,ÓHPPMGTH.6X,6HPPHPT~/1Ha,9X, 

2 IIIIE!1.4.!Y)} 
ql!t; FORMAT ( lHO ,QX, 3 HVH ,gx. J HRH?, 9)( ,3HB1'I3, 9)(, 3HBM_, QX, 3 H9'1$, qX , ]MI) M6, 

1 gv, 31-1~"7, ?-1)(, 5HOPFG'1, 7X, 5HPPFC!1/1HC ,8X, 7E1? 4,12)( ,2:: 1?. Ir' 
97Q FO~"tAT(lHG,qX.óHP~~S~1,6~.6HPRES~2,~x,áHP~[SH3t6X.6HD~ESH~,6X, 

1 5HPR~SH5.6X,~HP~ESM6,6X,6HPD~SH7,18X~5HPPMGM,7x,5HPPMPMI 
2 lHC.~V,7E12.4,12X,2¿12.~) 

9?~ FORHAT(lHO,qX,3HA~1,9)(,3HAM2,qX,3HAM3.9X,3HAH~,9X,3HA~5,9)(,3H4"6, 
1 qX,3HA"7/1Hü,qX,7IEl1.~,lX») 

976 ~O~~AT{lHO,q~,5HPSF~M,1X,6H?SINFM,6X,6HPSMASH.áX.5HPSMGH,7X, 
1 ~MPSFGH,7X,~HPSFER~,6X.5HPS"P~.7X.5HOS~FM/lH~,qX, 
2 q(~11.~,lX}) 

931 ~O~MAT(lH~,q~,GHAT~BMT,6X,5HCTAAM,7X,oHPGFT8H,bX,6HPCT~6H,~X, 

1 6HPFTNF~,6X.I;HPFMASHt~Xt6HPtFNUM'lHO,AX,7E12._J 
9i3 ~OR~AT(lHü,9X,3HBFH.qX.3HRH~.9X,JHa~M,qX,5HeRLM2,7X,4HRRH2,8X, 

1 SH~aANG~,6X,3Hl~M,qX,.HQMCM/lHO,qX.8(El1 •• tlX" 
1q2 FO~MAT{lHJ,qX.4HnRG~tRV,4HO~~l,8Xt5HDRL~1,1X,.HORoMJ8X.4HO~~~,8X. 

1 5HnbLH2,7v,3HOR~,9X,JHER~,9X,4H~RPH/IHOt8X,9~1Z •• ) 
q~~ ~OO"AT(lHCtqX.3H9R~,qX,3HO~R,qX,3HER~,qX,.H~RP~,8X,.H~TA~,~X, 

1 .HATAF,8r,~HTSlS,8X,5HFE~SC,7x,6HTOPOPR/IHC,8Xtq~12.~, 
ENTQy ~I\TSFT 

o,",GT = 11"l'I.:JJr". 
P"'PT = q.:JOOJ. 
~FGT = 11i'l3Qt1(!. 
P~PT = ;?Ct2ltJO[;. 
OlnFT ':: ~Z7CuO. 
TOPOPT :: PFr.T+PFpT.OLOFT+PHGT+PHPT 
0SF'GT:: .13 
PSFPT = .!l1? 
PSMGT = .1 
°SP1PT = .13115 
0SFGH = PSFP'1 = PS"IGM = PS"Ipt¡¡o·:: ~. 
SLSFGT = PS~GT_"'prGT 
C;lHAST = .JOISo·Of!"PT 
SLINFT :: • i.o ~ lt·PFet'r 
SL~Et\T = .O~2·PF"T 
SLSFPT := ')LF~PT.,)LI1~ST+Sl¡NFT 

SOLOFT :: .~·Ol~FT 

SLSFT = ~L$~GT+SLSFoT+SOlOFT 
SlSMGT :: P~M~T"'P~r.T 
SlStlPT :: P~t1PT"P~PT 
SLS"T = RMOllT2'.SLSI'lf";T+SlS""pT 
SlsoT = (5lI~FT+SLHAST+SOlOFT''''CZ2_+SlS~PT·CZ2'5+SlFE~T'''C2?&+ 

1 SLS~GT ... r2?7+Sl5HGT"'C2Z~ 
I"1RGT = ... 41 
rlRTl :: .C41 

I"JEI10G 621 
T'1E HOGo S30 
OEMOG 631 
OE'10G fJ"1¡~ 

DEMOr; ~" 
OEHOG &15 
IlEHOG &36 
OEHOG ~J7 

OEMOG ~" 
r,~"'or; ~]9 

OEMOG 43ft n 
O~"10G &"' 
nE~OG ;:;~? 

"I€"tOG ~1t3 
I)EMOG 1).4 

"="Or. '''5 
')~"O'; , .. 
I1E"OG &47 
flEHO!; "lo' 
,)~MOG ,,,. 
DEMOr.- &53 
tlE:110r; '0' !lE"'/)G ó~2 

1J'::110G &S;J 
IlEIoI,O(i, &S4-
I')~HOr; 655 
1J~110G 65& 
DE~OG t,57 
IJE "tI') G Si'" 
1=:110G ,." 
fl~110G ,'>¡ 
"¡;'MOG l5é1 
OENlOG SÓ? 
IJEP10G óól 
I'JEMQG 604 
I'JEP1QG 6&9 
OE"'Or; ,7~ 

1Je:"'OG '7' 
1)~"10G <;72 
IJEHOG 673 
OEHOG &7" 
nl!HOG 675 
OEMOG 676 
!)¡;:MOr. &77 
I'1E"OG 67' 
OEHOG ó7Q 
DEHOG 4]80 
OEHOG 6&1 
OEHOG M2 
OE"'OG &83 
DEMOG 68. 
DEHOG 6~; 

r'JEMOG &" 
!)E\IIIa!'; M1 
OEHOG '" OEtoIIOG 6 .. 
!)(MOG Ó"O 
OEHOG ó", 
OEMOG 6Q~ 

1E\IIInG ,ql 
IlF.MOG ~H 



r"IPLTl = .]5 
'P~T : .(125 
OPT2 : ,eZ5 
nRLT2 := .03 
OF~T = ORlT2.PFPT 
qlO'T -= ,7 
~R.TZ = .&25 
~FT = P~PT·.6 •• 5 
BHT .. 91='T 
r.!RT =: ,1)25 
PGFT8T := • as 
pell8r -: .1 
EXPAFT -: O. 
EXPOS = O. 
PATAFf = .3 
PA'.OT '" 02"'4-
P"MAST = .0012& 
PFINFT s: .13 
I'IFNUT ='0. 
00 10 r-l.KGROF 
RINTFTltI' ,., PFGT'(OG~OF.IOTF1' 
~INTFI11(t) = O. 

10 r;ONTINUE 
RFOUTl • PFGT/OG~OF 
00 12 I.1,~PRODF 
~INTFTZ(I' • P.PT'(OP~OOF·IOTF2' 
RINTF~21I' • o. 

12 ~OHTlNllE 
RFOUT2 " PFPT'OPqOO~ 
00 1~ I=l.I(GROM 
RINTHT1(I) ~ PMGT/IDGQOH·IDTM1) 
RINTH'l1fIJ :1; O. 

h r.ONTI~UE 
RHOUTl ~ ~GT'OG~OM 
DO 16 I'l.KP~ODH 
PIMT"T!C!' = PMP'fcnPROOH·IOTHZ' 
RI""flfH2f!l .. O. 

1~ CONfI"UE 
RHOUT2 • PHPT'OPRO'~ 

3 ~o 1, 

PFGf'f :&: f'FPH • OlOFH • PMCH • PMP"f s i). 

SLSFGM .. SLSFPH • ~LSHGH • SLSHPH :&: SOLO'" • O. 
SLSFH = SLSM" :1: SL~ASH • SLINFM = SLFERH • O. 
SLSCC"- • D. 
SLSHLM ::1 o. 
ORGM •• 032 
DRP"'- •• 012 
nRMl • ORlM1 .D~GH 
DRM2 8: ORlH2 • DP.~ 

n"PM • O. 
TDTHSI1 8: o. 
8R" ::1 .8 
8RI12 • ~~" 
BFM • I!M11 8: o. 
ce", • [l. 
P'"8" • PC'tIU3M.~ PIFNUH • PF"'ASM = PFl~t:'''' = o. 
I"AT.'" ::1 1. 
RHOUHl • ~HOU"? = ~FOOHl • ~FDUI12 8: o. 
RFGTT • RFGTM ::1 ~FPTT : RtPT" = ~HGTT • ~"GTM : RI1PTT = ~I1PT~ • O. 
PPFGTT ::1 I"prPTT • PPHGTT • PPI1PTT ::1 o. 
PPFGT'" • pprPTM = PPMGTH .. PPMPTH 8: Q. 
~FTURM 

n'::'100; 
!)EI10G 
o~",or; 

nEMOr; 
IJI!MOG 
or::'10r; 
I')EMOG 
DEMO~ 
OE~OG 
DEMOG 
OEMOG 
0E'10G 
DEMOG 
OE"OG 
Ol!110G 
OEI10r; 
OEJlfOG 
DEI10G 
OEMO"i 
f'JE"fOG 
~MOG 

OEMOG 
~EHOG 
OEMOG 
O::"'OG 
~E"OG 
DEMOG 
OE"OG 
O~MOG 

O'!"OG 
DEMOG 
!lEMOG 
OE"OG 
aEHOG 
OEMOG 
OEMOG 
OEMOG 
OE~OG 
oe:MOG 
nE"OG 
OE~OG 
OEMOG 
OE.OG 
OEHOG 
OE"OG 
DEN"G 
OE"OG 
O"MOG 
"EHOG 
~EMOG 
OEMOG 
""NOG 
~E~OG 
DEHOG 
nEMaG 
O".OG 
I'lI!HOG 
""~OG 
OEMOG 
OE"OG 
IlEI10G 

"S 
~ .. 
~"' 
.98 
699 
711 
'01 
702 
'03 
70. 
70S 
73& 
7H .,. 
'01 
710 
'11 
712 
'13 

'" 71S 
71' 
717 
'18 
719 
'20 
721 
722 
72J 
72' 
72S 
72& 
'2' 
72' 11 
72. 
no 
731 
132 
7B 
73. 
715 
73~ 

'37 
"3~ 
7)9 
1.fJ 
"1 
"2 ,.3 7,. 
7.S 
706 .,7 
1:'8 
",q 
7S~ 
7';1 
7,2 
7S3 
'S. 
1S; 
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SU&PQUTtNE "OnCRO 
("OMMDN l.ccnU~1 DqLAT,AH~AT,~CLAT,VLA~DT.VLD'XT,TAXCT.AGSUT. 

1 nqL.H,A~~~H,ACL~".VLANO~.VLDTXH.TAXeH,AGSU". 
,~ DQL~V.DC~U,FARHIC,D6TOUS,DCRDT.RCSlOT,eXPlIV.NcrR, 
\ A\..Pl-ll. TI:C. TCEC. TR:ISL3. Tl.F'. Tlrp ,CPLr, R IN", Ff INTl. 
4 CQePT.Dl~,C25D.C253,C254.LTi,LT2,LT3,CeSTG,CSTQH. 
5 EocRP J, t"CROPtJ, PCR:JPL, prCROP. 

EVLVCJ,YLDCU,YlDCL,VLoFC,DYlDCU,DvLOCL,nlLDrC 
REAL t~cn~ 
CQHMON ICONTRll T.DT.DU~.rRUN.aEGF'RT,PRTCHG~PPTVI..1,pR:TVla,lPRt~T. 

1 H6"L.T"IOO,TDO 
r,OMMON ILANtl¡ . T~L, TrGL, TTGLL. rrQLU1. TT Gl U2,. TGLSr O. 

1 TqSL.TL~OD.T~HOD1.TLM002.lLHOD~.TTGLR.TGLR. 
~ TLCRL,fLCBU, TLCRUP, TGlS',TGLUjp,TLrc,TlC, 
l Xq1,R1.~2,PR2~PDR.CRM.R~H,RL"1.RLCRU.AUX,.AUX3. 
4· AqMl,ARM2.ARM3~A5.C9,GRT,CPLPT.XDEL,~PTN,GRE 

DIHENSION T~At~1(~),T~AIN2(2)~T~AtN3(iO) 
DATA LT1,LT2,LTJ,~oCY1.NOCY2.NOC'3 I 3' 1. 8, •• 4. 4 I 
DATA C234.C235.C2~6.C251,e12.Eí3 ¡ ,8, .5~ ¡1~ .O~05, l t Z. 1:1 
DATA TCO,TC1,TC2,lcF,CRU~AX I 6 •• lJ •• 15 •• 16.# 10bODOOOD. I 
DATA RPTN,E~TA I .2. 250. I 
TRNSLl = TR~SL1+Dl.(A~x~-eOUT1-TRArNl(3)~(1 •• A5» 
TRNSL2 • TR~SL2~DT*(SOUT1.BOUT21 
TRNSL3 ~ TRNSL3+DT.(BOUl2-eOUT3' 
TRAINl(3) • TRAJN1(3).A5 
CAlL BOXC(AUX5.BOUT1.TRAI~1.NCOUN1,NOCrl,Lri.sUMIN1) 
rr(LT2.lT,1,GO TO 5e 
CAlL ROXC(80UT1~80~T2.lHAtN2.NCOUi2.NOCY2.LT2~SU"tN2' 
Go ro 100 

50 ~OUT2 = BOUT1 
100 CALL BOXC(8nUTz~BnuTJ.,HArN3,NCOU~3,hOCY3.L13~SUMIN31 

AUX5 • (CHM.ARM3-AMIN111 •• R~MI/(AMINi(ARM1~ ~RM21.ARM31)'.TCEC. 
1 (l.-~prN) 

ALPHl • e2J4*AHIN1tl.-C234, (1.-C234).ExPC-C236.(PDR-C23S»)) 
CSINpH ~ CSINPH.RrsfDT 
CSIAPH = CStAPW*RCSTOT 
CSPAPH e eSPAPH*RCSfDT 
CSPFGH = CSprGH*RrsTDT 
C8STG : CRSTG-RCSTof 
CSJMAP • (l;.CPlr,.CPLPr*CSIAPH 
CSPLFG • ePLF-CSPF'GH -
CSTGH = CpLr*CBSTr..2 •• C2~3.C254/C25Q 
lFCMAL.EQ.l:0R.HAL.EO.J)QO TO 106 
CSPLAP • fl;.CPLr)*(l.~CPkPf)~CSPAP~ 
GO TO 110 

108 CSIHNP • (1;.CPLF)*(1 •• CPLPf)*CS1NPH 
110 lEC • CSIMNP.CSIHAP+CSPLA~+CSPLFG.CSTGH 

TCeC : AlPHi~TEC 
CRT~ea • TCEC*ti.-APT~)/~Tl 
AeROrA = AC~DrA~DT.Acqor 
CALl GRAPH(TCO,TC1.TC?Tcr.CRDM_X,T. ACRD" 
OCROT * fRNSL1/lTl -
CREDT • AHAW1(ACRrT-OCRUT, O,) 
ARHl : CREDT/CRTR~Q 
ARH2 = NCrR*LT1/tTcEC*RPT~) 
ARM3 = (NCrR~AMrNl(AR~l. ARM2,*rCet*RPT~/lTi'_LT1/1CeC 
AUX7 = AUX7+tAUX6·AUX7)*OT/xOEL 
AUX9 = 1.-AUX7 
EXTR • C257*TPSl 
1,tEXTk,Lt,O"oR,OeRDT,LE,Q,IGO ro 120 
A.5 • AMIl\'lfF12~'=XTA/EXTH, lt)*(AUX7*AUX9*AI11N1<E13,*"CROT/DCADT. 

MODCAO 
ACCOU\I 
ACCOU\I 
ACCOU~ 
ACCOU,-, 
eW7 
ACCOU~ 
ACCOU'II 
ACCOU~ 
ew, 
C¡'ri5 
LAt~O 
L~ND 
L~ND 
lAND 
\.ANO 
MODCRO 
~ODCRo 
MODeRo 
MODCRO 
MODCRO 
MODCRO 
MDDCRO 
MODeRO 
MDDCRO 
MODCRO 
MODCRO 
MODCRO 
MODeAD 
MODeRo 
MODCRO 
MODeRO 
MDDCRO 
MODeRO 
MDDCRO 
MODeRO 
MOOeRO 
MODeRo 
MODeRo 
MDDCRD 
MODCRO 
MODeRO 
MDDCRO 
MODCRO 
MDDCRO 
MDDCRO 
MonCRD 
MODCRO 
HODCRD 
MODeRO 
MODCRn 
MooeRn 
MODCRn 
MODeRO 
MODCRO 
MODCRO 
MODCRo 
MODCRO 
MODCRO 
MDDCRO 
WODCRn 

2 
2 
3 

• 
5 
1 
7 

• • 
1 
2 
2 
l 

• • 
6 
6 
7 

• , 
10 
11 
12 
13 
l' 
15 
16 
17 
1B 
l' 
20 
21 
22 
23 
2' 
25 
26 
27 
26 
2' 
30 
31 
32 
H 
34 
3! 
36 
37 
3. 
3. 
'0 
'1 
'2 
U 
44 .5 
•• .7 
.e 
49 
5a 



1 1.1l 
DO TO 125 

12Q A5 • 1. 
125 tF(AHIN1(ARM1.AAH?).A~HJ.LE.D.)GO TO ¡3Q 

AUX6 • ~RM~/(A"tHl(AR~1, iRM2).AR~3) 
GO TO 135 

130 !\UX6 • O. 
13' AUXa • 1.-AUX6 

¡fIIPRINT.Lt.1)RETUON 
PR 1 NT900, T 
P.RJNT905,TRNSLi~T~NSL2,TRNSL3~ARH1,ARH2,ARM3.BOUT1,BOUT2.BOUT3 
~RINT9io.ALPH1.tEc.TceC;CRTReQ.ACRDT"CRDTA~DC~DT.CREnT 
PRJNT91~,E~'R.A,.AUx5,Au~a,Aux7.AVX6.AU~9 
PRINT92D.CsfNPH~CSI.PM.CSPAPH~CSPFGH.ÓBSTG.cStHNP,CSIMAPIC6P~.P. 

1 CSPLFG~ CSTGH 
RETURN 

900 FORMAT(36H20UTPUT OF SUBRQUTJNE MODCRO AT TtME,F8.2) 
905 FORHAT(lHO.9X.6~TRNSL1.6X.6HTRNSL2.6X,6~TR~Sl3.6X,4~~RMi,8l. 

1 4H'RM2,ex.4HAR~3,8~.5HBOUT1,7X.5H9DUT2~1X,5HBOUT3/1"O.ex, 
Z 9E12:41 

910 r.ORHAT(lHO,9X.,HALPH1.7x.!HTeC~9X,4rlTtEC.8X~6HtRTREQ,6X~'HtCRDT, 
1. ?x. 6io\~CAOH,', 6X. 5HDeROT~?". 5'riCReDt lil1o. 8X. 6E12 i 4) 

915 r,ORMAT(lHO.9X.4HEX1R.eX,2"A5,lñx.4~AU~5.ex.4H.UX6,ax,4HAux1.ex, 
1 ~io\lU~8,8~.4HÁU~9/1Ho,9X.7(E11.4,lX) 

920 rORMAT(lHO,9X.6HCSINP~.6~,6HCSfAP~,6X.6HCSP.PH.6X.6~CSprGH.6X, 
1 5HC89TG.1X.6~t:stMNP.6X~6"'CSII1AP,6x.6HeSPL"p,6X,6"'GSPLFG,ex. 
~ 5MCS'GH/iHd;ex.l0EI2.41 

e INlrl~~ V~LUES rOR CReOI! 
e 
e 

ENTRY eROSE? 
TRHSl.l > O. 
rRNSL2 > D. 
TRNSLJ • 11, 
AUX' 111 0" 
80UTl .. Q. 
8oUf2 I!I D. 
BOUT3 • D, 
Rl • D, 
A5. 1. 
Po .too (.1,6 
TRAIH1(1) > D. 

40Q CONTlNUE 
DO 410 I>"ro 
TR/,IN3111 > O. 

410 eONTlNUE 
T.AIN211) , O. 
"I'RAJN2(2) • D. 
NeOUN1 > o 
NeOUN2 • o 
NeOUN3 • o 
SUHJNl • D. 
5UMIN2 • O. 
SUHIN3 • O. 
CRM .. O. 
ARMl • O. 
ARM2 • O. 
ARM3 • O. 
RLMI • D. 
NcrR • O. 
AUX6 • D. 

~OOCRO 
NOOeRO 
)tODCRO 
NODeRo 
MODeRo 
MOOeRo 
MOOeRO 
MoDeRo 
MoDeRO 
MODCRO 
'ODeRO 
"ODCRQ 
MoDeRo 
MoneRO 
MODCRO 
~ODCRn 
MOOCRO 
~COCRO 
MOOeRO 
~ODe.D 
MoDeRo 
,",ODtRO 
MODeRO 
MODeRO 
JroiODCR¡j 
HODeRO 
MODeRO 
MODeRO 
MODeRO 
MOOeoo 
MODCRD 
MODeRO 
MODeRO 
MODeRO 
MooeRO 
MooeRo 
HODCRD 
MOOCRO 
MODeRo 
MODCRO 
HODCRO 
MODeRo 
MopeRo 
HODeRD 
MoDCRo 
MODCRp 
MOOCRO 
MODeRO 
MopeRo 
MOPCRo 
MOpeRo 
MOOCRO 
MOPCRO 
MOPCRO 
MODeRO 
MODCRO 
Mooeoo 
HODeRo 
MODCRO 
MODCRo 
NoOeRO 

51 
52 
51 
5. 

" ,. 
51 

" " 60 
6l 
62 
63 
H 
6' 
66 
67 
6& 
6' 
7D 
71 
72 
7~ 
7f 
75 
7& 
77 
18 
7' 
80 
8l 
82 
8! 
8. 
85 
86 
67 
88 
89 
90 

9' 92 
93 
9f 
95 
96 
97 .. 
99 

na 
SOl 
toa 
103 
104 
10' 
106 
107 
10& 
109 
110 
111 



AUX7 :r: O. 
ACROT :; D, 
ACRDTA e O. 
flDR = O. 
CSINPH a 576. 
CSIAPl-l e 57¡i¡. 
eSp"pH :: b6~. 
C'SPFGH :: 59 ~. 
CBSTG • 8.5 
CPLF e O, 

383 

CSTGH • CPLr.CaST~.2 •• C253.C254/C25J 
CSPLrG :r: CPLr-CSprGH 
CSIH.P • (l~.~PLr,*C?~p'.CSIAPH 
lr(MAL.f.Q.l:0R.~AL.fa,3jGO la 500 
CSPLAP • (1:·CPLF1.<1 •• C?LPT)*C SP AP4 
CSll'INP • O. 
GO TO 510 

500 CSIMNP • tl:.CPLr)*(1,~CPLPT)·cSI'JP·4 
CSPLAP : O. 

510 TEC • CSIMNP+CStMAP·CSPLAP.CSPLFa+cSTGH 
TCEC • TEC 
RETURN 
END 

~onCRC 
MODeRO 
"10nCRO 
MODeRO 
MODeRo 
MODCRO 
MODCRO 
MODeRO 
MODeRO 
MODCRO 
MODCRO 
MODeRO 
MODCRO 
MODeRO 
MoncRo 
MOoeRO 
MODeRO 
MODeRO 
MODeRo 
MODeRO 
MODCRD 
MODCRO 
HOOCRO 

112 
113 
11' 
115 
116 
117 
118 
110 
120 
121 
122 
In 
le_ 
leS 
le6 
127 
128 
120 
130 
131 
132 
133 
134 



'>lI8hOUT 1 ~H 4GAC:"' 
: [ltH·O~. lA Cf:"'UI,¡ [J~L" T. Á~¡" A T. Ar:L A T. VI.A':u T. 'ILD')(T t T A)(rT •• "SU"'. 

Ú~LAH.A~~AM.ACLAH,VLAVO~.YLDTXH,TAXCM,.r.SUM, 
( n~LAV.Dc~U.rARHIC.DlTOUS.OCRDT,RCS'~T.EXPLIY.NcrRj 

ALPH1.T~:.TCEC.rR:jSL!.T~ftTLrp,CPLr,RtNTfR!~TL, 
4 CQ[;rT, t'J1"', C2S ... r:'2":1, C25~,L T1.1. T2,L O, CSSTro, rSTCili, 

~~c~PJ.~CROPU.PC~lPL,pr:ROP. 
EVLrCJ.YLCCU,'LDCL,YLnrC,O'LDru.Dv~nCL,rYLDrc 

riEAL L'(;r~ 
r()M~'Of: ICAT'I'LFI 

l 
p~GT,rE~r,prPT.PM3T.P~PT,TOPOPT.TOPOPR, 
prG~, prp~.p~lM,P~P~,TOPOPH,VACAPL •• UXL12. , 

, 
SlrFRT,SLSCCT~SOLJrT.SlSMlT,SLSPT.SL5PTP.reMSCT. 
SLrfR~,SLSCCM.SOLDr1,SLSMlH,SLSPH,SUPR,rE~SCM~ 
P~rGTT,PprPTT~pcMQTT.PP~PTT.pprGT~, 
POFPT~,~PMGTH~PPMPTM,RFGTT,RrPTT. 
R~GTT~RMPTT.RrGTM.RfPTMfRHGTH~RMPT~, 
T~NT,TDNAT.TDNH~TD~~P.TONAM~P~TADTraMM,OHTfPrlACT, 
yMAT.~A.PAP,PAPP.PRAT.EXPLIUNEXPL,CT202~C214tC244 

C(lH"1n~1 ICUtl'l'RL/ T. D T. DU"'. 1 IUN. sEGPRT, pRTCHG~ PRTYl.1, rRTIIL2. I PR J ~T, 
1 MIoL.T"lúu.TDO 

t"OMl-\Ol: ILlI,tl'f'l¡ 
l 

T~L,TTGL,TTGLl~T11L')1.TTGLU2,TGLSFO. 
T~Sl,TL~JD.TLMOD1,T~HOD2,TLMDn3.TTGLR.Tr,l.q, , TLC~L,TL:RU,TLC~UP,TGLSr,TGLUip,TLrc.TLr., 
X~1,Rl,w2.PR2,PDR,CA~.RLM,RLMrfALCRU.AU~l,~UX3. , 

PJMlNSJDN 
l 

uIMENS¡r'lN 
1 

A~Hl,AR~2,ARM3,A5.C9,GRT,CPLPT,XDEL.RPT~,GRE 
~INCRA(12,4),rArNCA(12.4),CLt~CA(12,4)~ECADEA(12,4), 
E'XCAt12.4),(VLDT~(12,4),5INC~A(12,4"THINCAtt2.4) 
BINCR(12),C AINCB(12l,CAPDTPt12),CLINC R(la"EOBSER(12l, 
ELOAN(1?l.ETC~~(12).SINCR(12),THINC~(12),TXCPCl2). 

2 

1 
2 

DATA 
!JATA 
JATA 
JATA 
DAT A 
CATA 
DATA 
llATA 
DATA 
[lATA 
DATA 
nA TA 
DATA 
DATA 
DATA 
DATA 
DATA 

, 
[lATA 

1 
"~ 

lJATA 
1 
? 
1 

DATA 
1 
? 

VLTXTP(\2"EOLM(4),VAL3b(~) 

C222,C223,C2<1a,C25' I .47,4 .. ,5, .4 I 
C253.C252.C2~3,C254.C261,C262.C263/1.2 •• ~.40.,31,.~'.t 75,.31 
C264,C267.r.2~B.C26~,G27Q.C271/.~6ocoooi. S*l. I 
C274,C275,C276 13*,1~ I 
C277.C27A,C279 11;, 1., 3.11 
D~L5IPEl6.nEL12.0EL13,oeL14 I 5*5. I 
DEL19.~EL2~,rEL21,oEL22 / 4*5, I 
nlfF36~S~ALl~6,K36 I 1., ,.' 3 I 
f-QLM I 11(1 •• 120. •• 15Q., 170, I 
VAL36 I 4.7. 4.55. 4.6. 4.61 
SVAC,SVAlT~SVALM.~GS~B~,STGLA I 3*1 •• 2*u. I 
RINT.Ri~TL;IPH,DIR,RCST / .19 •• i4. 12 •• is •• 12 I 
srTAx,SHTAX,~QLT.'~KLND / 10J., 50 •• 35.~ .DD42 I 
YLI1CU1;YLDCL1.YLOfCl I 1.11, 1.56. 8.3 1 
UYLOCU~OYLDCL.DYLDFC' 1.65, 2.9, 10. I 
PRM,EXl.HIN / 1" 200DDOOÓfi. I 
SINCRA I 1., l., 1.1'." 1.45,1.65. 2*1.9, 5*2., 

2.1 •• 1.15, 1.7~ 2., 2.¿5. 2.~5~ 5*2.6. 
2-1" 1.5. 2.7, 3.2, 3.9. 6*4., 
2*lu 1.5, 2.7, 3.2. 3.9. 6*4. I 

rMINCA I 1.1. 1.2, 2.1.25. 3*1,35, 5*1.4~ 
1.2, 1.22, 1.29~ 1.36, {.43. 1.46, 1.53, ~.1.S11 
1.3. '.37, 1157~ 1.9. 2., 2.2~ 6*2.22, 
1.3?, 1.39, 1.6. 1.82, 2.2, 7.2.4 1 

ETXCA I 1.1, 1.16, 1.19. 1.21, 1.26. 1.27, l,2a, !'I't.3. 
1.1, 1.25, 1.3, 1.33, 1.35, 1.36. 1.37, 5.i.4. 
1.1. 1.35. 1.6, 2.' 2.4. 2.~5. 6_2.6. 
1.1. l.!5. 1.6, 2.' 2.4. 2.55~ 6.2,6 I 

EVLDTA / 3-1., 3*1.2, 6·1.3, 
3.1,~ 3*1.25, 6*1.35, 
3*1 •• 3*1;J. 6*1.4, 

A.GACC 
lCCQJ" 
A CCOU \o 
ACCOU~ 
.CCQU~ 

·"'.t41 
AerOil ~ 
,I.ctO¡J~ 

ACCOU'l 
C .. TT~E 
r;ATTl~ 
CATTlE 
CA, TTLI! 
C"TTLE 
CATTLE 
CA TTLE 
CATTLE 
C4TTL;: 
C.5 
C.5 
LAND 
LAN¡:; 
........ NC 
Li,;,;[j 
:... ü~; ¡:; 
ASACC 
AG~CC 
AGACC 
AGACC 
AGAct 
AGACC 
AGACC 
AGACC 
AGA CC 
AGACC 
AGACC 
~GACC 
AGACC 
lGlCC 
.G.ce 
'G.ce 
'G'CC 
• G.ee 
.G.CC 
lGACC 
AGACC 
AG~CC 
lGACC 
AGACC 
'G.ce 
lGlCe 
AGACC 
AGACC 
4.GACe 
AGACC 
AGACC 
AGACC 
'G.ee 
AGACC 
'G.ce 
'G.ee 

2 
2 
1 

• , 
1 , , 
• 
2 , 
• 
5 , 
7 , 
? 

lO , 
2 
2 

4 

5 

< 
7 
8 
9 

10 
a 
12 
13 
14 
15 
16 
11 ,. ,. 
2n 
2' 
22 
2' 
2 • 
25 
26 
27 
2. 
2' 
JO 
JI 
12 
33 
34 

" 36 
37 
3e 
3. 
'0 
41 
42 



385 
3 ;:!-1 •• 3.1.32, 61101.042 I 

:JATA l(.ADEA / l •• 1.5. 2., 9*2.5, 
! 1 .. 1.6, ?~, 2.8. !h-l., , 1.1. 2., 2.6, J •• S*3.4. 

1.1. 1.9, 2,7. 2.9, 8.3.3 I 
DATA CA1~CA I 1.11. 1.~1, 1.42. 1.42, 3.1.57, 5.1.67, 

1 1.17", 1.32. 2.1.47, 3*1.62. 5_1.17, 
C' 

3 
DATA 

1 
? 

DATA 
1 
2 

1.2. '.67. 1.91~ 2.41. 2.81. 3.~1. 6.3t27~ 
1.2, 11~7, 1,97, 2.47, 2.81. 3.6j, 6.3~271 

CLINCA I 2.1., 2.1.25. 3*1.4, 5*{.5, 
2.1 •• 2.1.25. 3.1,4, '·{.5, 
1., 1.3, 1.6. 1.8. 2,. '.2.5, 
~ •• 1.2. 1.4, 1.6. 1.8, '-2.2 I 

BINCRA I d ••• C5 •• 1'. O ••• 15. ~.O., .1~ .. iO •• 
O., .ca. ;22. 2*,15, .1. 2*,05. 4*D •• º,. ,35, ,4' •• 5 •• 4, 2.,2. 5.0., 

.\ D ••• 35, ,4' •• 5 •• 4, 2.,2, 5*0. I 
TAXCTl • TA~C1L.(TAXC~i-TAXCTl).DT/DEL12 
VLTXTL = VLTXTL.(VLTX~r-YlTXTL).DT/DeL13 
IF(T.LT.7. )GO 10 15 
PKGR • TABEXE(VAL~6.S~ALL36,Dlrr36,K36,T} 
TAxeT1 11: (p~Gf.e222+PMPT).C223.PK3R 
TAXCT2 = FEKSCT*C277.SftA~+SLSHLT.C27B.SHTAX 

15 ~ONT l NUE -
lAxeT3 = C279+TOPOpT 
lAxeT 11: TAXCT1+TAXcT2+lAXCT3 
TAXCHT = TAXCT/TTr,LR 
CTLBLT 11: CTLBLT*RCSTDT 
VETRAC = VETRAC*RCSTDT 
VErRAD • VE~R~C.tl.·t~~T~Ql·C244)/(~ •• C2~.)) 
CSTANTL • CSTANTL.(CST.ÑT.CSTANT~).OT/DEL20 
CSTANT • CTLBLT+VFTRA~ 
CLNDTL 11: CL'IDTL+(rLNDT-CL~DTl).DT/oeL~1 
CLNOT • CLNOT*RCSTO' 
OPClAT = TOPOPT.CSTANT 
OPCLNT 11: TTGLR.r,LNO'*C267 
YAT 11: SLSPT+PAP 
YI"4T = Q~T+PR'I'! 
AG$UT 11: AGSlIBT.TT~lR 
CAPDET ~ EQLT*TTGLR-C26e 
ASVLNT 11: VLANDT*C248 
VLOTXT 11: AS~LNT*TAXLNO 
ASVHT • ASVLNT/(TTGLR*C210) 
VLTXHl 11: VLOTXT/CTTGl~~C2'1) 
ACLAT = OPCLAT.OPCLNT+TAxe,*eAPDET.VLCTXT 
ARLÁT 11: YAT*YHT.AGSUT 
FARILT 11: ARLAT-ACLÁT 
VLANOT = A~AX1(SVALT.TTGL8, fARILT/RIN1) 
VLNDHT ~ VLANDT/(TTr.L~*C269) 
EPAP 11: EPAP.(PAPP-EPAP)-OT/OEL5 
ESLSPT • FSLSPT·(SLSPTP-eSLSPT)*DT/DEL6 
~QMT = rERT*PFLACT.eT2G~.YMAT 
TCLATL • TCLATL.(TCLAT~TC~ATL).OT/DEL¡9 
TelAT = ACLAT/TTGLR . 
TPLAT 1: EPAP+f.SLS~T+C~RM·eQMT)/TTQLA.AGSUBT 
DRLAT 11: (TRLAT-TCLATL).TeOIR 
lFt'.LT.TMODlRO TO 2GC 
CAPT = TLF.C253-C?5 4/:2,n 
¡f(STORG.LT:CAPT)no T~ 100 
RPCAPT ,. O. 
RLI~PS t: G. 

AGACC 
AGACC 
AC,ACC 
AGAce 
AGAce 
AGACC 
AGACe 
AGAee 
AGACe 
AGACe 
AGACe 
AGACe 
AGAce 
AGACe 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
AGACe 
AGACC 
AGACe 
AGACC 
AGACC 
AGAeC 
AGACC 
AGACC 
AGACe 
AGACC 
AGACe 
AGACe 
AGACC 
AGAee 
AGACe 
AGACC 
AGACC 
AGACC 
Aaoee 
AGAee 
AaocC 
AGACe 
AaACC 
AaACC 
AaACe 
AaACe 
AGACe 
OaAeC 
AGACe 
AaACC 
AaACC 
AGACC 
AGACe 
AaACC 
AGACe 
AaACC 

43 
44 .. 
40 ., 
4. 
49 
5' 
51 
52 
5' 
54 
55 
56 
57 
5. 
5' 
6' 
61 
62 
6' 
6' 
65 
66 
67 
6' •• 7, 
71 
72 
13 
14 
15 
76 
77 
7B 
19 ., 
81 .2 
.3 

•• 85 
86 
81 
88 
•• O, 
01 
02 
93 
9f 
05 
96 
91 
98 9. 

101 
101 
102 
103 



GO TO 110 
100 IfPCAPT E (CAPT-STnRG).CHSTG.2./C252 

STORG • SIORG+DT*fCAPf.STORG)/C252 
RlINPS • (CAPT-STnRG).ST~LB*2./C252 

110 rONTIt.lUf 
AlDANA • ALOA~A+DT*AL'AN 
ALREPA E AL~Ef'A+Dr.AL~C~ 
nRTOUS • ALnA~A-ALRfPA 
AlINI • DBTnUS*RI~TL 
ALOA N • AMllll(UCRrT, :~~DT) 
~LREP = TRNSL3/LT3 
TAXCMl = (P~G~.C2~2+P~PM).C223.PK3R 
TAXCM2 = rE~SCH*C'77*SrTAX.SLSHLM*C278.SMTAX 
TAXCH3 = C279*T~P~P~ 
TAXCM = TAXCM1+TAXC~2.rAXCH3 
CSTANM = CSTANM*RCSTDT 
CLNDM = CLNDM*RCSTDT 
QPCLAH = TOPOPM*CSTAN~ 
CSRFGH = Cs~rGH.RrS~OT 
CSHARV = CS~APV.RCSTDT 
DPCLNH = TLMOD*CL~D~·(1,-CPLf)+'LFp·CSRfGH·TLF*CSH~RV·C253*C2'4 
YAN = SI..SP~l.PAP 
YMH = QHH*PRH 
AGSUH = AGSI}BH.(TL.MC'D.l'f~SL) 
CAPDEH = TLHOn.EOLHfMAL) 
ASVlN~ = VlANOH-C24B 
VLOTXM ~ ASVLNH*TAXLNn 
ASVHM K ASVLNM/(TLMOD.'~S~) 
VLTXHM E VLnTXH/(TL~DO.f~SL) 
ACLAMl • OPCLAH+OPCLN~~tAPDEM.YLDTXM 
ACLAH = ACLAM1.TAXCM+ALI~T+A~REP.(TCEC •• LPHi.cSTGH).TRSL/(J •• XDEL) 

~ +RPCAPT 
ARLAMl E YAH.VMH.AGSU~ 

APLAM • ARLAM1*ALnAN 
FARJL~ = ARLAH-ACLA~ 
VLANDM = AHAX1(Vl~DHT.(1~SL.TLHOD).(A~LAHt.ACLAM1.TAXCM'/RI~T) 
VLNDHM = VLANnM/tTLMOD,t~SL) 
00 120 I=l,LTl -
ELOANt!) • TCEC*tl.-RPTN)/LTl 

120 CONTlNUF 
ICEC :11 3.*Xt'lEL 
Do 12'5 I=l,lcEC 
ETCECCI) E TCEC/JCEC 

125 CONTINUE 
TCREC = TCEC*<l._RpTN) 
DO 130 ¡sl,lTl 
EDBSER(" = rCREC*RJNTl*l/LTl 

130 CONTINUE 
lL2 = LT1*LT2 
lrCLT2.LT.l'GD TO 135 
12 = LT1+1 
00132 I=J2,tL2 
EDBSER[I) = EOBSE~(lTl) 

132 CONTINUE 
135 13 • IL2+1 

1L3 = 11..2"'l"3 
U~JPBAL • TCREC 
VPAYMT. TCPEC/lT3 
DO 138 I=I3:1L3 
UNPBAL = UNPBAL-YPAYMT 
EDBSERCI) = YPAYMT.UN~BAL.RINTL 

toG ... cc 104 
AGAce 105 
II.GACC la, 
II.GACC 107 
lGACC t08 
AG_CC tOO 
4GACC 110 
AGACC 111 
'GACe 112 
r,1oj? 7 
AGACC 114 
AGAce 115 
AGACC 116 
AGACC 117 
AGACC 118 
AG;ACC 110 
AGACC i20 
AGACC 121 
AGACC 122 
AGACC 123 
"-GACC 124 
,lGACC 125 
AGÁCC 126 
AGACC 127 
AGACC 128 
AGACC t20 
AGACO: 130 
AGACC 131 
AGACC 132 
AGACC 133 
AGACC 134 
A.GACC 135 
AGACC 136 
AGACC 137 
'G'CC 138 
'G'CC 139 
.G'CC 140 
AGACC 141 
AGACC 142 
'G.CC 143 
AGACC t" 
AGACC t45 
AGACC lH 
.G.CC 147 
.G.ce 148 
'G'CC 140 
'G'CC 150 
.G.CC 151 
'G'CC 152 
.G'CC 153 
'G.CC 154 
'G'CC 155 
AGACC t56 
AGACC 157 
'GACC 158 
'G'CC 15. 
.G.CC 160 
AGACC 161 
AGACC 162 
'G'ce 163 
AGACC 16' 



13t1o GONTINU( 
JF(T.EQ.TMO~)PRtN'979 
DRLAH z O. 
no 15a 1:1, [PH 
ETXC = TAXCTL.TXC~(J) 
EVLDTX = VLTXTL.VLT1T~(1) 
ECADE~ = ~QLT.C26~.CA~DTP(1) 
EOPCLt-' = CSfANTl-C'I.IN:Ff 1 )/GRE 
EOCLN~ = CL~DTL.CLINC~'I) 
TCLAM : ~DHSEk(I)+E'CeC(I,.EOPCLM.E~CLN~.ETXC.EVLDTX.ECADE" 
TpLAM = EPAP.IStNrR(I).~SLSPTtBINCR(1,.AUXL12)+THINCR(I'.PRM.E QMTI 

1 TTGLR+ElOANC".AGSU8M 
DRLAH = DRLAH+(TRLAM.TCLAH)/(l •• OIR)-.1 
Ir(T.~!L.TMOn¡GO To 150 
f->RINT9aO,EDI!Sf.R(I).E'TCEC(I'.EOPCLr1.EOcL"iI'l.ETXC.EVLDTX,EeAOEH. 

1 Sl'fCP(I},T~I~CH(l)tElOAN(I).TRLAM,TCLAH 
150 CONTI~~UF. 
200 GONTINUE 

DRLAV s(DRLAT.TTGLR.D~LA~.(TLMOO.TRS~,)/TGLR 
ASVlNC • VlANnC-C?5' 
VLDTXC ~ A$VLNC.'AXLNO 
ASVHC = ASVLNC/TLr 
VLTXHC = VL~TXC/TLC 
TRCRU = EPCRP¡I*EYLOCU 
CST~CU = CSTHeU_RrsTOT 
CSTHCL = CSTHCL_RrsTOT 
CSTHFC • ·CSTHFC.RCSTOT 
CSTHU. CSTHCU'Cl •• e21',(Y.Deu·Y.DCU11/(DYlDCU·Y~DCU11) 
CSTHL • CSTHCL.(1.+0275·CYLDeL.Y~DeLl1/(DYLDeL·YLDe~1)) 
CSTHr • CSTHrC'(1.+C216·CYLDre.YLDrel)/CDY~Dfe.YLDrel)1 
TCCRUL • TCCRUL~(TCCRJ~TCCRUL)*DT/DeL22 
TCCRU = CST4U .VLTXHC 
DeRU = (TRCQU~TCC~u~).TCDIR 
ARCRU • TLC~U.YLDCU·PC~OPU 
ARCRL • TLCPL*YLDCL*PCRUPL 
ARre = TLrC.YLDFc*prc~op 
ACGRU • TLC~U·CST~u 
ACCRL • TLC~L*CSTHL 
Acre = TLFc*eSTHF 
FARree • AReRlJ.ARrRL-ACCRU~ACCR~ 
rARrrc = ARFC-Acrr. 
rARMIC~ • rARHICA.DT.~A~~lC 
FAR~rc = rARJCC~fARlrc~vLDTXC 
VLANDC • AHAX1CVL"DHT+TLe, fARHle/RINtl 
VLNDHC = VLANDe/Tle 
GINC = vAT+YHT.~A~+YM~ 
ALPH2 = e261.(C?62~C261'*!XP(.C263.C264.A"AX1(OrHc·eXL"tH. Ó;') 
ExPLIV ~ AM~Xl(ALP'l2*~lNC. EXLHIN) 
IF(IPRINT.LT.I)WETURN 
PRINT900,T 
PRINT9D4,DRLAV,DCRU.TRCKU.TCCRUL,TCCRU.ARCftU,ACCRu.eSTHU.CSTHCU, 

1 GJNC 
PRINT908,FAPMIC~FARMICA,VLANDC~ASVLNC~VLDTXC •• ~caL •• ccRL.cSTHL, 

1 CSTHCL~ALpH2 . 
PR J NT912 , FA P. J CC:~ r AR I re. v L.~DIofC', ASVHC. VL T XHC. ARre. Acrc. CST~F. eST IofFC. 

1 F.XPLI V 
PRINT920,DRLAT.T~LA"TC~ATL.TCLAT.ESLSPTfEPAP~~QMT,rAR ELT 
PRINT924.ARLAr,ACLA'.1Af,~MTfAGSUT.OPCL"T,OPCLNT,T'XCT .C&PDET 
PRINr92~,CSTANT~CST.NTL;CTL8LT~VETRAD,veTRAC;CLNDT.C~NDT~.VLANDT. 

1 '.Vl"T~VLDTXT 
PPINT932.PKnR.TAxcTt.TAXCT2,TAXCT3.TA~C~T.VLND~T.ASVHT .VLTIIofT 

"aAce 
"G¡Ace 
"aAce 
ACAce 
AGACe 
AGACe 
AGAee 
AGAee 
AGACe 
AGACe 
AGAce 
AGACC 
"GACe 
"GACe 
AGACe 
"GACe 
AGACe 
AGACC 
AGACe 
AGACe 
AGACC 
AGAeC 
AGACe 
AGACe 
AGAee 
AGAeC 
AGAee 
AGACe 
AGAeC 
AGAeC 
AGAee 
AaAee 
AGAee 
ABAce 
AGAee 
AGAee 
AGAee 
AGACC 
AGAeC 
AGAee 
AGAee 
AGAee 
AGAee 
eW2 
AGAee 
AGAee 
AGAee 
AGAee 
AGAee 
AGAee 
AGAee 
AGACC 
AGAee 
AGAee 
AGAee 
AGAee 
AGACC 
AGAee 
AGAee 
AGAee 
AGAee 

16' 
,66 
'67 ,6" 
169 
170 
171 
112 
,73 
11. ,7' 
,16 ,71 
,70 
,79 
,80 
161. 
182 
,03 
,8' ,8' 
,86 
,81 
,88 
,89 
,90 
191 
192 
193 
,94 ,9' 
,96 
,91 
19. 
199 
200 
20, 
202 
2U 
204 
20' 
206 
201 

7 
209 
210 
211 
212 
213 
211 
215 
2'6 
211 
21. 
219 
220 
22, 
222 
223 
22' 
225 



lr(l.LT.l~O~)HETU~IJ 
Pw 1 ~n·9~4. !'H?L' .... M. r .... ~ J LtI. AHI,. ........ ACl .... H, ...... LA,Ml.' .... Cl .... Hi.C ÁPT, RPC .... PT ,STORG. 

1 RLINPS 
~'~ I NT?~;, TAn. 'V11rl. "1" SU "1, A 1,. OAPt. AL OA '~A. ALREP, ÁLREPA. DeTOUS ~ AL! NT 
PRINl962,OPCLAH~O~CLN"1,CSTÁ~".CLNDH.CSRrGH,CS~ARV.VI"A~DM,ASV~NHf 

1 VLnlXH 
~~IN'9bb.TA~CM,T""~C"1,T""~CH2.T,KC't3.TAXCTL,CAPDEH.VLT~TL.VL~OH~, 

1 ASVH~.VLTXHH 
-R'j:TURr~ 

9DD !="'ORMAT(36).12flUH·UT UF' sUtJ~OUnNE AJACC ., TlME,te,2) 
964 FORH .... "lHO,QX,5~DQL .... V.7X,4~DCRU.8X.5HTRCRU.7~~6HTCCRUL.6J.5HTCCRU. 

1 7X , 54ARCf.'U. 1X. 5(~ACCRU .. 7X, 5I-tCSTHU. 7X, 6HCSTHCU, 6)(, 4~GINCI 
2. lHO.~X,lÜE12,4) . 

~t1 & rmnu l , lHD. 9X. 6lff ARH 1 e, OX I 7HF ARltl CA, 51(, 6HVLANOC. 6X. 6H AS\lLNC. 6X. 
1 6H\lLnTXC~6~,~~ARC~L.1X~5~AGCRL,1X.5HCSTHL.7~,6HCSTHCL,6X, 
~ 5H .... lPH2/1H~,PX.1DE12.4) 

912 fORHAl(lfjO.9X,6HrAHrC:i6X,6HfARlrC,6X.6~VLNDHC.6X.~HASV~C,1X, 
1 hHV~TX~C~6X,4H'RFC.eX.4H.CrC.8X.5HCSTHr.7X,6HCSlHrC.6X. 
2 6HF.XPLIV/l~O.ax,10e12.4) 

920 rOHMAiclH-.9XJ5HOQlAT,7x.'HTRLAT,1X,6HTC~ .... TL'6X.5HTC~AT~'7X, 
1 6HESLSPT~6X.4HEPAP,8X.4HeQ~T,8X~6HrAR(LT/lHO.BX,AEI2,4) 

924 rORMATtl~a,qX,5\IA~L~T,7x.5H~CL~f,1X,3HYAf.9X,3KVM'.9X,5~~GSUT.7XF 
1 6HOPr.LAT~6X~6H~PC~I~T.6X.5HTAXCT,7X.6HCAPDeT/1HO.B.,ge12,4) 

928 rORHA T (lHO, 9-X. 611CST A NT , 6X. lHCSTANTL. 5)(, 6HCnBL T. 6X, 6HVETRAD. 6)( I 
1 6HYETRAC;6X~~HCLNOT.1X.6~C~NDTL,6~.6HVlANDT.6X.6HASYLNT, 
2- ~X,6wv~n,xt/1t,~,8X.l~E12,~) 

932 FORMAr ( lHO. 9x, 4;~PIC'GR, 8X. 6to1TAXCT1, 6X, 6Io1TAXeT2;. 6)(. 6I-1TAXCT3. 6X. 
1 6HTA)(CHT~3Cx.6H\lL~DHT,6X.5~ASVHT,1X,6H\lLTXHT/lHD~8X.5E12.4, 
? 24X,3E12.4) 

95. fOR.MA T ti"' .. , 9X f 5HD'~U,t1~ '/x. 4H""~ 1~". 6\(. 5~~RlA" .1X. 5\o1ACI..A",,".1X. 
1 6I;iARLAM1~6X,6HACLAI'11,6Xf4HOAPT,8X,6HRPCAP',6x,5HSTORG.7X. 
l 6HRLINPS/l~D,ax.1DeI2t4) 

958 rORHAT(lHO.QX#JHjA~,9X.j~YHM,9XI5~AGSUM.7X.5HALOAN,'X.6H'LQANA,6x, 
1. 5HA\,.QEP. 7'K. 6H I>.L,.f\t:P A. , 6)(. 6",D~"OUS, 6}(. '''' .... L t '''' 11\041), ex, 9'12. ~) 

962 F~RMAT(lHO,9Xi6~OPCLA~.6X.6~OPCLN~,6X,6~CSTANM,6X.5HCLNnH,7x, 
1 6HCSqr~H;6x.6HCSMAaV.18X,6~V~AND~;6X~6HASVLNM.6X~6HVlOTXMI 
2 lHO,AX~6El,".4.12X.3E12.4) 

966 fORMAl (lHIl,9X,5HT ",XC". 7X, 4HU.XCM,1.6X .6iH UCI12'.6X.6H'.\XCMS,6X. 
1 6104 t.AXCTL~· 6X. t-HC'Af"DEH, 6X, 6HIJL T xtL. 6X, 6IiVLNDUK. 6X, 5lU:¡Vt4M. 7x, 
~ 6H\lLTXHH/lHO.8X.lne12,~) 

979 fORMA T (11ofl, 6I1ED8S!;R, 51(. '"eTCEC~ 6X. 6HEOPC~H. 5X ~ 6HEOCLN"1 •. 51(, 
1 4HETXC .1'X. 6HEYl..OT X, 5X, 6HEC A.OEM. 5 1(-, 5~S htC~. 6K. 6-H1'1" tNCR, 5X, 
? 5HEl~AN,6X,5HT~LAM,6X.5HTCLA~) 

980 rORHAltlHO,12El1.3) 
.NTRY AeeSET 

C 
C CPO'S 
C 

RCSTDT = 1 •• 0T-RCST 
VLANDe • 962~~OBDQ, 
CSTHCU • ~6¡j. 
CSTHCL = 1097. 
CSTHFC 111 723, 
YLDCU 11: VLDCUl 
EVLDCU • VlnCu 
vLDCL • YlDCLl 
'fLDre 11: YLDr:Cl 
reCRU • cs,~eU.\lLANOC.C255*TAXL~D/TLC 
TCCRUL • TCCRU 
rARM·IG • o. 
rAFH1JCA • o: 

AGACC 
"GACC 
"GAee 
AGACC 
AGAce 
AGACC 
AGACC 
AGACC 
AGACe 
AGiCe 
AGACe 
AGACC 
AGACe 
ACAce 
AGAce 
AGAce 
AGAce 
AGAce 
AGAce 
AGio ce 
AGACe 
~GACC 

I\GACC 
iGACC 
AGACC 
A.GACC 
AGACC 
AGA.CC 
AGACe 
AGACC 
AGACC 
AGAee 
AGACe 
AGACe 
AGAeC 
AGACe 
AGACC 
"GACC 
AGACe 
AGAee 
AGACC 
AGiee 
AGACe 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
A.ACC 
.AGAee 
AGACe 
AG"ee __ (aee 
AGAce 
AaAce 
AGiCC 
AGACC 
AGACC 
AGAee 
AGACC 

226 
227 
228 
22' 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
'-~o 
241 
242 
243 
244 
245 
2'6 
247 
2'8 
2" 
250 
251 
252 
253 
25t 
255 
256 
257 
258 
25. 
260 
261 
262 
26¡ 
264 
265 
266 
267 
268 
26. 
270 
271 
272 
273 
27. 
275 
276 
277 
278 
27. 
280 
281 
282 
283 
28. 
285 
286 



e 
e TP"!·'1Tt()I!A~ LIVEsTOCI( 
e 

e 

PKr¡R = C. 
"A,XCTl ::: o, 
TAXCT2 : o, 
TAXCHT = C279.Trp,pT/TTüL~ 
"!'UCTL :; TAXCHT 
CTU1L.T == ~.8:4 
VETRAC = 6.1C 
CSTANT = CTLBLT+VFTRAC 
CSTANTL == C~TANT 
CLNI1T == 35.fi 
CLNnTL :; CL~IOT 

VLOTXT = 378~~C:. 
VLTXHT = VL)JTCT/(TTGLQ.C270) 
VL TXTI. :1: VL TXflT 
TelAT ~ TOP~Pl.~STANT/TT3~R.CLNOT·C26;+TAXCHT+Ea~T·C268.VLTXHT 
TCLATL = TelAT 
F.PAP = 907, 
ESLSPT = SLSPT/tTGLR 
VLANDT z 18~(JÓ~DD~, 
AGSUBT ::1: O. 

e IIOCFRN uveSTOCK 
e 

ALUMIA = O. 
ALOAN = D. 
ALREPA r; o. 
ALREp = O. 
STORG = O. 
AGSUM = C. 
CSHARV =: 6.25 
CSRF'GH :;: 570, 
CSTANI'1 1: 56: 
CUJOI'! :1 100; 
VLAND~' :1: O. 
VLDTX"" :1: O. 
TAXCH 11 O, 
"'AH ~ O. 
YMM Ji' D. 
ARLAM 11 O. 
ACLAH 11 O. 
DRLAM :; O. 
TCDIR == O. 
Do lO2C J .1~ lPH 
ELOAN<I) = O. 
ETCEC(J) = O, 
EIJBSER(I) 11 C. 
TcDIR 11 TCDlk+l./(1.+0IH) •• 1 

1020 CONTINUé 
IF(MAL,F.O.O) RETURN 
Do 1060 1.1,JPH 
SlNCRCl) • SlNCPA(IIHALJ 
lMINCRlIl • l~l~CA(I,~~~) 
TXCP(I) • ETXCAfl,MAl) 
VLTXTP(J) • EVlnTA(I,~AL) 
CAPDTP(l) ~ eCAnEAC1,MAL) 
CAINCR(l) • CAI"ICA,I,'1AL) 
CLINC~(I) • CLIHCA(I,MAL) 
BINCR(I) = AlrJClfA(l,MAL) 

AGACC 
AGACC 
AGACC 
AGACC 
AGACC 
'GAee 
"{lACe 
"GACe 
"GACe 
AGACe 
AGAce 
AGAeC 
AGACC 
AGACC 
"GACe 
"GACe 
AGACC 
AGACC 
AGACe 
lG.ACC 
"GACe 
"GACe 
AGAeC 
AGACC 
AGACC 
AGAee 
AGACC 
"GACe, 
AGACC 
AGACC 
"GACe: 
e.l 
AGAee 
AGACe 
AGAeC 
'GAee 
AGACC 
AGACe 
CH3 
AGlCe 
AGACe 
AGAee 
AGAee 
AGAee 
AGAee 
AGACC 
AGACC 
AGACC 
"GlCe 
AGACe 
AGAce 
AGAee 
AGACe 
AGlCe 
AGAee 
AGAeC 
AGAee 
"GAce 
AGAeC 
AGleC 
AGAee 

2.7 
26. 
2.' 
290 
291 
292 
293 
204 
20. 
296 
297 
298 
290 
lOO 
30' ,"2 
303 
304 
~05 
lO. 
107 
10B 
lOO 
110 
111 
312 
311 
314 
115 
31. 
317 

1 
31. 
110 
120 
12. 
122 
123 

1 
124 
125 
12. 
127 
32. 
320 
330 
131 
332 
333 
134 
335 
336 
3J7 
:5~8 
lJ' 
"0 
"1 "2 
143 ," 
345 



1060 CDNTINUE 
RETURN 
END 

390 

AGACC 
AGACC 
AGACC 

346 
347 
341 



391 
SU8ROUTtNE MO~RAT 
COHMON IACC~UNI DRLAT,A~LAT,~CLAT.VLANOl.Y~n'XT.TAXCT.AGSUT, 

1 DRLAM.A~L.M.ACLAH.VLANDM.VLO'X",TAXCH.AGSUM. 
2 D~LAV.DCRU,rARMIC.DBTOUS,DCRDT.RCSTDT.EXPLIV,NcrR. 
J ALPH1.T~C.rCeC~TR~SL3~'LF~TLFP,CPLr,RtN,.RINTL, 
4 CREVT.DI~.C25Q.C253,C25 •• LTí_LT2.LT3.CBSTGfCSTGH. 
~ EPCRP~.~CBOPU~pCROPL,PFCROP~ 
~ e'LDCJ,YLOCU,YLDCL,YLnrC.DYLDCU,DYLDCL,DlLDrc 

REAl. '¡CrR 
COMMQN ICATTLEI prGT.rE~T,prPT,p"QT,PMPT.TOPOPT.TOPOPR, 

1 prG~, prPM~PHQH,PHP~.TOPOPH,VACAPL,A~XL12, 
2 Sl.rERT.Sl.SCCT;sDl.OrT.Sl.S~l.T;Sl.SPT.Sl.SPTP.r&HSCT. 
~ SLreR~.~LSCCH~SOLOFM.SLSHLH~S~SPM,aUPB,rEHSCH. 
, PprGTT,pprPTT~pp"GTT,PP~PTT~pprGTH,' 
~ PPFPT~.PPHGTM~PP"PTM.ArGTT.RrPTT, 
~ R~aTT,RMPTT,RrGTM,RFPTM,RMGTM~R"PTH, 
, TnNTfrDNAT,TDNM.TDNMP,TDNAH~PATADTfQ"H,nMT,PFLACT, 
~ YMÁT.PA,PAP,PAPP.PRAT.EXPL,UNEXP~.CT202~C214,C244 

COMMON ICONTRLI T,DT,OUH,IRUN~BEtPRT,PRTCHG~PRTYL1,PRTVL2.lPRtNT. 
1 MAL,T~OD,TDO 

COHMON ILANnl TGL,TTGL,TTGLl.TlG~U1,TTGLU2,TQlSro, 
1 TRsL,TLMOO,TLMQD1,TLM002.TLMOD3,TTGLR,TGLR, 
2 TLCRL,lLCaU.TLCRUP.TGLSr,TGLuip,lLfC,TLC, 
3 XR1,R1,H2,PR2.PDR,CRH,RLH,RlHi.RLCRU,AUX1,AUX3, 
4 AP~1.~RM2,ARH3.A5.C9,ORT,CPlPT.XaeL.RPrN,GRE 

DATA Cll,E7~ER~E9.El1 / .03, 1 ••• 15~ .~,t5 I 
DATA E31,E:32,E33.Eal,E91 I 4000., 2JOo., 13~ 2 •• ,,3 I 
DATA T~0,TEi.TE2.TEr.EXMA~ I 5., 7 •• tl., 13t~ 500. / 
GRT • TTGLR/TOPOPT 
IrCDRl.AV.GE:DCRU)GO TD 2~O 
XTl.U : TGl.U1P 
GO TO 210 

200 XTLU = TLCRllP 
210 ¡rCT.GT.OT)GO TO 220 

el1 e P.lCRU.ARSCOCRU)/(XTLU*tDCRU-DRLÁV)) 
PRINT920.CL1 

920 rORHATC5HOCl.1:.E11.4) 
GO TO 230 

220 RLCRU • Cl.1.XTl.V'(or.RU.DRl.AVI/ABS(DCRU) 
230 AUX1 • AMINiCRl.CRU. O.) 

AUX3 ~ AMAXí(RLCRU~ O.) 
¡rCT.l.T.TMOO)GO TO JOO 
ErCAH • T-rMDD 
RLH • RLM+(R2~RLM).DT/Xue~ 
H2 • R2+CXR1-R2)'DT/XOEL 
R1 • R1+(CRM.Rl)*nT/XOEL 
XR1 • Rl.A5 
POR: CDRLA"_DRl.AT)/A9SCDIl.AT) 
EJ • E31·E32.F.XPC-~J3'ETCAM) 
PR1 ~ A~AX1(E7.fl.~EXP,~E6.CPOR·E9»). D,) 
CA~L GHAPH(TEb.TE1~TE2,rEr.EXMAX,T.EXT1) 
RLMP! e E3.PR1.~XT1 . 
RLM01 • PR1*TTGL*TLMUO/IGLO 
RLHI a RLHPt+RLMOI 
PR2 = ArAX1IE11*(1.·expt-E81*CE91-PDR)), O •• 
CRM • AMAX1(AMIN1(RLH1. AMIN1(A~Ml, ARH2).ARH3). 6.' 
GRM a (TLMOO+TRSL)/TOPOP~ 
GRR = TOLR/TOPOPR 

JOO CONTINUE 
¡rC!PRINT.l.T.1)RETURN 
PRINT9CC,T 

HOORA' 
"CCOU~ 
ACCOU~ 
ACCOU, 
"CCOU~ 
c.7 
ACCOU~ 
ACCDU' 
ACCDU' 
CATTl.E 
CATTl.E 
CATTl.E 
CATTLE 
CATTl.E 
CATTl.E 
CATTl.E 
CATTl.E 
CATTl.E 
CW5 
CW5 
LANO 
l.ANO 
LAND 
l.ANO 
l.ANO 
"DORA, 
MOORAI 
HDDRAI 
"DORA' 
MODRA! 
HODRA' 
HDDR A I 
MDDRAI 
MODRA t 
HDORAI 
MDORA' 
HOORA' 
HDDRAI 
MOORA' 
HDORAI 
MODRA' 
MOORA' 
MODRA' 
MOORAI 
MORA! 
MODRA' 
MODRA' 
MODRA' 
~DDRA, 
"DORA' 
MODRAI 
HODRA' 
HOORAI 
MODRA' 
MODRA' 
HDORA' 
~ODRAt 
MODRAI 
MOORA, 
MODRA' 
MODRAt 

2 
2 
J 
4 
5 
1 
7 
e 
• 
2 
3 
4 
5 
6 
7 
8 

• 
10 

1 
2 
2 
3 

• 
5 
6 
7 
e 
• U 

11 
12 
13 
10 
15 
16 
17 
18 
l. 
20 
21 
22 
23 
2. 
25 
26 
27 
28 
2. 
JO 
31 
3a 
J3 
H 
35 
36 
J7 
31 
3. 
'1 
.\ 
'2 



PRINT910,GRT,RLCAU.A~Xl,AUX3 
¡r(T.LT,TMOOlRETURN 
PR 1 NT950. PD~, E3~·PRí, EXh, ILHP I ~ RLMD 1, RL.'" I • PA2~ CA-'" 
PRINT955,Rl:R2~~Rl~RL~,GR~,GRR 
RETURN . 

900 frnRHAT(36H2nUTPUT Of SU8RQUTINe MOPRAT AT TI"E,r.,~) 
910 r~RHAT(lHD.9X.3~QRT'9K,'H.L.CRU~1X,4~'UX1,SX~4~.UX3'1~O ,'.,.(E11.4, 

1 . 1Xll . _ 
950 ,FORHAT(lHO,9X.3HPnR,9X,2HI3,lDx,3HPR1.9X,4HEXT1,8X.5HR~MPt.7X~ 

1 5HRL.~Dt,?X,4HRL.Ml.BX.3HPR2,9X,3HCRM/¡HC,9X.9CE11.,.lX), 
95' fORMA T (HiO. 9X. 21-1Rl~ 1 Qt. 2HIt2.1Óx. 3HXR1, 9X, 3HRI.MI9X, 3WGR"~ .X. 3HGRft¡ 

t lHO.9X,6CE11,4.1X), 
ENTRY MODSET 
TOLO • TGL 
HErURN 
¡NO 

MDDRAt 
"ODRA! 
MODRA! 
"DORAl 
MODRA I 
"ODRAt 
"ODRAt 
.CDRAt 
MODRAt 
HODRA! 
HODRAt 
MODRAt 
MODRAt 
HODRAI 
HODRAt 
"DORA' 

H 
44 ., 
46 
47 
~e 
~9 

50 
5l 
52 
5~ 
54 
55 
56 
57 
51 
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SUBROUTIN[ r.RTACC 
CDMHO!I IACCnUNI DRL~T.A~~Al.~CL~T.VLA~DT,VLDTXT.TAXCT.AGSUT, 

1 D~LAM,A~LAH,ACLAM.VLA~~~,VLDTXH,TAXCH,AGSUH, 

• 
• 

REAL tJ(.:F"R 

D~LAV,Dc"u.rARMlc,O~ToUS.DCROT.RCSTDT,ExPLlv,NcrR, 
ALPH1,TtC,TCEC,TR~SL3.TLF,TLrp.CPLr.RIN',RINTL. 
CQEPT,DIR,C25d.C253,C254,lTl,LT2,LT3,CBSTG,CSTGH, 
EPC~P~,~CROPU~P:ROPL.prCROP~ 
E1LrCW.YLOCU,YLDC~,YLnrC,D~LDCU,DYlOCL,oYLDrC 

CQHMQtl /CA'TTLf:¡ 
1 

pr~T.rEwT.prPT~PHGT,P~PT.TOPOPT.TOPOPR. 
prGM, prPM.PHGM,PMP~,TOPOPH.VACAPL,.UXL12, , 

3 

5 

• , 

SLrfRT,~L5CCT.SOLDrT,SLSHLT~SlSPT,SLSPTP,F6MSCT, 
SLFER~.SlSCCM.saLDr~.SLSMLH.SLSPM,&UPB,ri~SCM, 
pPrGTT.~prp'T~PPH~TT.PP~PT,~pprGTH, 
pprPT~,~PHGTH.PPHPT~,RFGTT.RrPTr, 
R~GfT,H~PTT.RrGTH.RrPT~,R"GTH~RHPrM. 
TD~T,TDNAT,TDNHtTDNMP.TONAM~PATADr.OHM.OHT.prLACT. 
YMAT,PA,P&P,PAPP,PRAT.EXPL.UNEXPL,CT202~C214,C24~ 

COHKON ICONTRLI T,DT,OUH.1RUN.8eGPRT,pRTCHG~PRTV~1,PRTVL2,IPRI~T, 
1 H"L.T"IOIJ,TDO 

COHMON ILANnl T~L.TTGL.TTGLL~TT3LU1.TTGLU2,T~LS'O, 
1 TRSL.TL~OD.TLM001.TLMo02.TLMOD3,TTGLR.TGLR. 
? TLCRL,TLCRU,TLCRUP,TGLSf,TGLUip,TLrc.TLC, 
3 XQ1.Rl.H2.PR2.POR.CRH~RLH.RlMI,RLCRU,AUX1,AUX3, 
4 A~Hl,AP.~2.ARM3,A5.C9.GRT,CPLPT,XDEL,RPTN,GRE 

DIMENS¡DN V'L~1(5).VAL52(1) 
DATA C-2:59.C272.C21J,C261,C282 I ,l. l •• 1 •• 2dJ., ,oJ2 I 
DATA SMALL51,DlfrS1.K51 / 4., 1,. 4 , 
DATA SHALL57,nIrf52.K52 / ~., t •• 6 , 
DATA VALS1 I 12.77. 13,5, 13,5, 14.5, 15.76 I 
DATA VAL52 ; 111 •• 115,~. 127 .. 147., 164" 163.5. 174, , 
DATA AL1,EXCH~1 I .D728. 15.76 I 
DATA WPEI,~P8CI~wpeR.~psCR I 174 •• 588.' .1ij .384 I 
DATA POPO I 15415700, , ' 
DATA CRFPR,PEOCR,l=ItNTC / 1 ... s •• 1 , 
CREPP Ji CREP 
CREP • AMAX1(CREPQ.CDEB, O.) 
CtNT • RINTr,.CDEB 
eoES • CDES.OT*CCLOAN-CHEPP) 
CCDT ~ D8TOIJS.'~JNT·RINTL)+COEB.(RI~T.RINTC' 
POP c rOPO*EXP(C2~2*T) -
PERCA~ = C2Hl.(SUPB-EXPL-UNEXPL)/POP 
ARLSK = ARLAT+A~LAM~CLOA~ 
ACLSK = AC~AT.ACLAH+C~~~+CI~T 
fARILA a fAQJLA+DT.rAR1L 
rARIL c ARL~K-ACLSK 
OSREVL z OSqEVL*OT.FA~IL.exPt·DJR.T) 
FARMIA • FARMIA+OT.fARMI 
rARMt : fARtL·rAk~IC 
VLAND : VLANOT.VLANOH 
VALCAP = VACAPL+VLAND 
VLOTAX ~ VLnTxT.VLDIX~ 
VLANDH • VLANO/CTnLR.C212) 
VLOTXH • VLnTAX/CfQLR.C273) 
COMLDX • VLnTXH/VLAND~ 
GOvREvA • G~vREvA+OT.r.~V~!V 
GOVREV • TAXCT.TAX~~+~LUTAX 
E~POS = VLAND+VACAPl·C~tB·OBTaUS 
ACRDTC = PEnCII.FQPaS 
CROAV • A~lt~l{p~QrR.EQPOS, AC~DTC' 
NCfP • AMAX1(fAPIL.C239*rjRMIC.eXPLIV, a.t 

CRuce 2 
ACCQU'4 2 
ACCQU'II J 
A.CCOU~ 4 

ACCOU'II , 
C¡,¡7 I 
ACCQU'4 , 
ACCOU'II 8 
ACCOU\I 9 
CA TTLE 2 
CA TTLE J 
CATTLE • CATTLE S 
CATTLE 6 
CUTLE 7 
CUTLE • 
CATTLE • CUTLE 10 
CW5 1 
CW5 2 
LANO 2 
LAND 3 
LANp • LAND 5 
LAND , 
CRUCC 7 
CRTACC e 
CRuce 9 
CRuce 10 
CRUCC 11 
CRTACC 12 
CRUCe 13 
CRUCC l' 
CRuce u 
C"' 1 
CRTACC 17 
CRuce 18 
CRTACC lO 
CRTACC 20 
CRTACC 21 
CRUCC 22 
CRUCC 23 
CRuce 2' 
CRTACC 25 
CRTACC 2. 
CRTACC 27 
CRuCC 2e 
CRUCC Z9 
CRTACC 30 
CRUCe 31 
CRTACC 32 
CRUCC 33 
CRUCe 3, 
CRUCC 35 
CRTACC 3. 
CRTACC 37 
CRTAce 3_ 
CRUCC 39 
CRT,CC '0 
CRuce '1 
CRUCC '2 



e 
C 
e 
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TDCRDC • AH.Xl(~rARIL·C2J9.r4RHtC.EXPLIV, DI) 
CLOAN • AHI~l(CRD'Y, TDCRDC) 
lr(T.~TI4.)aO ro 3eO . 
lrCT,GT,8.,GO fO 290 
EXCHR • 'A.eUF.(VAL51,Sf1ALL51.DIF''f51,K,51,l) 
ao TO 295 

290 E.J:CHR 11: EXC;oIR*DhRcHEI( 
29' RC'HEX • AL.l*EXCHRhEX-,Al..l-n.'8,» 
300 raA~XA • rO~EXA.DT.'04Ex 

l.rCT¡LT,04)GO TO 320 
l'CT,GT,10,IGO TO 310 
W.B • TABLIECVAL52~S"ALL5z.Ulrr52.K'2.T) 
G<l TO 320 

310 IrtT.GT,14.)GO to 315 
W~B e WPBr.ll •• WPRR+'T.1C,) 
(>0 TO 320 

315 WPBC • WPBcl.Cí.~WPBCR,(T.la.)) 
w-pe • ~PSC/4t3 

320 IF(T,EQ,7.,~XSUB • t15 
EWMAR • wPS*exCHA.tl.+,e*eXSUBi-PA 
FOREX • W'PS.EXPL 
SUBSE * FOREX.EXC~R.eXSU8 
SUSSA • sueSA*OT.SuBS 
SUB S • SUBse*CCDT+AGSU' •• ·GSIJH 
¡'CI.RINT.LT.l)RETuRN 
PR1NT90D,T 
PRINT910.CR~P.CINT;CDeB.EQPD$.CRDAv.eLOAN.TDeRDe.NcrR.eCCT 
PRINT920,rARIL.r~RILA,fARHI.FAR~I~.DS~EV~~AR~S~.~C~SK,PCp.p.eRCAP 
~RINT9~0.VALcAP;VLAND.VLDTAX.VLANDH.VLDTXH.CO"LDX.GOVREv,GQVREVA 
PR 1 NT9040 • s\,les. SUBSA." SUBSE, RCHEx f EXCHR. rORElf,FO.E1U, .E)!;HAA, "'''8 
RETURN 

900 FORHATC36H20UTPUT O' SUBROUTINE eRToec OT TIHE.r8.2) 
910 FOP.MAT{lHO,9X.4HCREP,8X,4~CINT.ex,4HCDeB.8X~5HE~POS.7X,5HCROAV.1X, 

1 5HCLOAN.?X.&~TOCRDC,6~.4~NcrR,eX.4HCCDT/lHÓ.8X,9E'2t·' 
920 r ORMA T (lHO, 9X, 5Hf AR 1 l, 7'1., 6Hf" 4R U.4 .. 6--)l, ;H' AftM f ,1X. 6M'ARH IÁ. 6X. 

1 6HOSIQEVL ~ 6X ~ 5"'ARlS~, 1X~ SIofA CI..5-K , 1X I 3HPOP-. 9-K,.-6f.1,P'ERC.'P/tHQ, 
2 8'X.9'f12.4) 

930 fORMAT(lHO,9X,6HVALCAP,6X,'~VLA~D,1X.6HVLDT,X~6X,6~Y~ANDW.6X. 
1 6HVL.OTXH~ 6X~ 6HCO"LDX, 6); ~ 6HIlOVftev. 61t.,MGo,,"eE\!A'lHB. 8', 
¡ 8H2:') 

940 FORHAT(lHO,tX •• HSUBS.8~,5ijSUBSA.1X.5WSUBSE,'X~5~RCHEX.'X,5NEXCHR. 
1 1X.5WFO~EX.7X.6H~O'EXA~6X.'HEXMAR.7X~3WW~B/1Ma,8x.9El2.4' 

INITIAL VALUES ro~ I~VESTME~T ACCQU~TING 

,NTRY CRTSE; 
EXSUB 111 O. 
F"ARIL. 1.: O. 
F'ARIL.A • O. 
rAffHI • O. 
rMl"lA • O. 
GllVREV • O. 
GOVREVA • O: 
DSF(E'YL • O. 
SUBS • O. 
SUBS'" • O. 
FOREX • Oto 
FaRE'XA • O. 
EXCMR • o. 
WPB • O. 
CREP • Q. 

CRUCC 
CRlAce 
CRTACC 
CRToCC 
CRTACC: 
CRTACC 
CRTACC 
cnoCe 
C'RhCC 
CRTACC 
CRTACe 
CRTACC 
CRTACe 
CRTACC 
CRTACC 
CRTAce 
CRTACC 
CRTACC 
CRTACC 
CRTACC 
CRTACC 
CHTACC 
CRH,CC 
CRfACC 
CRTAC'C: 
CRTACe 
CRTACC 
cRTAce 
cRTACe 
CR'hCC 
CRTAC: 
CRTACC 
CRUCe 
CRTACC 
CRUCe 
CRTACC 
CRUCC 
CRrACC 
CRTAce 
CRTAce 
CRTACC 
CRTACe 
CRUCe 
cRUce 
cRTAce 
tRTAce 
cRUCe 
CRTAce 
CRuce 
eUAce 
CRTAce 
eRTAce 
CRTACC 
CRTAce 
CRTACe 
CRUce 
tRTAee 
CRUCe 
CRUCC 
CRTACC 
eRTACc 

'3 .. .. .. 
f7 

f' •• 
5D 
51 
52 
53 
5t 
55 
56 
57 
58 
5. 
60 
61 
62 
63 
6' 
65 
6" 
67 
08 6. 
70 
71 
72 
73 7, 
75 
76 

" 78 
7. 
80 
81 
82 
63 
6. 
6' 
66 
87 
81 
89 
9D 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
lOi 
103 



eDES = O. 
CLQAN e D. 
OBTOUS • O, 
RETURrJ 
E~JO 
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CRuCe 
CRTAC: 
CRTACC 
CRTACC 
CRTACC 

10' 
105 
106 
iC' 
10' 
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SUIIROUTINE ORAPH(TO,T1,n,Tr,VHAX.T,OUT) 
IrIT-TO,40,40,15 " 

10 ¡,(T-T1'50,60,20 
20 1,(1-T2'60,60,31 
30 ¡,rT-Tr'70,40,46 
40 OUT. D. 

«nURN 
50 OUT' VHAXO¡T-TO,/¡T1-fo, 

RETURN 
60 OUT '. VMAX 

RETUR" 
70 ouT' VMAXo,T'-T,/¡fr-f2' 

RETURN 
END 

ORAP. 
ORAP. 
ORAPH 
ORAPH 
oRAP. 
GRAPH 
GRAPH 
o~." .. 
ORAP" 
GRAP. 
GRA'" 
GRA'" 
GR;'P,H 
GRAP" 

2 
3 

• 5 
6 
1 
e 
9 

10 
11 
12 
13 
U 
15 
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rUNCT10N TA~LIEIVAL.~~A~ •• Dlrr.K.PU""V) 
D1HENSlON ,AL(1) 
DUH • AMJN1(AllAX1(DUH~,·SM~LL~Ó.O,.rLOAT(K).Dirr) 
1 • 1 .... 00H/OIFr 
lF"(I,EU,K*l,t.K 
TAB.IE • IV,LII'1)"ALCI))'COUH-rLOATCI-1I'OlrrI/Dlrr+'A.CI) 
RETURN 
END 

UBLle 
rAB. I E 
HBLl E 
HBLlE 
HBLlE 
UBLIE 
HBLle 
HBL I e 

2 
3 
f 
5 
6 
7 
8 

• 
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FUN:tT I ON T ABEXE( V AL. S I1AI..L.. O 1 f'r , t(. f)UI1HV-) 
UrHENSION VA.(1) 
DUH • DIJM~1'hSMALL 
1 • HINO(MAW1(1 •• nuM/OltF,1,I.K) 
TA8EXE • (VAL( 1+1) •• 1.1 I".(DUH-r.ou( ¡-1I.0IFrl/DIFr.v.VlI 
f!ETURN 
E+IIl 

TASHE 
TABExe 
TABEXE 
TABEXE 
TASEX;¡ 
nsexe 
TA8He 

2 
3 

* ~ 

6 
7 
8 
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SU9ROUTl~E üELOT(QJNR,Ru~TR.CRo~TR,OEL,IDT.DT.K) 
OIMENSION CROUTRII) 
OELl • OEL.rLOAT(rOr'/(~~OAr(K,.Dr) 
ROUTR • o. 
DO 2 J.l,lDl 
ijlN • RINR/rLOATIIDT) 
00 1 ¡-l,K 
ABC • CROUTRO) 
CROUTRII) • AaC.IRIN-ABC1/DEL1 

1 RIN • ABC 
2 ROUTA • ROUTR.CRDUTA(~} 

RETURN 
END 

DELOT 
DELDT 
DELDT 
DELDT 
DELDT 
DELOT 
DéLDT 
DELDT 
DELOT 
DELDT 
DELDT 
DELDT 
DELOT 

2 
J , 
5 
6 
7 

• 9 
10 
11 
12 
13 
U 



SUBROUTIN' nEL'.IOINH.ROuTR.CROUTR.~EL.OT.KI 
OIHENSION CROUTAll1 
DELI • oeL/lrLOATIKI*UTI 
RIN • RINR 
DO 10 ¡.l,K 
ARC • CAOUTOIII 
CROUTR II I • ARe, l. IN-ABe I IDeLI 

10 RlfI • Afie 
ROUTR • CROIJTR(K) 
RETURN 
END 

D,LAV 
DeL .. 
OELAV 
DeL .. 
Del AV 
DEL AV 
DeLAV 
nELA. 
o-EL"'" 
DeL AV 
nELH 

2 
J 

• , 
6 
1 
8 
9 

10 
11 
12 



.IDR 

.IDR 
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IU8ROUTtNE 80xcI8lNR.'OUTl.TR,iN.NCO~~T.NOeY.l"'UMIN) 
DIN'HIION 'RAI911) 
NeOUNT • NCDUNT.l 
IUMIN • SUHtN*8tNR 
:r'NcouNT.N,.NO~Y)RETUR. 
IOUTR .' TRAINC~)/rlOAT1"OCY) 
Do U \J2.L' 

10 lRAINCI_l) • TRAINII) 
!RAINClT) • SUHIN 
SUHIN • D. 
NCOUNT' • O, 
RETURN 
END 

Boxe 
laxe 
BOXC 
BOxe 
Boxe 
soxe 
Boxe 
Boxe 
soxe 
BOxe 
Boxe 
so.e 
Boxe 
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