: >
) wonl 2 e 2

BB OTECA AGROPECLN's T - fif poss

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

By

Alvaro Posada

A DISSERTATION

Submitted to
Michigan State University

in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY
Department of Agricultural Economics

1974




o

B T T

BRLIOTECA ASiis o oo o

A SIMULATION ANALYSIS OF POLICIES FOR THE

NORTHERN COLOMBIA BEEF CATTLE INDUSTRY
By

Alvaro Posada

A DISSERTATION

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY
Department of Agricultural Economics

1974



ABSTRACT

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

By

Alvarc Posada

The Atlantic Coast of northern Colombia {(known as the
Costa) supports between 40 and 50 percent of Colombia's cattle
pocpulation and, with easy access to domestic and world mafkets,
is the most important of Colombia's five beef-producing regions.
Because cattle raising is the maln economic activity in the
Costa and is an extensive operation with low technical
efficiency, the region has been a priority target for cattle
development programs. In the mid-1960s, with the finanéial
and technical assistance of several internatiocnal agencies,
the Colombian government started a cattle development program
aimed at increasing beef production mainly on the Atlantic
Coast. In the early 1970s this program was reinforced with
a disease control program and then revised and issued as a
national cattle development plan. The main 1nstruments of
this plan are credit, technical assistance, export subsidies
and Improved marketing and slaughtering facilities. Its
long~term objectives are to increase the protein supply to
the Colombian populatlon and to generate foreign exchange

earnings.
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The primary purpose of this study was to develop a
system simulation model to (1) analyze the effects of production
incentives on the decision of farmers to adopt new production
methods, and (2) estimate the effects of the expanded regional
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 conéidered the improvement of natlve and artificial
grasses; alternative 2 considered the improvement of artificizl
grasses and the substitution of artificizl for native grasses;
alternatives 3 and 4 added theproduction of forages and silage
to the improvement of range lands in alternatives 1 and 2 re-
speétively. 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 %o land and capital constraints; (2) calculate yield
and ocutput of cattle and crops and their respective producer
and market prices; (3) provide the instrumental linkages for
government revenue, export trade policies, and production
campalgn policies; and (L) generate the performance criteria
necessary to evaluate the impacts of alternative programs on

the cattlie eccnomy through time.



Alvaro Pcsada

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 governmént production
campalgn promction, and (5) alternative cattle pricing and
expert policles. The results of the cattle policy experiments
were discussed in terms of the projected time ﬁaths (from 1966
to 1985) of five of the most important performance indices
incorporated in the model: (1) regional cattle population,
(2) Colombian beef consumption per capita, (3) regional farm
income from cattle, (4) capitalized grazing land value per
hectare, and (5) annual regional government revenue from
cattle. Experiments with disease control and export promo-
tion policies each used two indices instead cf the above
five: regional cattle population and extraction ratio for
the disease control policies and domestic market price of
finished males and export margin for the export poliéies.

In general, the study demonstrated that (1) the
projected oﬁtCOmes with the government disease control
campalgn were greater than under precampalgn practices in
the traditional herd; (2) the projected cutcomes 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 1n improved land and
the modern cattle population with government policles benefit-
ing both the traditicnal and modern operations were in all

cases lower than under policies beneflting only the modern
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operation; (4) the projected area in improved land with the
increased land taX rate was greater than the bagse run which
assumed current land tax rates; (5) the projected outcomes
with the removal of special taxes on cattle were lower than
the base run which assumed no removal of these taxes; (6)
given the assumptions on farmers' decisions and accounting
mechanisms in the model, avallability of credit for land
improvement does not seem to be a sericus constraint to
land modernization; and (7) the projected ocutcomes with a
flexible exchange rate suggest that thils 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 strategiles for the Costa's overall
development. Finally, the study demonstrated that the system
simulation apprcach with a computerized model eof the cattle
economy which incorporated information from diverse sources
and accounted explicitly for the dynamic interactions and
feedbacks that might occur can be a very useful methodological

tool for pelicy analysis.



To
Marla Lucila
and

Clara Lucia

ii



ACKNOWLEDGMENTS

I express my gratitude to Professor Glenn Johnson
for his guidance throughout my entire graduate program and
for his encouragement. Special thanks are due to Dr. Michael
Abkin for his assistance and critical yet perceptive comments
since the early stages of this study. |

I alsc want to thank Prs. Thomas Manetsch, Marvin
Hayenga and Leonard Kyle for their help as members of my
thesis committee. I am thankful to Chris Weolf for writing
the computer program; to Judy Pardee, Enid Maitland and
Patti Stiffler for typing earlier draffs of the thesis; and
to Addiann Hinds for her editorlal assistance.

I am indebted to the Rockefeller Foundation for
financlally supporting my studies at Michigan State University.
The U. S. Agency for International Development (under Contract
AID/csd-2975) was also very helpful providing financial aid
for the final stages of my research.

A special debt 1s due to my wife, Marla Lucia, for her
love, patience and support during this period of mutual

knowledge enrichment.

iii






TABLE OF CONTENTS ..

Page
“LIST OF TABLES . . v v v v 4 4 4 4 v o v v o v o o.viii
(LIST OF FIGURES . « & « v v v« v v v v v v v e e s X
" PART I--INTRODUCTION 1.
The Problem 1,
CHAPTER 1--SCOFE AND NATURE OF STUDY 3.
Agriculture in the Colombian EconOmy . 3.
Need for This Study . . e e e 5
General Systems Slmulatlon Approach ‘
as a Tool for Beef Policy Analysis 7
Purpose and Objectives . . . . « .. 14
CHAPTER Z2--A GENERAL DESCRIPTION OF THE
COLOMBIAN CATTLE INDUSTRY . . . .« . 15
Size and Location of Cattle Industry S
Production and Marketing Systems . . . . . 18
Beef Consumption . . . e v e e . . . 28
National Policies Toward the
Cattle Industry . . . . . . . « « . . . 30
Taxatiom . . . . . . + « . + + « . . 30
Land Reform . . . . . . + « « + « « . 33
Credit . ., . e L
Disease Control e 4 4 e e e e e e o. 37
Development Plan . . . . . . . . . . 38
Exports . . . . + + « « + . . . o . . 139
CHAPTER 3--THE REGIONAL SETTING Or
THIS STUDY . . . 5 1
The Geopolltlcal Settlng (5 X
The Population . . . . . . + . « + . . . . 42
Ecological Zones . . T
Climate and Natural Vegetation S 4
Soils ., ., . « e e e s e« . . LB
The Agrlcultural Economy T -
Cattle Production . . . . . . . . . . B&T
Agricultural Services . . . . . . . . B2
Cattle Marketing . . . . . . . . . . 64

iv



Page

CHAPTER 4--GENERAL SPECIFICATIONS

AND PROCEDURE . . . . . . e e e e e e .. BT
Area of Study . .« .« + « ¢ v e+« 4 . . . 67
Farming Sectors . . . « ¢« « + « + « & .« . BT
Ranching Practices . . . . . « . + « . + + 70
Modern Alternatives . . . . . . + . .+« . T2
Statie Restrictions . . . . . . . . . . . 13
Procedure . . . e .

FPART II-~MODEL DESCRIPTION
Introduction . . + + s 4 s » ¢ 4 4 o« 4 « . . 18

CHAPTER 5--LAND ALLOCATION AND MODERNIZATION

DECISIONS--CROPS/CATTLE (LAMDAC) . . . o« . . 80
Land Uses . . .. . . 80
Availability of Ag?icultural Land . . . . B82
Food Crops . . « « + . e+ v+ « . . . B85
Cash Crops . . e X
Pasture and Cattle O < 1
Alternatives . . . e . .« .« « s+ 95
Cattle Modernization De0151ons . - . . . . 96
Profitabilities . . e
Promotion and D1ffu51on S e 1

Transition Responses . « +. + + « « + + + » 105
Cattle Transfers . . « « « + « « « .+ .+ « .« 120

CHAPTER 6--AGRICULTURAL PRODUCTION-- _

CROPS/CATTLE (AGPRAC) . . . + . « + « . . . . 126
Crop Yields . . v v v ¢ ¢« « v « « « « . . 126
Pasture Production . . . . .+ .+ « « + « « . 129
Cattle Production . . . « . « . « « o . o« 137
Demography . . + . . S Y

Milk and Animals Output e s s e s . s 150

Market Model . . . . . . . . . . . . 155

Disease Control . . . . . . . . . . . 159
Agricultural Accounting . . . . . . . . . 163

CHAPTER 7--PRICE GENERATION (PG) . . . . . . . 184
Export and Market Price of Cattle . . . . 184
Producer Prices and Price Averages . . . . 187

CHAPTER 8--POLICIES FCR THE CATTLE INDUSTRY . . 192
Policies . . . e s s e e e e ... 193
Production Campaigns T Rk
Taxes . T e 1Y
Export Pollcies T o1

CHAPTER 9--ACCGUNTING AND PERFORMANCE
- CRITERIA (CRTACC) . . . + . . . . N e X



PART

PART

Budget Accounting .
Development Credlt
Commercial Credit

Agpregated Income and Consumptlon

Capital Formatiocn and Export Incentlves

Performance Criteria

ITI--VALIDATION AND TESTING
Introductlon e e e .

CHAPTER 10--DATA USAGE AND MODEL TUNING

Model Data Requirements .
System Parameters . . . . . . .
Technological Coefficients
Initial Conditions

Tuning
Con51stency Checks

General Validation

CHAPTER 11--RESULTS OF SENSITIVITY ANALYSIS
Analysis of Results e e e e e e
Methodology . . « . . .
Summary . . s e e e .

IV--MODEL APPLICATION IN DECISION MAKING
Introduction . e e e e e e e e e

CHAPTER 12~-POLICY EXPERIMENTS ON THE
NORTHERN COLOMBIA BEEF INDUSTRY
Peolicy Experimentation
Run Definitions and Organization
Folicies Related to Disease
Control . .
Policies Related tO Cattle and
Land Taxes .
Policies Relatea to Promotlon
and Development Credit
Pclicies Related to Domestic

supply . .
Policies Related to Crop
Modernization . '
Effects of Various Pollcy
Combinations

Policies Related to Export
Promotion e e e e
Conclusions . . v v « 4 o 4 4 W«

vi

Page

197
200
201
204
208
215

221

223
225
225
229
230
231
239
241

246
247

247
258

261

262
263
264
268
273
285
290
300
315

319
334



Page

CHAPTER 13--SUMMARY AND CONCLUSIONS . . . . . . 340
Introduction and Summary . . . . .« . . 340
Salient Features of the Costa Model . . . 342

Policy Implications from Simulation
Experiments on the Costa Cattle

Economy . . . . . . . 346
Improvements and Extensions of the

Model . . . .« < . . 3h9

Needed Improvements in the Model e + « « .« 350

Extensions . . . . . ¢« &« « + + « + . . . . 354

Coneluding Remarks . . . « . « « « . . . . 357

APPENDIX: Computer Program. . . . . . . . . . . . 359

BIBLIOGRAPHY . & . v v & v v v v & 4 win v v w o . boo

vii



Table

IT.

IT.

iT.

IT.

IT.

1T,

LIST OF TABLES

Cattle Numbers in the National Eerd and
Export of Live Animals, 1960-74
(1000 head). . . . . .o ..

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

Costa--Distribution of Farms Accordlng
to Size, 1960.

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

Surplus and Deficit Relatlonships in
Beef Production Among Regions,
Colombia, 1969-1972. . . . .

Costa-~Cattle Distribution According to
Size of Ranech, 1960. . . . . . . .

Selected Coeffiecients and Initial Values
in the Land Allocation and Modernization

Decisions Component (LAMDAC)

Average Annual Yield and Initial Costs
by Farming Sectors . . . . . . . . .

Maximum and Minimum Proportions of
Cattle Sales

Perceived Changes in Cattle Output and
Costs Durling the Flanning Horizon.

Selected Coefficlents and Initial Values
in the Agricultural Production
Component {AGPRAC)Y . .

Land in Crops, Average Yields and
Producer Prices in the Costa, 1960

Selected Coefflcients and Initial
Values in the Price Generation
Component (PG)

viii

Page

19
53
s4

58
60
62

123
128
154

177

101



Table ' - Page

I1.8. Selected Coefficients and Initial Values

in the Ac¢counting and Performance

Criteria Component {(CRTACC). . . . . . . 219
III.1. Profitability Response Parameters for

' Traditional and Modern Grazing

(Dimensionless). v + « v 4 4 4 e . . . . 227
I1r.2. Cattle Production Parameters . . . . . . . 228
I1T.3. Pasture and Crop Yields (tons/ha-year) . . 232
TIT.4. Mean Length of Cattle Production

Stages (years) . . . + + « + + 4 4 « . . 233
I1T.5. Selected Initial Conditions {1960) . . . . 233
IIT.6. Time Series Tracking . . . . . . . . . . . 237
I11.7. Results of Consistency Checks. . . . . . . 240
III.8. Selected Results of Alternatives to

Traditional Cattle Production-~1985. . . 243
I11.6G. Results of Sensitivity Tesfts on

Selected Parameters of the Costa

Model. . . . + & & + v & v + + & + « « . 250
iv.1l. Policy Simulation Runs . . . . . + ... . . 265

ix



Figure

I.1.

IT.1.
IT.2.
11.3.

IT.4.

il.5.a.

II.5.b.

IT.5.c.

IT.5.4.

I7.5.e.

LIST OF FIGURES

Colombia--the five beef cattle produ01ng

regilons. . .

Ecological zones of Northern Colombia.

Costa--general soll groups . . . . .

Hypothetical c¢ross-sectlion of alluvial

valleys in Northern Colombia . . .

Agricultural regions of Northern
Colombia . . . . . . . .

A functional flow diagram of cattle
production :

Building blocks of the Costa beef
model. r e e e e e e e s

The profitability response function.

The land "dropout™ function.
The reversion response function. .
Cattle production cochorts.

Traditional birth rate versus total
digestible nutrients . . . .

Modern birth rate versus total
digestible nutrients

Traditional death rate of growing
cohort versus total digestible
nutrients. . . .

Modern death rate of growing cohort
versus total digestible nutrients.

Traditional death rate of producing
cohort versus total digestible
natrients.

Page

17
46
ug.

50

68

71

75
106

. 115

116

138

142

142

143

143

144



Figure

I1.5.¢.

I1.6.

1I.7.

II.8.

iiT.1.

I1IT.2.

Iv.1.

Iv.z2.

IV.3.

IV.5.

Iv.6.

Iv.7.

IV.8.

Page

Modern death rate of producing cohort
versus total digestible nutrients. . . . 144

The cattle sales function. . . . . . . . . 153

The on-farm resource use response
funesion « v v . e e s e e e e e e .o 172

Promotion and development credit
profile. . .+ & ¢ ¢ 4 i 4 e e e e o« . . . 185

Results of "coarse" model tuning--
cattle population in the Costa and
Colombian beef supply time series
against simulated series . . . . . . . . 235

Results of "coarse" model tuning--market
price of finished males and land 1In
crops time series against simulated
SEFIES . ¢ 4 v 4 e 4 4 e e e 4 e . . . 236

Cattle population in the Costa with and
without a disease contrcl program,
1965-1985. . . . . . . . v . - < . . . . 270

Extraction ratio from the Costa cattle
herd with and without a disease control
program, 1965-1985 . . . . . . . . . . . 271

Cattle population in the Costa under
various taxing policies, 1965-1985 . . . 280

Beef consumption per capilta of the
Colombian population under various
taxing policies, 1965-1985 . . ., . . . . 281

Aggregated farm income from cattle
prcducticen in the Costa under variocus
taxing policies, 1965-1885 . . . . . . . 282

Average per hectare capitalized value
of grazing land in the Costa under
various taxing policies, 1965-1985 ., . ., 283

Annual government revenues from cattle
production in the Costa under various
taxing policies, 1965-1985 ., . . . . . . 284

Cattle population in the Costa under

various promotion and credit policies,
1965"‘1985- . - - - - . - - . - - - - - . 291

xi



 Figure

Iv.¢.

iv.1i0o.

Iv.11.

Iv.lz2.

Iv.13.

IV.14,

IV.15.

IV.16.

Iv.17.

IV.18.

Iv.19.

Beef consumption per capita of the
Colombilan population under various
promotion and credit policies,
1965-1985. .. .

Aggregated farm income from cattle.
production in the Costaz under various
promotion and credit policies,
1965-1985.

Average per hectare capitalized value
of grazing land in the Costa under
variocus promotion and credit policles,
1965-1985. .

Annual government revenues from cattle
production in the Costa under variocus
promotion and credit policies,
1965-1985.

Cattle population in the Costa and the

rest of Colombia under wvarious domestic

supply policles, 1965-1985

Beef consumption per capifa of the
Colombian population under various
domestic supply policies, 1365-1985.

Aggregated farm income from cattle
preduction in the Costa under various
domestic supply policies, 1965-1985.

Average per hectare capitalized value of
grazing land in the Costa under various

domestic supply policies, 1965-1985.

Annual government revenues from cattle
production in the Costa under various
domestic supply policies, 1965-1985.

Cattle population in the Costa with and
without a crop modernizatlion program,
1965-1985. . . . . . . o ...

Beef consumption per capita of the
Colombian population with and without
a crop modernization program 1965-
1985 ., . . o . . o . e e

xii

Page

292

293

294

295

301

302

303

304

305

310

311



Figure

Iv.20.

Iv.?21.

Iv.22.

iv.23,

Iv.24,

IV.25.

IV.26.

Iv.27.

Iv.28.

IV.29.

Aggregated farm income from cattle
production in the Costa with and
without a crop medernization program,
1965-1985. . . . . . . . . -

Average per hectare capitalized value
of grazing land in the Costa with and
without a crop modernization program,
1965-1985. . . . . . . . . . ..

Annual government revenues from cattle
production in the Costa with and
without a crop modernization program,
1965-1985, . . . .

Cattle population in the Costa under
various policy conditions, 1965-
1985 . . . .

Beef consumption per capita of the
Colombian population under various
policy conditions, 1965-1985

Aggregated farm income from cattle
production in the Costa under various
policy conditions, 1965-1985 . . . . .

Average per hectare capitalized wvalue
of grazing land in the Costa under
various pollcy conditions, 1965—
1985 . . .

Annual government revenues from cattle
production in the Costa under
various policy conditions,
1965-1985. . . . . . . o . . .

Domestic market price of finished males
under varlous policy alternatives,
1965'1985- . . . . . .a . . . . . . . .

Competltive position of Colombian cattle
in export markets under wvarious policy
alternatives assuming high export
target and moderate and low world
beef prices, 1965-1885

xiii

Page

313

320

321

322

323

324

330

331



PART I

INTRODUCTION

The Problem

Although planning for development has'been practiced
in Colombia for over thirty years, it has played a small role
in the preparation of economic policy, and the various plans
have been conceived more as political than as economic
documents.

Plans have been criticlzed as being\essentially tech-
nocratie exercises; the general public has cdhtributed little
to plan objectivés and serious intention to iImplement has
been lackihg. As a consequence, development plans have en-
joyed minimal general support and have had 1little or no
effect on changing the country's economic, social and polit-
ical structures [26].

The general systems simulation technique, with its
specizal approach to analyzing the problems of development,
could be helpful in solving the issues of feasibility, credi-
bility, and general accepfance of the planning exercise.

Yet 1ts effectiveness as a tool for development will depend
on the will of Cclombian authorities to provide the necessary

financial and institutional support for fulfillment of the

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

dure of the study and briefly outlines the Moystems approaceh”
used. Chapter 2 is a brief descriptive account of Ceclombian
beef production, distribution and consumption that will help
clarify the problems of the cattle industry. fChapter 3 de-
gcribes the region studied and tThe characteristics of its
agricultural production.f Chapter 4 discussez the modeling
specifications and procedure.

Part II details the Northern or Costa medel. Chapters
5 through 9 cover the land allocatlon and modernization de-
cisions component, the agricultural production component,
the price generation component, policy entry points and the
criteria and general accounting component.

Part III looks at festing and validation procedures
and results. Chapter 10 discusses data needs and the processes
of tuning the model %fto track time series of recorded behavicr,
The results and implications of sensitivity tests on model
parameters are presented in Chapter 11.

Part IV discusses policy applications of the model,
concluzions and areas for further work. Chapter 12 presents
the results and analyses of runs experimenting with various
cattle development policy coptions. Experiments include an
investigation of the sensitivity of policy results to changes
in certain parameter values. Finally, Chapter 13 presents

summary and conclusions, and outlines areas for further work

in refining, improving and extending the mocdel.



CHAPTER 1

SCOPE AND NATURE OF STUDY

Agriculture in the Colombian Economy

Although agriculture is Colombia's maln 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 maln source of employment with over half the Colombilan
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 outpuﬁ, or approximately
10 percent of GDP. Beef is the primary product.

But despite the agricultural Industry's Ilmportance,
the production of basic food c¢rops has barely kept pace
with a 3 percent population growth rate. Cattle slaughter
per 1000 inhabitants has been declining slnce 195C.

Colombia's economic growth has been responsive to
changes in the performance of the export sector and this
has been dominated by agricultural exports whlch accounted

for 78 percent. of total Torelgn earnings in 1970, While
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coffee has remained the country's major export, its share

of the totél value of exports has declined from 72 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 1966 [411. But Colombila's dependence
on agricultural exports which have unstable world markets
(e.g., coffee, bananas, sugar and cotton) has undesirable
disequilibrating effects which jeopardize development efforts
ané create the necessity of finding new sources of foreign
revenues. The development of the beef industry, for which
the outlook in world markets is consldered brilliant, willl
éccomplish the aims of increasing the domestic supply of pro-
tein for an impreoved diet and of helping remove both the for-
eign exchange and instability constraints. |

Yet in order tc 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 traditicnalism that
hes characterized the industry and fLo supply the necessary
inputs for modernization.

In recent years the Colombian government has revised
its policies toward the catfle industry and reorlented them
toward the attainment of increased beef produétion. These
policies have been associated with credit and technical
asslstance, disease control, land ownership rights, taxation

and export subsidies.
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The Colombian government has given priority 1in the
cattle development program to the Atlantic plain of Northern
Colombia because of that region's favorable natural condi-
tions, its accessibility to domestic and foreign markets, and
the fact that.it has the largest share of the country's cattle
population. This also supports the decision to focus the

present study in this geographical region.

Need for This Study

Since cattle production is not merely an important
econcemic activity but the only practical use for millions of
hectares of agricultural land not suitable for crop produc-
tion because of soill 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 Colombla's agricultural economy.

Several studies have been done on vérious aspects
of the Colombilan beef production and distribution systems.
General descriptions of the industry and analyses of current
and proposed policies have been done by Riley [61], the Food
and Agriculture Organlzation (FAO) [66], the Caja Agraria
[ 61, the World Bank [42] and the Instituto Colombiano
Agropecuaric [ 31]. Production problems and projections have

been recently analyzed by Henning [ 291, Von Oven [ 60}, and
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Atkinson [67]. Bowser [5] attempted to make productlon pro-
jections by regions and establish surplus and defilcit areas
under two systems of management. Dalnes [68] is attempting
to incorporate the cattle subsector into a broader sector
analysls of Colombian agricultufe.

More specialized studies on diseases and reproduction
problems have been done by the Instituto Colomblano Agropecuario
(ICA) and Gomez, respectively [31, 24]. Slaughtering, market-
ing and opportunities for exporting have been studied by
Anderson [2]}, Booz, Allen and Hamilton [4], Secretaria de
Agricultura de Antioquia [64], and Garcia Samper [23].

Profitability studies have been done by the World
Bank [42, 43], Federacion Colombiana de Ganaderos (FEDEGAN)
r20], and Instituto Colombiano de la Reforma Agraria (INCORA)
[347. More recently, the Centro Internacicnal de Agricultura
Tropical (CIAT) [9] made a survey of the catile 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 1ncluded they are trend—liké, stralght forward,
algebraic estimates. The credibility of these estimates has
aiways been gquestioned because of their reliance on time-
series data which deserve a low degree of confldence. Yet
they have served the purpose of providing background informa-
tion about the cattle industry and a basis, though wealk, for

planning its development. But except for the Bowser, FEDEGAN,



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 strategles of development on the
attainment of a multiplicity of obJectives such as employ-
ment, farm income, government revenues, foreign exchange
earnings, and others without neglecting the interactions wilth
other subsectors of the agricultural economy.

This dissertation is an attempt to integrate the
available information into a computerigzed model that will
provide the policy maker with a more informed basis for
planning development strategiles for the Colombian beef pro-
duction system'on the basis of the learning experience from
the Northern region. The basic parameters and structural
relationships estimated 1n thiszs study can be utilized in the
future for modeling the cattle industry in other Colombian
regions, and/or for developing a breader regional model of
Northern Colombia.

This study has gained from experience with other
simulators of cattle population and related activities
developed for Nigerla, Korea, Northeast Brazll and Venezuela
[53, 62, 51, 55]. The cattle population simulator developed
by the World Bank [43] also has provided an invaluable
experience. |

General Systems Simulation Approach as a Tool for
Beef Pollicy Analysls

n recent years lhere has been an lnereaslinge Interest

in the utilization of the systems approach for analyzing



complex developmental problems. Computerized techniques

the range of_alternatives which can be examined. FPolicy
makers and researchers have been placing more confidence
and credibllity on the general system simulatien technique
as its methodology and zpproaches for development'have been
better understood and developed [25, 46, H?j.‘ Public and
private decision makers have been presented ﬁith ar approach
that attempts'ﬁo builld a general model to trace the conse-
quences through time of following alternatlive courses éf
action based on at least as wide a range of klnds and sources
of data and information as declsion makers use without
specializing in any one technique to the exclusion of tech-
niques freguently used by decision makers./gln addition, the
approach carefully avoids premature application of maximiza-
tion techniques in situations where decision makers realize
that the multiplicity of goods sought and bads avolded has
not yet been reduced to a common denominator. These charac-
teristics make the generalized, systems-sclente simulation
approach very simllar, though more comprehensive and complex,
to the descriptive and paper-and-pencil and desk-calculator
projections which have maintalned a high level of c¢credibility
among decision makers ([477. f

. Regearchers have been provided with a technique for
analyzing.the problems of development without the method~
ological and theoretical restrictions of more specialized

techniques such as simultaneous equilibrium equations,
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iinear programming (LP), benefit/cost ratio analyses,
internal rate of return analyses, etc.i/ And as new con-
cepts and experiences regarding the formulation and imple-
mentaticn of gsystems approaches have evolved, many of the
early objections of statisticians concerning the reliability
of the estimates of rarameters, criterion wvariables, 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 démonstrated by Ladipo [50], and Johnson [47, 451
has analyzed repeatedly the possibility of empirically vali-
dating and verifying the normative concepts involved in
simulation models.

Econometric methods with probabllistically estimated
parameters rely heavily on time-series and cross-sectional
data not always available in developing countries. These
techniques also tend to be speciallzed on linear eguations
and behaviorai assumptions involving maximization in accor-
dance wlth neoclassical theorlies of the firm and household;
the economic forces that link the various components of an
ecornomy are assumed to be self-equilibrating as a consequence
of the maximizing activities for entreprensurs and consumers.
However, the validity of these two assumptlons has been chal-

lenged where the findings of these kinds of studies were to

l/For a more detalled discussion of various special-
ized techniques see Manetsch, et al., [ 53]. PFor particular

applications to the Nigerian cocoa industry see Chong [10].
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be used for policy analysis and prescriptions [53]. These
and other methodologilcal 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 ratles and
internal rates of return are other specialized techniques
which have géined considerable prominence in recent years.

LP is always used in an optimlzing mode in solving the prob-
lems of resource allocation and policy analysis. The other
two technigques have been used more for projedt analysis than
for analyzing alternative policies and programs. DBasically,
all these techniques suffer from a need for a common denomi-
nator among the goods being scught and the bads being aveided,
Moreover, the approach is quite mechanistic and may nct allow
rigorous analysis or interaction between researchers and
pelicy makers needed for a better understanding and improv-
ing ¢f the system.

L consideration of the distinctive attributes of the
various apprcaches employed for studying development alter-
natives in a variety of less developed setftings has led to
the present proposal to use the system simulatiocn approach
as a tool for development planning and policy analysis of the
cattle industry in Northern Colombia.

The general systems simulation approach, following
the principles of the selentific method and problem-scolving

research, is viewed as an lferative problem~golving process
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that includes problem formulaﬁion, 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
guestions being asked by the declsion makers involVEd.if
The general system simulation approach has been
specially applicable for sclving many of the problems of
economic development which do not meet the reguirements for
applying the simple maximizing computations of static pro-
duction, consunption and welfare economics. As decision
makers seek so many different goods and avoid so many dif-
ferent bads 1In developing the economy, 1t 1s 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 maintaln a philosophic orienta-
tion sufficiently flexible to permit analysis of cuestions
involving both the normative and the nonnormative values

always present when considering the goals of economic development.

i/For more detailed discussion of the philosophy and

methodology of the general system simulation approach for
problem-solving research, see Manetseh et al., [53], Abkin
(17, and Rosamiller et al., [62].



There are four distingulishing features of the general
system simulation approach particularly useful for the policy
analysls 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, gbvernmeht records, experiments, business
records, gualitative judgments and insights cof subject matter
experts, and descriptive work about the beef ihdustry Trom
varicus disciplines. Also a wide varlety of specialized
technigues are used from econometrices, linear programming,
partial budget, project analysis, ete. Since the research
and model-building process 1s 1lterative and flexible, new
information can be incorporated easily as it becomes avaii—
able, and the structure of the model modified accordingly.

Second, the system approach can incorporate many
types of funectional relationships into the model to closely
reflect the current or potential real system. These include
dynamic interactions, curvilinearities, discontinuities,
time lags, probabilities and irreversibilities.

Third, the approach does not have to assume (but does
not preclude) any profit or utility maximizing producers
and consumers, or any self-equilibrating economic adjust~
ments. It does not necessarily invclve a2 unique set of
optimizing socluticons based upon a common c¢bjective or a pre-
determined singular goal, which does not exist in reality.

In contrast, the appfoach is more guided by the problem

under investigation.
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Fourth, the system simulation approach provides an
experimental setting for exploring the conseguences of a
wide range of alternative plans or management strategies
that ultimately will assist policy makers in determining
the best course of action. Decision makers may te shown the
consequences of alternative 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 procjec-
ticns are available, Interaction among investigators and
peclicy makers will lead to a better understanding of the
trade-offs among the numercus goods and bads involved in
the solution of the problem. Developing, extending and
refining knowledge on the various goods and bads and learn-
ing about the trade-offs is a way ofﬁsolving the problem of
finding an interpersonally valid common denominator. As
stated earlier, this problem has contested the usefulness of
the approach used by some guantitative techniques of analysis
in examining the problems of economic development.

Further, in the iterative process, decision makers
and investigators can work interactively to soclve the remaln-
ing two major theoretical difficulties found in the analysis
of development when using some other problem-solving tech-
nigues. First, the sequence in which different action pro-
grams should bhe undertaken can be established, 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 studled, it is possible to develop
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a basis for choosing the best rule among the glternative
courses of action being considered. This solves the planners’
problem of choosing a declsion-making rule, especially under

conditions of imperfect knowledge and uncertainty.

Purpose and Cbjectives

 The purpose of this thesis is to develop a model to
help evaluate policy decisions that might be made in expand-
ing the production of beef in Northern Colombia through
time. DMore specifically, the objectives arve:
1) To develop a credible simulator that could

eventually be extended to other beef produc-

ing regions and be further integrated into a

national model.

2) To use the simulator

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

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

c) to estimate the effect of the expanded
reglional production on the income of
farmers, government revenues, domestic
beefl consumption and sustained level of
exportis.

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 Ccolombia
described in this chapter wlll help in understanding the
multiple problems affecting the industry.

Stock farming in Colombia 1s carried on in a variety
of ¢limates and ecological gzones that give rise to a wide
range of problems which 1limit beef yields and supply. The
principal limiting factors are the heavy incidence of animal
diseases, malnutriticn, deficient marketing and slaughtering
systems. Besides the tecﬁnical factors, government decisions
that affect the political, soclal, and economic environment

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

Slze and Location of Cattle Industry

Of the 114 million hectares in Colombia, only about
40 million are suitable for.crop and livestock production;
the remainder is under forest or 1s wasteland. Cropland
occupies approximately 5 million hectareg, which leaves 35
million hectares under livestock. Even if crop acreage
increases at 7 percent per annum during this decade, which
would be very rapld prowth, there sti11 would be 30 million
hecbares In 1080 with no practical alternative use but jpraz-
ing. ''ne natlon has the choice of producing cattle on this

15
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Tand o Jettineg 1t po 1dle,  Credid and wanngeeind mnnpowepe
are the only scarce inputs used by the livestocl subsector;
thus cattle production is not currently a competitor wilth
crops for scarce land,

Although statistical data are not extremely rellable,
Colombia supports about 20 million head of cattle, including
slightly more than 17 million beef animals. The rate of
increase 1in cattle numbers has been low, about 2 percent per
annum over the period 1550 to 1969. Since 1956, the rate
has been close to 3 percent [41]. Although Table I.1 shows
that herd numbers increased at about % percenf DEr annum
over the period 1965 to 1969, ICA {31]) has projected an
average rate of growth of 3 percent annually for the next.
five years.

The majority of beef cattle are maintained in tropical
zones which have been divided into five clearly differentiated
producing areas {(Figure I.l).l/

1}y The Atlantic Coast at én altitude of between

0 and 500 meters includes Cordeba, Bolivar,
Atlantice, Sucre, Cesar, Magdalena, Guajira,
and Northern Antioqula. Average temperature
exceeds 24°C and annual rainfall varies between
250 mm and about 2000 mm. Cattle population

is approximately 7.6 million head and area in
pasture 9.7 million hectares.Z

l/Max F. Bowger, "Prevrequisitos y Potencial para la

Exportacion de Carne en Colombia en la Decada de 1670,"
Agricultura Tropical, XXV (Bogota, Nov., 1969), 679.

g—’/Czitttle population and area in pasture for regions 1,
2, and 3 are taken from Caja Agraria [6]; for region 4, from
Bowser, ibid., 684; ana for region 5 from ICA [31].
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2)

3)

4)

5)

The Central and Upper Magdalena Valley at an
altitude of less than 1000 meters includes
Central and Southern Antiloquia, Eastern

Caldas, Tolimea, Huila, the Santanderes, Central
and Western Boyaca and Cundinamarca. Average
temperature exceeds 24°C and average rainfall
varies between 2000 and Y4000 mm. Cattle popu-
lation is approximately 4.3 million head and
area in pasture is 5.6 million hectares.

The Cauca Valley at an altitude of legs than
1100 meters includes Valle, Cauca, and parts
of Caldas, Risaralda and Quindio. Average
temperature exceeds 24°C and annual rainfall
varies between 100C and 2000 mm. Cattle pcepu-
lation is approximately 1.25 million head and
arez 1In pasture is 1.2 million hectares.

The eastern plains at an altitude between 500

and 1000 meters include Meta, Eastern Cundinamarca,
Eastern Boyaca (Casanare), Arauca, Vichada and
Guainia, Average temperature exceeds 24°C

and annual rainfall varies between 2000 and 4000
mn., Cattle population is approximately 1.5
million head and area in pasture is 16 million
hectares,

The South, at an altitude of less than 10C0

. meters includes South Eastern Narifie, Cagueta,

Putumayo, Amazonas and Vaupes. Average tem-
perature exceds 24°C and annual rainfall varies
between 1000 mm and 40C0 mm. Cattle population
is approximately .69 million head and area in
pasture is 3.5 million hectares.

Production and Marketing Systems

Cattle production in Colombia 1s an extensive opera-

tion depending almost exclusively upon pastures as a source
of feed inputs. Limited amcunts of feed concentrates are
being used in the more intensive dairy operations, and there

are a few cases of confined feeding of sieers.

For the nation as a whole, the averapge carrying

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

differences 1n capacity among the various classes of pastures
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TABLE I.1. Cattle Numbers in $the National Herd and Export
of Live Animals, 196C-74. (1000 head)

-
| No. of Change in Reglstered
Year Cattle Inventory Exports
19602/ 15,329 529.0
1961 15,679 350.0
1962 15,979 300.0
1963 16,279 300.0
19614 16,584 305.0 3.1/
1965 16,882 : 298.0 76.0
1966 17,372 490.0 58,4
1967 18,082 710.0 19.8
1968 18,830 748.0 1%.1
1969 19,576 7T46.0 58.3
19708/ 19,742 166.0 125.8
1971 20,334 592.0 191.7
1972 20,994 660.0 245, 08/
1973 21,573 579.0 282.0
1974 22,328 755.0 329.0

a/ Cattle inventories tetween 1960 and 1969 are from World
Bank Report [417].

v/ Exports between 1964 and 1971 are from Sarmiento {63].

¢/ Cattle inventories between 1370 and 1974 are projections
by ICA [311.

4/ Exports between 1972 and 1974 are low target projections
by Instituto de Comercio Exterior, INCOMEX {35].



and regions. The artificial pastures which malte up about
one-third to two-fifths of the total pasture area [61, 66]
have the greatest carrjing capacity: about 2.0 to 2.5 head
per hectare under good management. These pastures have a
carrying capacity 3.5 to 4.5 times greater than that of
natural pastures.

The highest stocking rates are in the Costa depart-
ments: 1.35 to 1.45 head per hectare; some of the lowest
rates are 1n the Eastern Plains (Los Llanos) where a breeding
cow and her c¢alf are carried on up to 10 hectares. In the
Magdalena and Cauca Valley regions the stoceking rate varies
from 0.74 héad to 1.00 head per hectare.

The national beef herd has been derived from "Cricllo"
breeds which still account for approximately 20 percent of
the total. The remainder have been upgraded from "Criollo"
by Cebu (mostly U. S. type Brahma) for up to three or four
generations., The hybrid vigor of the first crosses and the
adaptablility pf the Cebu to troplecal conditions contributed
to the popularity of this hreeding practice,

The size of producing units varies widely although
accurate statlistics on herd size distribution do not exist.
Large units exist in the Atlantic Coast, Eastern Plains and
South regions while in the mountain areas of Central Colombia
there are many small units with less than 10 head of cattle
per farm. Sixteen departments surveyed by the Departamento
Administrativo Nacional de Estadistica (DANE) [14]1 in 1060

had 98 percent of the cattle in herds of less than 200 head.
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4s wvarious measures of'productivity show, the
technical efficiency of the Colémbian cattle industry is
low. The "extraction rate," which 1s 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 fustralia and 24 percent in Argentina,

The calving rate (number of calves born as a percent
of females of breeding age) is undoubtedly very low. The
estimates of the national average calving rate range from 50
to 70 percent as compared to 80 to 90 percent'in countries
with well-~developed cattle industries.

Death losses are relatively high, averaging at least
8 percent a year for all cattle. Losses are greatest among
calves where mortality rates are often 20 to 30 percent or
more during the first few months after the calves are born.

The average growth rate is very low; slaughter age
is about Y years, although some of the better growers now
market steers at 3 years of age. This is s5till high compared
fto 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 U500 kg. llive 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 speclally bred for

the vproduction of beef are prevalent. Beef ylelds per hectare



and per animal are also low when compared with cther countries,
Von Oven [607], 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 Buencs Alres province in
Argenﬁina. Live welght yields per animal unit were 83, 40 and
117 kilograms for the Costa, the Easter Plains and the Buenos
Aires provihce, respectively.

Mortality and performance at all stages of growth are
affected materially by inadequate health ccntrol measures.
Major diseases or parasites which cause mortality or losses
throﬁgh the falling-off in production among the animals
affected are endemic foot-and-mouth (types A and Q), rabies,
anthrax, brucellosis, =2eptaecemia, ticks and tick-born revers,
black leg, screw worms, and a great variety of internal
parasites. Although effective control measures that could
be applied in Colombia exist for most of theée diseases,
treatments are not a common practice.

Since 1t first appeared in Colombla in 1950, foot-and-
mouth disease has caused significant losses that have been
estimated by the Institute Colombiano Agropeéaurio-mICA-#
at Ps. 332 million annually {31]. These losses are produced
by death, reduced weight, retarded maturity, reduced milk
production, and culled animals because of severe health
injuries. Furthermore, foot-and-mouth disease constitutes
an obstacle to trade between affected and Immune areas, and
precludes livestock and meat exports to countfies which are

free from the dlsease or on the way to eradicating it.

o
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Brucellosis, or infectious abortion, is next to foot-
and-mouth, among infectious and/or contagiocus diseases, in
causing the heaviest livestock losses. Brucellosis affects
about one-fifth of the cow population (1,136,000 head), and
about 2 percent of the stud bulls (9,600 head) [31]. Losses
in 1967 were estimated at Ps. 177.5 million and consisted of
some 136,000 miscarriages, permanent sterility in about 22,700
cows, impossibility of using 9,600 sick bulls, deaths of
about 5,500 cows, and permanent loss of milk in the affected
COowWs.

Losses due to parasites are probably equal to or
greater than estimated losses due to disease. In many
instances an animal may be sufficiently weakened by parasites
to readily succumb to identifiable diseases. The incidence
of internal parasitosis is enormous, especially among calves;
losses may run as high as 15 to 25 percent. Externallpara—
sitosis 1s a disease almost entirely confined to animals
in the subftropical and tropical zones, where it affects 75
percent of the stock. External parasites cause heavy losses
by retarding growth, raising the mortality index and damag-
ing the hides.

Cattle precduction and ylelds are also limited by
problems of nutrition. Seasonal fodder shortages coupled
" with deficlencies of minerals and vitamins lead to the
diminution of milk and beef yields, to retarded growth and
to death in some cases. Furthermore, the reproductive

functilons are affected, sometimes so seriously that the
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animals become infertile or fecundity is reduced; and this
in turn greatly lowers the birth rate. Gomez [247] reported
up to 20 percent cof cows between 2 and over 10 years of age
as having permanent infertility, with trophic problems
(associated with nutrition) as responsible for 8E percent
of the cases.

In addition to seasonal shortages, forage production
1ls aggravated by the underdiversification of pastures and
the absence of satlsfactory rotation practices. Little
attention is devoted to the management and Qare-of pastures
and they often detericrate 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 te traditional routine practices.

But husbandry deficiencies are not the only example
of poor management. Most ranchers do not keep accounting
and productioﬁ records and have scanty, imperfect knowledge
of supply and demand trends as well as ¢f the market situation.

Defective management and extfensive methods offer
few opportunities for employment and higher salaries. Labor
intensity in.cattle production is 3 man~days per head-year

or 1.71 man-days per hectare-year as compared with 50 to
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65 man-days per hectare-vear for most annual crops and with
120 to 300 for most vegetable and fruit crops [69].

Daines [70] gives another measure of.the low labaor
intensity and high investment requirements to generate new

1/

employment in livestock. In livestock=" labor is 1.0 to 4.3
percent of total costs as compared with 20 to 68 percent for
mest crops. And it takes from 6,300 to 26,255 dollars of
investment to generate a new direct man-year of employment
in livestock as compared with 300 to 3,270 dollars for most
Crops.

The failure of the supply of livestock commodities
tc react to the high demand elasticity by which they are
characterized 1s attributable not only to production difficul-
ties but also to the problems created by current marketing
systems. The deficlencies affecting the rounding-up and
transport of livestock, as well as slaughter and beef dig-
tribution, are manifold.

The marketing system 1s extremely fragmented; many
small buyers and commission agents serve the ranchers, and
there are many slaughterhouses, many agents placing meat in
slaughterhouses, and many small stores selling meat. Most
animgls are bought on the farm, and are usually purchased
with little consideration of welght or quality. Cattle are
shipped directly to "ferias" or stockyards, which are located
throughout Colombia. Medellin i1s the most important market

and often sets the price standard for the country.

l/Includes wool, eggs, poultry, pork and beef.
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The high cost of transporting livestock has been and
will continue to be one of the most serious marketing prob-
lems confronting the industry. Serious losses of weight
occeur durlng on-the-hoof movements. Cattle trailed for long
days-~from the Llanos for instance--lose up to 15 percent of
thelr weighf, in addition to which mortality must be taken
into account. Severe weight losses are also registered in
animals taken by boat; 1in some cases the time between the
departure from the farms, arrival at the port of lcading and
transport to the place of destination may be as long as 195
days or longer. Although truck and rail transport cause
fewer losses, these means are deficlent and costly and the
animals are badly mishandled in transit.

Methods of slaughtering and slaughterhouse services
are extremely old-fashioned in most municipalities. Condi-
tions are unhyglenic, and as a general rule there are no
veterinary services for proper inspection of the cattle on
the hcof and the meat. One of the chiefl drawbacks is too
many small slaughterhouses where the volume of operations is
not large enough to flnance the equipment, construction and
services which would be required for efflcient organization.
Only about & percent of the slaughterhouses are located in
major ciltles and provide technical and hygienic services.

Among other serious deficiencies in the slaughter
of livestock and the handling of meat are the inefficient

utilizatlon of slaughter by-products and the lack of
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refrigeraticn facilities, even in torrid climates where
meat spoils in a very few hours.

Prices of cattle and teef have been rising with the
general inflatlon that has prevalled in Colombla for several
vears. Prices of cattle at the ranch, on a liveweight basis,
were approximately 5.1T7 pescs per kilogram in early 1970,
equivalent to U, S. $0.28 per kilogram liveweight. Deflated
consuner beef prices have inereased by 18 percent from 1964
through 1969, while prices at the ranch only increased by
13 percent [417].

In addition to the rising secular trend, heef prices
show both seascnal and c¢yclical 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 official exports of livestock products
were negligible, but have since shown substantial inecreases.
In 1970, these exports reached over U. 8. $21 million [63].
In 1974 livestock exports are expected to range between a
low target of U. S. $51 and a high target of U. S, $107
million [357. |

Exports of beef (frozen, refrigerated and chilled),
viscera and processed mealtl have been increasing in importance.
Estimated values for 1971 were U, S. $6.0 million for bheef
and U. S. $0.17 million for viscera and processed meat as
compared with U. 8. $2.4 million and U. 8. $1.08 thousand

in 1965, respectively.
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Peru has been the mcsh lmportant market for live
cattle followed by the Duteh Antlllen, Freunch Culsun and
Venezuela. Illegal exports of live animals, predominantly
to Venezuela, have been estimated between 100,000 and 300,000
head annually. Spain, FPeru, the French Antilles and French

Guiana have bheen the most important markets for beef,

Beef Consumption

Registered or controlled slaughter in 1970 was 2.366
million head, but total slaughter was estimated at 2.603
million head after increasing the former by 10 percent to
account for unregistered or clandestine slaughter [63].£/

Although the trend in cattle slaughter has been
upward, there have been significant'variations [23, ©61].

From 1954 to 1957 slaughter increased 27.5 percent and then

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

increased again by 30 percent. From 1965 to 1968 slaughtér

decreased by 3.2 percent and then turned upward again during
the next three years.

Slaughter of male cattle fluctuates less than that
of females and averages about 60 percent of total slaughter.
Female slaughter averages about Y40 percent of total slaughter
and has ranged from 34 percent in 1954 to 44 and 43 percent
in 1951 and 1965 respectively [1€, €1]. Consequently, the

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

1/

= This refers %to domestic consumption., Official
statisties usually 1include registered exports of beef and
live cattle,
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largely due to changing policies of farmers who withhold
females for breedling purposes. Apparently, accumulation
and liquiddation phases In the cattle cycle are completed,
on the average, every seven years,

The trend in per capita consumption of carcass beef
has been slightly downward due to the more rapid rate of
growth in the human population than in total beef production.
Registeréd cattle slaughter decreased from 123 head per 10C0
inhabifants in 1951 teo 110 head in 1970. Per capita con-
sumption decreased from 29.6 kg. in 1951 to 22.8 kg. in

1970,%/

but when unregistered slaughter is considered, per
capita consumption in 1970 increases to 24.6 kg. Yet, unequal
distribution of income aggravates the nutritional problem,
leaving peasants and low income urban groups with a consump-
tion of 18.0 or less kilograms [31]. Undoubtedly heef con-
sumption by the mass of the population is below the recom-
mended nutritional requirements set at 28.0 kg. [9].
Increases in domestic demand will depend on popula-
tion growth, per capita income and income and price demand
elasticities. Assuming no price changes, domestic demand
is expected fo grow at approximately 4.8 percent annually
[31]. This assumes an 1income elasticity of .6, and annual

rates of growth in population and real income per capita of

3.2 and 3.0 percent respectively [31].

l/ﬁstimﬂtm based on an overall dressed carnaso

averape ol 200 k.
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Riley [61] and ICA [31] have projected domesticlcon-
sumption in 1975 using different estimates for fthe average
consumption per capita. According to Riley, if per capita
consumption remains at 23.75 kg. annually--the average for
the 1558<60 period--domestic consumption in 1975 would be
571 thousand tons or a 64 percent increase over the 1958-60
average of 347 thousand tons. If per capita consumption
rises to 29.06 kg., domestic consumption would double the
base period average. The ICA estimate shows that if per
capita consumption is 25.9 kg. annually-~~the average for
196L--domestic consumption would increase to €40 thousand
tons by 1975 or about 85 percent over the base period.

The parameters determining the rate of growth in
‘demand and the estimates of domestic consumptlon suggest the
need for well coordinated government pollcieg if the goals
of improved‘nutrition, production incentives and increased
foreign exchange are to be attained. If beef supplies are
not increased substantially, the income of The lower income
group is not raised, or beef substitutes are not available,
large numbers of the population will continue to be under-

nourished.

National Policies Toward the Cattle Industry

Taxation. Incentives for beef cattle production in
Colombia are crucially affected by government policy. Cattle
ralsing is subject to the same income and complementary

taxes {net worth and excess profit) as any other economic
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acktivity. But certaln special provisions by which costs
and income are computed favor the catitle producing taxpayer.

The essence of this tax policy relategs to the cost
basis on which profits are calculated. For tax purposes,
the cost of livestock sold is the purchase price only if
acquired during the tax year. If cattle are sold in the
year following that of purchase, then the approximate market
value at the end of the previous year 1s 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 1s also designed to encourage ranchers
to engage in breeding activities or to hold females rather
than males in inventory to build up the national cattle herd.
A net worth tax exemption and two taxes support this policy.
The first is a slaughter and export tax which differentlates
between the sexes: 50 pesos per head for males and 1C0 pesos
per head for females. The second is a selective inventory
tax equivalent to the value of 4 kg. livewelght per head
which applies only to males over one year of age. The amount
of this tax varies from year to year. In 1971 it was 18.40
pesos per head.

A final element in government taxation of the live-
stock industry is a general inventory tax. Any individual
or corporation whose investment in livestock exceeds Ps.
15,000 at the close of any year from 1959 through 1980 is

subject to a levy of 1 percent on the net investment.



32
Taxpayers who elect to subscribe for shares of Banco Ganadero
and the Fondos Ganaderocs at par, in an amount equal to the
total tax due, are exempt from cash payment of the tax.
This is in faét the customary form of payment, and 1t pro-
vides an important part of the capital of these credit
institutions.

A property tax of 4.2 mills on the assessed value
of land i1s also levied on the cattle subsector. Additional
surtaxes of three and two milis are levied on assessed
properties in the areas comprising the Corporacion Autonoma
Regional de Valle del Cauca (CVC) and the Corporacion
Regional de la Sabana (CAR),l/ respectively..

In 1971 the Colombian Government proposed the use of
presumptive techniques for a more effective income taxation
of agriculture, and finally in 1972 passed a law for approwval
by Congress [563. 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) 7% percent for temporary crops, and
(3) 80 percent for annual crops. The presumed income 1s 10
percent for all crops and cattle fattening,_ﬂ percent for
cattle breeding,g/ and 1s also subject to the normal pro-

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

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

Q/Javier Ayala, "Nueva Propuesta Sobre Ley Agraria,”

El Tiempo, (Bogota) January 20, 1972, p. 1.
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out the special inventory ftax on males and provides tax
incentives én reinvestments in the farm. Fifty percent of
farm income in excess ¢f the presumed income is exempted
froem taxation if reinvested during the year following the
fiscal year.

Land Reform. Large holdings and extensive methods

in cattle ralsing have made grazing lands an easy target

for expropriation and land distributicn 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 inecreasing need for farm products, and
considering that threats of expropriation havé discouraged
long-term investments and hampered agricultural development,
the government in 1971 undertock a major revision of Law 135.
The revised law,l/ now pending approval by Congress, provides
for more protectlion against expropriation of adequately
utllized farms and for more faverable compensation terms
if expropriaticon occurs.

The designation of farms as adequately utilized has
been tightened; it now includes, among cther 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

Y/ 1v1a.
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is 500,000 pesos or less, with this proportion decreasing
gradudally as the total land value Increases. The balance
will now be paid in five years with infterest bearing and
negotiable government notes.

Credit.. Government direction of agriculturzl credlt
is carried on through a complex of official rediscount
facilities, reserve requirements and direct legislation.

The Monetary BRoard, appointed iIn 1963, has legisliative
contrel of the banking system and 1s responsible for setting
legal reserve requirements, interest rates and term of loans.

Lending to the agriculfural 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 [4#1]. The livestock
portfolic'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 1958-1567 the livestock
portfolioc 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 Ganaderc 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 6f thelr funds for
breeding and growing. The law alsoc requires that commercial
banks lcan not less than 15 percent of their deposits for

agricultural purposes.
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At present, the Caja Agraria and Banco Ganadero are
the two most important sources of credit to livestock
producers. In addition, commercial banks are required by
law to lend 15 percent of their deposits to agriculture,
including loans for livestock development. In 1967, the
Caja Agraria held #47.9 percent of the livestock portfolio;
the commercial banks 30.0 percent; Bancoc Ganadero 18.6
percent; and Banco Popular 3.5 percent.

Institutional credit is avallable to cattle preducers
at varied interest rates and terms. In general, 1lnterest
rates charged to small and medium producers range from 3
to 12 percent annualilly, which are below the current commercial
rate of 14 percent. Interest rates charged to large producers
are more in 1ine with the commercial rate.

Terms for repayment vary greatly according to the
purpose of the loan. For fattening activities terms do not
exceed one year, while for breeding and land improvements
terms range from three to twelve years. Grace periods from
one to four years have been Inftroduced to accommodate better
the repayment obligations to the slow refturn 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
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AID to INCORA, and funds for the Banco program come from
INCORA's Fondo Rotatorico. The Caja also administers a loan
from the World Bank for livestock development programs. The
Banco Ganadero has been using funds from the Inter-American
Development Bank (IDB), the Dutch Government and AID for

the same purpose.

Loans from these programs are being devoted mainly
to beef production in the Atlantic Coast and the Eastern
Plains. Ranchers borrowling from these funds have to par-
ticipate with 20 percent of the estlimated cost, receive
technical assistance and invest up to 70 percent of the loan
on farm Iimprovements. Interest rates are 14 percent annually,
the term_of repayment is up to twelve years with a three- to
four-year grace period.

Another form of credit quite common in Colombia,
known as "cattle-in-partnership,”" i1s made available in the
form of cattle for which the rancher provides pasture and
supervision, Profits are shared when the cattle are sold.
The cattlé are financed by the private sector andéd the Fondos
Ganaderos {(livestock funds), for whiéh finanecing 1s provided
by departmental and national governments and by the Banco
Ganadero and Caja Agraria. A usual profit sharing arrange-
ment is 60 percent rancher, 40 percent financier. While
such an arrangement has the advantage of not impairing the
rancher's borrowing capacity, it is probably equivalent to
a loan with interest between 15 and 20 percent {(depending

on the profit shared).
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Despite the priocority given by the government to
agricultural credit and the increased channeling of resources
to 1t, there 1s still an unsatisfied demand for long-term
credit, ZRecent agricultural credit policies have been
oriented toward increasing the availability of funds and
raising the interest rates to ensure a better utilization
of scarce capltal resources.

Changes in agricultural credit policies have included:

(1)} Increased use of supervised credit. Credit
1s now considered an effective meang of intro-
duecing ftechnolegical change.

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

(3} Increased and preferential rediscount gquotas
for loans made by Caja Agraria and Banco Ganadero.

(4) Preferential rediscount rates for Caja Agraria,
Banco Ganadero and INCORA.

(5) Obligatory investment by commercial banks for
32 percent of its loan portfolioc for develop-
ment. The latter includes Law 26 locans and
other loans of the agricultural =zector.

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

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

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

Disease Control, With an international commifment

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

to ICA the attainment of this goal and the eradication of



38

brucellosis, To meet its commitment, and with the Tinanceinl
assistance of {he Tnter-Amcrican Developnient Rank and the
technical assistance of the Pan-American Center Apainst
Foot-and-Mouth Disease, ICA prepared a two-stage plan
beginning in 1971.

During the 1971-197% stage the campalgh will be
concentrated in the Atlantic Coast region where 83 percent
of the cattle population will be treated by the end of the
period. In the same year the proportion of cattle treated
in the rest of the country will be approximétely 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 contrel 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 cof brucellosis by 1974.

Development Plan. In 1972 the Ministry of Agriculture

prepared a comprehensive livestock development plan for
Colombia.l/ The objective was to establish livestock pro-
duction goals for the next decade and then to outline in
detail the necessary plan of action to help achieve the
desired goals.

The most important policy instruments are: (1) tax

incentives for breeding and farm improvements; (2) increased

i/"El Gobierno Modifica Su Politica Ganadera,"

El Espectador (Bogota), November 7, 1972, p. 1.




availability of credit and easier credit terms; (3) increased
associatlion c¢f 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 attalned,

Exports. General measures to promote exports are a
more flexible exchange rate policy and a 15 percent tax

bonus {(Certificado de Abono Tributario-~Q;§i@gpcentive 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 speclfically, the govern-
ment has begun to promcte beefl exports through a semi-~public
lending institutlon, Corporacion Flnanciera Agropecuaria
{COFIAGRO). About 80 pefcent of COFPIAGRO's portfolioc 1s
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 éovernment hags recently taken two new measures
intended to regulate the domestic and export markets. Begin-

/

ning July 1972i beef has heen banned two days a week from

restaurants, hotels and similar publie cutlets. ZBeginning

January 19732/ a gucta system regulates exports to avoid

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

2/"E1 Gobiernc Fija Cupos de Exportacion 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 animals and an increase in
beef and processed meat exports.

Domestic marketing of beef ls also being improved;
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, Cordoba, Magdalena, and Sucre considered in this
study and known as the Cecsta, are part cof the Atlantic or
Caribbean plain which is one of the five geographic regilons
into which Colombia is divided.Y The capitals are
Barranquilla, Cartagena, Valledupar, Monteria, Santa Marta
and Sincelejo, respectively. In 1564 these six states had
a population of about three million within an area of 112,055
square kilometers; these figures were 18 and 10 percent of
the total Colombian population and area, respectlvely [17].

The Atlantic plain is 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 agbove the

valleys floors and in the surroundlng mountains. With the

;/The other four are: Andean region, Pacific Coast,

Orinoco region and Amazon region. Geographically the depart-
ment of Cuajira and the Antloquian reglon of Urabi are included
in the Atlantic plain, btut for all practical purposes this
study will refer to the slix departments listed.

41
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" exception of the Sierra Nevada de Santa Marta In the north-
east, the altlitude varles between 0 and 500 meters.

The most important rivers are the S8ini iIn the west,
and the Magdelena with its three major tributaries, the
San Jorge, the Cauca and the Cesar. The Magdalena, Cauca,
San Jorge and Sini rivers are navigable and serve as impor-
tant means of transport.

The region has a relatively good network of roads
which cdnnect the main urban centers, but access roads to
the agricultural areas are few and inadequate, especially
during the rainy season. |

The rallrcad connects the peort of Santa Marta with
Bogoth, Medellin and Cali. Air transportation is available
both for passengers and cargoe Trom the airports iIn the capltals
and from air strips throughout the area. The sea ports of
Barranquilla, Cartangens and Santa Marta have modern fac-
ilities and serve a substantial part of the Colombian

export-import trade.

The Peopulaticon

The Costa population has four major attributes, most
of them characteristic of other regions in Colombila. First,
the total population in the Costa has been inereasing at an
increasing rate. The annual average rate of population

growth 1is estimated to ke 3.23 percent.l/

If it continues
at this rate, the populatiocon will double in approximately

22 years.

1/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 sguare kilometer) and Cesar the lowest
(11 inhabibtants per sguare kilometer). In 1964, about 61
percent of the population was urban, and approxlmately 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 1in
the four major cities mentioned earlier ié estimated to be
near 5.0 percent annually); (2) migration from urban and
rural areas tc the neighboring labor-short Venezuela; (3)
seasonal in- and out-migration of the rural labor force to
accommodate the demand for harvest labor, especlally for
cotton, in the region and in the rest of the country; (4)
migration from the rest of the country and from the region
toward the new rural frontier areas along the Valle del
Cesar, the Magdalena, and the low Cauca; and (5) out-migraticn
foward other regions, especially the more developed urban-
industrial departments.

Fourth, education, occupational status, and income
per caplita are unevenly distributed, not only between the
urban and rural populations but among the departments in
the region. Literacy ranges from 40 percent in the more

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

tion of economically active population engaged in agriculture,
forestry, hunting and fishing ranges from 60 percent in the
departments of Cordoba, Bolivar, Sucre, Cesar and Magdalena
to 16 percent in the department of Atlantico [17].

Although the 1964 census lists no flgures on 1lncome
per capita, inccme 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 colliected by the Departamento
Administrativo Nacional de Estadistica [DANEL.) In 1970,

DANEE/

examined the family income of urban and rural workers
in the Atlantic region, in.four other Colombian regions,
and the city of Bogotid. For the Atlantic region, DANE
estimates that 63 percent cof the employed urban population
and 84 percent of the employed rural population had a
monthly income of 1,000 pesosg/ oer less.,

The 1970 DANE sample estimated over unemployment
in the Atlantic region to be 10,96 and 7.73 percent of the
econonmlically active populaticn for the urban and rural areas,
respectively. But unemployment is more seriocus than these

figures suggest. The number of people suffering from shortage

of work is probably larger than the observed numbers actively

l-/Dﬁld\IE, Encuesta de Hogares 1970, Bogot&, June (1971),

pe. 1-59.

g-/One U. 3. dollar eguals 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 infto four distinct
ecological zones characterilzed 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 fropical dry-humid
forest south of the humid savannah; and (%) the tropical

humid forest in the extreme south (Figure I.2).£/

In turn,
each zone can be divided into two special natural reglons--
the flood plains and the uplands--distlnguished by theilr
solls 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 1in these zones

are climate, soll moisture and soil types.

Climate and Natural Vegetaticn

Rainfall and temperature are the two most lmportant
elimatic features. The region alternates between two
contrasting rainfall patterns: a low raln or dry period

from December through March, and a high rainfall period

l/In this and the following two sections, I have
drawn heavily on the Magdalena Missilon Report [13].
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from April through November, In general, rainfall increases
and dry periods are shorter from north to socuth.

In the dry-humid savannah of the north, total annual
rainfall averages less than 900 mm. The humid savannah
receives between 1000 and 2000 mm. annually, the dry-humid
Torest about 2000 mm., and the humid forest in the south
over 2000 mm. An equally important feature is the seascnal
distribution of rain. The litftoral recelves hardly any
precipitation in the dry season, whereas the other zones
recelve a fairly substantial amount throughcut the year
(an average of 23 mm. per month during the dry season).

The annual average temperature ig about 27°C. Through-
out the rainy season, the humidity 1s over 80 percent. Dur-
ing the dry periocd, wiﬁds fiow from the sea causing the
temperature and humidity to drop slightly, but this effect
decreases with increasing distance from the littoral.

The natural vegetation of the Atlantic region can be
divided into three basic categories: (1) the dry-humid
savannah in the north characterized by xerophitic and sub-
xerophitic vegetation and grasses; (2) the humld savannah
in the center characterized by a mixture of natural grasses,
scattered shrubs and thin to thick forest in the more wet
areas riear the rivers and in areas with higher rainfall
within the zone; and (3) the rain forest 1n the scuth. The
distinguishing feature from north to south is the vegetation
change from the sparse savannah to the lush rain forest

associated with increasing abundance of precipitation.
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In general, the four ecologlcal zones provide a
good habitat for grazing animals and crops. The dry-~humid
savannah in the north is more suitable for grazing, although
annual crops are grown during the rainy season. Irriga-
tion is regquired because of the dry periocds and to allow for
double cropping. The humid savannah, the largest and most
important agricultural zone, produces most of the region's
cotton. During the rainy season, cropping is safe; with
drought-resistant and short-cycle crops such as sorghum,
double cropping may be possible. This region also provides
most of the grazing land. The dry-humid forest provides
lush green pasture all year, but is considered tcoco wet for
annual ¢rops other than rice. In the northeast banana belt,
which is in the same climatic zone, the land 1s used malnly
for grazing. The humid forest has the same land uses as

the dry-humid zone.

Soils
Semi-detailed soll studies of the Costa regilon have
been made by the Instituto Geografico Agustin Codazzi (IGAC)
[381, the Instituto de Fomento Algodoneroc (Cotton Development
Institute) {36, 37], and the Mission for the Study of the
Magdalena Valley [13]. These studies also contaln informa-
fion which correlates soll types and phases with potential use.
Scils in the region can be divided into four general
groups according to their origin: alluvial or flocd pleins,

quaternary, tertiary and mountain (see Figures I.3 and I.4).
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Topography, fertility and use are closely related to these
seil groups. Alluvial soils are characterized by sicpes of
0 to 3 percent; soll textures vary from light to medium and
heavy, with deep topscoil and drainage varying from well-
drained to imperfectly and poorly dralined, Often fthese
lands have a high nutrient content with the exceptlion of
soluble nitrogen, which is Jow. Seoil pH ranges befween

6.3 to 7.3; it is lower in the poorly drained soils and
higher in solls with some degree of salinity.

Quarternary solls or terraces are old alluvial
deposits characterized by slopes of 0 to 3 percent, and =z
hard or clay pan at varying depths. Soil textures are
light and drainage is imperfect. Soil pH ranges between
5.0 and 6.0 and the nutrient content is low.

Tertiary soils have undulating slopes ranging widely
from moderately steep to steep (7 percent to 50 percent).
Soll textures vary from light to heavy, and most solls are
susceptible to erosion. Soll pH ranges between 5.5 to
less than 6.0, and the nutrient content is low.

The mountalin soils in the region are characterized
by steep to very steep slopes. Because of the excessilve
relief, mogt of them are erodible. They are formed chiefly
from igneous and metamorphic rocks. Though the high nutrient
content of gome of these s0lls would cordinarily make them
suitable for coffee and other permanent crops, because of

their erodabllity their best recommended use is in forest,
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Based on studies by the IGAC [38]1, the Magdalena
Mission {12}, and the Cotton Development Institute [36, 37],
an inventory of the soll resource base by department was
made (Table T.2). This inventory includes the acreage of
total land, solil classificatlon according to origin, and
land use. Table 1.2 also shows the region's natural endow-

ment for ralsing cattle.

The Agricultural Econony

The Costa economy is basilcally agricultural, with
cattle the predominant activity, whereas manufacturing is
low and coﬁcentrated in the cities of Barrahquilla and
Cartagena. Agriculture employs 50 percent of the econcmically
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 1s the predominant characteristic
of land tenure in the region., A 1964 survey showed that
60 percent of farms were privately owned and included
seven-eights of the agricultural land [12]. OQther striking
features of the Costa's land tenure are the high degree of
concentration and absenteeism. As Table T.3 ghows,
approximately ftwo-thirds of the farms are less than ten

hectares, while about 1 percent of the farms are over



TABLE TI.2. Costa-Land Classes and Recommended Use by Departments, ({('000 has.)
egion and Bolivar Magdalena Recommended
and and Land
Lard Class Atlantico Sucre Cordoba Cesar Total Use
1-Well drained 21,60 90,60 38.50 183.70 334,40 Crops and
Z2=-Norflooded irper- cattle
fectly drained 5%, 00 20,00 3.30 116.60 198.90 (533.30)
3-Pericdiczlly flooded
% poorly drained:
a-Water logging 103.14 155.673 £6.20 324.97 Cattle, crops
ccecaslonally
E-One~month flocdings 5,64 141 .82 37.80 22£.009 411.35
c-Four-month flcodings 7.63 317,84 82,48 154,32 562.27 Cattle
d-More fthan four- (2,813.00)
menth floodings 20.00 1,452,900 133,30 86,88 1,693.08
L.zaline 17.20 52.30 15,20 61,60 14€,30
Tatal Land 131.07 2,178.¢6¢C keg, 21 B95.39 3,671.27
H-Lakes 25.00 47.10 25.20 129.82 227.12
Total Area 156.07 2,225.70 491,41 1,025.21 3,898.39
f~Guaternary terraces 0.50 £5.80 218.10 381 .40 £65.90 Cattle, cash crops
T-Tertiary scils : ceeasionally, food
a-Zlope < 25% 22.00 315.20 boz 4o 396,90 1,156.50 crops {21,822,40)
b-3lope » 257 52.00 573.00 210.00 T6L.00 1,696.00
8~Sandy scils and Cattle
dunes: ' (2,042.68)
3% < slope < 25% 33.36 312.30 346 .66
Total Land 107.84 954,10 g950.50 1,852.60 3,865.06
S-Eroded and
Mountain Scoils £2.10 511.70 1,075.60 1,791.70 3,441.10 Forest
Grand Total 226.03 ‘L 3,691.50 2,517.51 4,669.51 111,204,55

Adapted from 13, 36,

e
-1

287, and personal information from the Geographic Institute {(TRAT).

£



TABLE I.3. Costa--Distribution of Tarms According to Slze,
1960
Area COccupled by Farms
Size Categories Has. Average
{(has.) No. Percent| (00C) |Percent (Bas.)
Less than 10 120,793 57.5 241 3.4 2.0
From 10 to 100 L3,741 24,4 | 1,401 21.3 34,1
From 100 to 500 12,225 6.8 2,348 33.5 | 192.1
Over 500 2,356 1.3 2,928 41,8 y1,242.8
TOTAL 179,115 100.0 7,008 100.0 39.1
Source: CIDA [12, p. 727

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

According to DANE

1/

6,706 administrators operate one-third

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

each {mostly pastoral states).

The majority of landlords

visit these haciendas infrequently--rarely on a weekly

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

land use is dominated by pasture.

Although ecrops have been increasing in importance,

¥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,

1517,

Artifieial grasses are a low proportion of total

1/

_ — DANE, Censo Agropecuario 1960, Resumen Nacional,
Bogota, February (196L), p. 21.
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grasslands; 20 percent according to DANE [18], and 45 per-
cent accordiﬁg to FAQ [&6].

Cotton is the most important commercial crop; in
1969 the region had 137,000 hectares in cotton and produced
62 percent of the total Colombian production [7]. Sesame
and rice are alsc important crops, accounting for 59 percent
and 23 percent, respectively, of the total Colombian pro-
duction in 1969 [7]. Sorghum has become increasingly impor-
tant, particularly as a double crop with cotfon; at the same
time, the land devoted to raising bananas for export has de-
clined from 20,000 hectares in the mid-sixties to approximately
5,000 hectares in the seventles. Sugarcane, tobacco, and
coffee are also grown but to a lesser extent..

The most important staple erops are cassava and corn,
both in terms of the number of producers and the number of
hectares. In 1969 [7] 79,000 hectares were planted in
cassava and the production accounted for 40 percent of the
total Colombian production. Abcut 203,000 hectares were
planted in corn which accounted for 26 percent of the total
Colombian pfoduction. Plantain followed in importance
(30,000 hectares), and still less land was used for beans
and fruits.

Although the intrcduction of commerciél crops to the
region during the past two decades has changed a number of
traditional agricultural practices, average yields are still
fairly low. Yet the potential for high yields clearly exists

as has been demonstrated in properly managed commercial and
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experimental farms. In the Tormer, yields of cotton-seced,
lrrigated rice and sorghum have been doubled and that of

corn tripled, while experimental yields for corn and irrligated
rice have been 6 and 2.5 times as high, respectively [Hl].l/

Low yields have been attributed to: (1} a large
proportion of small holders producing under traditilonal
methods;gf (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 gsteep, erodible slopes with clean-~cultivated
crops is aécelerating soll depletion.

As pointed out, cattle raising is the most important
econcmic 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.Tg/Ha) 1n the Costa for the
period 1965-1969 have been: cotton-seed 1.4, corn 1.11,
irrigated rice 2.3, sesame .66, and sorghum 1.8 [7].

g-»/i]fn 1960 according to DANE [157, 98 percent of

sesame, 83 percent of cotton, 95 percent of rice, and 96
percent of corn were produced in plots less than 10 hectares.



57

(b) Lack of basic knowledge on returns to
the different factors of preduction
needed for an efficient allocation of
resources and for consldering organiza-
tion alternatives

(e} Inefficient markets for both products
and inputs, including capital

(2) Human
(a) Low level of education
{(b) Lack of skills and training
(¢) Poor health
(3} Technological
(a) TInadequate soils and range management

(b) Inadequate breeding, pest and disease
contrcl practices

(4) Environmental
(a) Poor use of natural resocurces

(b) Downgraded quality of rural 1life

Cattle Production

Although there are not reliable fTime series estimates
of the cattle population in Colombla, it seems that the
Costa supports between 40 and 50 percent of the total
Cclombian cattle population. Table 1.4 shows the age and
sex distribution of cattle in the Costa and the rest of
Cclombia according to the 1968 sample survey [18],'but care
should be taken when considerlng these figures. This survey,
the sample surveys of 1964, and 1965, and the 1960 agri-
cultural census made by DANE seemed to have underestimated

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



TABLE I.4. Cattle Numbers in the Costa and Non-Costa Herd, 1968.

(1000 head)

Region

Less than 2 years

Two and more Years

Males Females “Males Females TOTAL
Costa:
Atlantico 34.95 52.86 14.90 133.18 235.8¢2
Bolivar and Sucre 481,81 Lg7.,12 172,40 | 1,167.15 2,308, 1%
Cordoba 381.76 349,50 418,82 1,059.27 2,200,3%
Magdalena and Cesar 464, L6 471,27 394,50 1,018.06 2,348 .22
TOTAL COSTA 1,362.,98 | 1,360.75 1,000.62 ) 3,377.66 7,102.0%
Non-Costa 1,965.77 | 2,438.40 1,634,84 | 4,559,16 10,598.17
TOTAL 3,328.75 [ 3,799.15 2,635.46 | 7,936.82 17,70C.1°%

Source: DANE [18, p. 1]

B
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The Costa 1s 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 whilch are per-
formed separately as gpeclalized activities of 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 (¢) fattening--males, 3 to 6 years
of age and females discarded from the btreeding herds.

The dual production of heef 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 thelr main eco-
nomic activities. In 1968 DANE [18] reported one-third of
the cows (females over 2 years) were milked, but this pro-
portion seems toc have been 1ncreasing with Imprcoved access
to markets and increased demand. Yet yield of milk per
cow 1s low, ranging between 3.06 liters daily during the
rainy season and 2.5U4 liters during the dry season, with
lactating periods varying from 90 to 250 days a year depend-
ing on the quality of management. Despite low yields, milk
preduction is an important source of income for ranchers
and a contribution to improved nutrition in the region.

As Table I.S5 shows, the Costa 1s a major surplus
area, and the major deficit area 1s 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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TABLE 1.5%. Surplus and befell Helallonchlps In Boeel
: Production Among Replons, Colombla, 19bo-]ayr
Difference
Domestic Between
Production Consumption Froduction
Region Year (Tons ) ¥* (Tons) and Consumpticn

1969 198,082 62,231 +135,851
Atlant}c 1970 213,669 64,720 +148,949
Plain& 1971 2Lk0,325 67,309 +173,016
1972 260,080 70,001 +190,079
1969 88,525 183,533 ~ 95,008
Western 1970 96,423 189,224 ~ 92,801
Colombia~ 1971 105,763 195,092 - 89,329
1972 115,360 201,141 - 85,781
1969 74,57k 125,955 ~ 51,381
Central | 157¢C 79,666 130,490 ~ 59,824
Colombia~ 1671 86,036 135,187 ~ 49,151
1972 92,380 140,054 - 47,67k
1969 66,669 60,680 + 5,989
North Eagtern 1970 71,178 62,136 + G,0l42
Colombial/ 1971 76,829 63,628 + 13,201
1972 82,443 65,1565 + 17,288

a/ Includes Atlantico, Bolivar, Cesar, Cordoba, Magdalena,
Suere, Guajlra.

b/ Ineludes Valle, Cauca, Risaralda, Quindio, Narino,
Antioquia, and Caldas.

¢/ Includes Cundinamarca, Tolima, Huila, Bogota, Meta.
4/ TIncludes Boyacd, Norte de Santander, Santander.
¥Figures are in metric tons.

Source: Adapted from Max F. Bowser. Preréquisitos v

Potencial para la Exportaclon de Carne en Colombia

en la Pecada 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 adeqguate
measure of total cattle produced by regions and interregicdnal
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 [61].

The surplus cattle movements from the Costa include
finished, stocker and feeder animals which move south mainly
through the markets of Medellin and Bucaramanga. In some
instances the cattle move southward to the central and upper
Magdalena Valley region by means of the Magdalena River and
the railroads. Cattle for export is handied through the
Caribbean ports of Covenhas, Barranqulilla, Cartagena and Santa
Marta. Cattle are moved to Venezuela as well, but estimates
of this flow are not available.

The results from the 1960 census provide a detailed
breakdown of cattle operations by farm size and by number of
head (summarized in Table I.6). As this table shows, the size
of the cattle farms follows a skewed distributicn.

Only one-fourth of the farms had cattle 2t the time
of the census, but these farms included approximately three-
fourths of all land in farms. The average number of cattle
per farm was 68 with a range that included 182 ranches with
an average of 1900 head each. Cattle inventories were con-
centrated on a relatively small percentage of farms of more

than 500 hectares each. Conversely, the smaller farms make



TABLE I.6. Costa--Cattle Distribution According tec Size
of Ranch, 1960

Units Cattle 1n Farms
Size Categories Head Average
(has.) No. Percent (000) Percent (head)
Less than 10 11,382 25.0 9.8 - 3.0 9
From 10 to 100 22,478 hg,po 681.0 22,0 30

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

Over 500 2,195 5.0 1,256.2 | 41.0 | 572

TOTAL k5,653 | 100.0 3,090.7 | 100.C €8

Source: Adapted from DANE [15].

up a high percentage of farms having cattle but controel a

small percentage of total cattle inventories; thrée-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 agriculfural 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 needsrof the region.
Research is undertaken by the Instituto Lolomblano
Agropecuario (ICA) in three experiment stations and eight

centers for the study and diagnosis of cattle diseases. 1In

-
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addition te ICA, the Land Reform Institute (INCORA) maintains
experimental farms in some of its irrigatioh projJects. 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 alsc 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,
herbieides and fertilizers.

Institutional credit is supplied by INCORA, the
commercial and the development banks. Anothef common source
of credit for the cattle subsector are the cattle-in-partnership
agreements. These are found in both the private and public
sectors. The latfer are Departmental Organizations, called
Fondos Ganadercos, which devote most of thelr efforts to
breeding programs. Under the partnershlp arrangement, the
rancher provides supervision of the cattle and pasture in
exchange for a share of the profits when the cattle are sold.

Although agricultural credit programs are available
within a wide range of interest rates and terms, the general
consensus is that such credit is in short supply ard is un-
evenly distributed. The CIAT survey showed an excess demand

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

Interest.
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Modern inputs are marketed through various channels:
private supply stores, the INCORA cooperatlives, grower
federations, and the CajJa Agraria. But despite this diversity
of outlets, the region suffers from distribution problems:
shortages and unavallability are c¢ommon in the more isolated
areas. Since production and distribution do nct perform
efficiently, prices are ftoo high and incentives for increased
use are lacking.

With the exception of cotton and bananas for export,
for which there are very well organized marketing channels,
the marketing of farm products performs pcoorly. 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 facilitles and credit. TNCCRA
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
flve-sixths of the producers sell thelr cattle to the country
dealers who come to the farms to bargain. The cattle are

then transported to local slaughterhouses and ferilas or
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shipped to more distant markets. These dealers also act as
intermediaries on feeder cattle transactions.

Cattle are usually puréhased 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 furnlish transportation and assume all costs and risks
involved 1n moving the cattle from the farm or ranch. Con-
tract sales in conjunction with credit have been introduced
in the region with the development of the beef export market.
These contracts are arranged with the packing houses and for
the finishing period.

Most of the cattle in the region are moved by truck,
but cattle still move leong distances on foot. Some of this
movemeht involves the transfer of feeder cattle from breeding
areas to fattening areas. Fat cattle and feeder animals also
must be moved on foot to highway, rail, or river shipping
points.

Severe weight losses occur during these hauling and
on-foot movements. CIAT {9] reports losses up to 40 kilograms
per head for finished males after a ten-hour haul to the
market.

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 cyecles has not yet been clearly understood, prilces,
blological timetable of cattle reproduction and nutrition

egquilibrium seem to be some of the underlying causal forces.
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Seasonal price fluctuations are caused directly by
the occurance of dry seasons and the lack of irrigated pastures
or forage storage. During the dry season, cattle are sold-as
available forage 1s used, and prices are driven down. The
opposite occurs during the raliny season when pastures are
abundant.

Estimatates of the markebting margins for beef vary.
A recent estimate made by Sarmlento (31 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 deflclencies described 1n Chapter 2.
Most slaughter facilitles are small rural community or village
operations, but modern slaughterhouses are 1ln operatlon in
Barranguilla, Cartagena, Santa Marta and La Gloria--a Magdalena
river port 300 killometers south of Santa Marta. Thesge plants

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



CEAPTER 4

GENERAL SPECIFICATIONS 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 econcmic 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 1In the Atlantice
plaln. 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 distinetly separated ecological
zones in the Costa (see Chapter 3), the model 1s broadly dis-
aggregated into two farming sectors, three agricultural
regions and two subregions of competing farming zctivities
based on land use capability (disregarding climatic conditions).

Figure I.5 is a hypothetlcal cross section of these sectors.
67
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Sector 1 or lowland i1s the flat land area in the
valley floor formed by recent alluvial deposits. Of the
fwe agricultural regions identified in this sector, region 1
includes lands which are permanently flooded or are subject
to seasonal floodings and are used only for grazing. Region
2 1s the flood~free area where cash and food crops compete
with cattle for land and capital. Regicn 2 can expand into
region 1 as the latter is drained and becomes avallable for
cropping but cannot expand beyond the natural limit of lowlands.

Sector 2, or upland, is the nearly flat to rclling
land above the valley floor. It is formed of quarternary
terraces and tertliary solls with slopes of 1 percent and over.
This sector comprises agricultural region 3 and subregions 1
and 2 where farming is mixed, and includes cash and food crops
and cattle production. Subreglons 1 and 2 are roughly deter-
mined by topographlc conditions; subregion 1 is sultable for
mechanized crepplng 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 1s
suitable for fcood crops and grasses which also compete for
land and capital. Region 3 cannct expand beyond the natural
limit of uplands, but in subregion 1, land in cash crops can
contract and expand within its natural limit.

These farming regions are not entirely internally
homogeneous with respect to climate and cropping potentials.
They occur within the four ecological zones but compromises

were made to delineate these regions as homogeneous areas.
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The primary reasons for this are twofold, First, despite
climate variztions, the pattern of farming is very 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 preéent state of aggregation of the model we are not
interested in performing a separate accounting for each

ecological zone.

Ranching Practices

While ranching in these sectors is of a mixed type,
cattle breeding and growling 1s predominant in the uplands
and fattening is done in the lowlands. But the cattle from
the two sectors are aggregated into one herd when simulating
the animal demography and computing the major outputs of the
model. When the new alternatives of production are introduced,
the cattle population of the Costa 1s disaggregated inte two
populations, one traditional and one using modern techniques
(see Figure I1.6). The "traditional"” cattle populaticn is
assumed to subsist on the flood-free (lowland and upland)
areas during the rainy seascn. During the dry season, crop
resldues and additional grazing land which becomes available
as the flood waters recede during dry months also add to the
nutrient supply. It has been estimated that about 400,000
head from Sucre alone are moved from the uplands to the low-
lands in search of water and forage as the dry season advances

and food becomes scarce.l/

i/Personal information.
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Animals in the "modern" sector are assumed to be
situated on the flood-free pasture lands where adequate
nutrition is available from properly managed grassland and
supplemental feed obtained from land devoted specifically
to forage production. The level of husbandry is alsc 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 eaéily 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 oﬁtput. Qutlays are spent on the most elementary
of inputs: fences and stock water supply to permit the
beginnings of managerial control; yards and corrals to -offer
the beginnings of health protectlon measures; seeds and
fertilizers to begin to increase fodder production.

Since a majJor problem for cattle in the region is a
lack of adequate dry season nutrition resulting in subsgtantial
weight losses, lower calving rates, higher death rates, and
"delayed" maturation, the alternatives emphasize methods
of increasing pasture productilon and growing and storing

forage. These not only improve nutrition but alsc 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 present. Fences, stock water supply
and corrals are established to pursue the begin-
nings of managerial control and health protec-
tion measures. Proper grazing rate and pasture
rotation are introduced to increase fodder
production and improve nutrition.
(2) The same ranching practices as in Alternative 1
with artifiecial 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
reguires a team effort which is beyond the scope of this
study. Thus, analytical restrictions are imposed that keep
some of the variables fixed. Patterns of consumption and of
ownership of resources, and hence an implied distribution of
private real income is assumed flxed; the regional population
is assumed constant, and the institutional set-up of the

economy is assumed fixed. The implication of these assumptlons
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for the outcome of the study will be discussed 1n the last
chapter.

Another restrietion imposed on this'study 1s that 1ts
primary focus is on the beef production process with only
general considerations of the related erop subsector, and
rudimentary considerations of the marketing element of the

beef subsector.

Procedure
To accomplish the objectives of thilis study, a multi-
component but non-maximizing model of a micro-macroeconomic
nature has been developed. The computer simulation model 1is
composed of five basic components or building blocks (see
Figure I.7) which are-closely interrelated as the outputs
from one block serve as inputs of others. Information-
feedback mechanisms bulld into the system add to the dynamic
interaction o6f variables within and among the various components.
The first, the land allocation and modernization
decisions component allocates land between crops and cattle
in the regiohs 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 availla-
bility of eredit, investment capital, and information either
from farmer-to-farmer in a diffusion process cor from exten-

sion agents. as part of modernization promotion efforts. Then,
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pxpanslon of total culttvoated Toand and/or of wodern eatt e
operations may occur as a result of these economlce decislons.

The second principal component takes the allocaticn Qf
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 1is 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 1n the profitability calculations should
reflect the farmers' expectations. Thus, the producer prices
used here are five-year exponentlal averages of recent prices.
In the production component, however, current prices are used
to determine short-run supply responses of cattle,.

The remaining two components are the primary entry
and.exit points of the system. As policy entry points,
cattle production campaigns (land, herd and management im-
provement, and animal health) are specified and conducted
and credit, taxes, subsidies and export policies are set.
Finally, in the criterila and general accounting component,
several alternative criteria functions which might influence

a polilcy maker's choice of development programs are calculated
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at both interim and final sftages of the simulation experi-
ment. Farm 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/cost relationships for
experimental modernization policies are summarized by computed
performance functions which include discounted net lncome
from cattle, cattle and crop incomes, foreign exchange balances,
beef cutput, and government revenues. The ability of the
industry to meet the increase 1n demand for beef is determined
by computing the domestic consumption when projected exports
are achieved.

Each of these five bullding blocks of the Costa cattle

model will be described in some detall in Chapters % through 9.



PART IT

MODEL DESCRIPTION

Introduction

The computer simulation model of the cattle economy
of northern Cclombia is composed of the five basic components
or buillding blocks summarized in Chapter 4: the land alloca-
tion and modernization decislons component, the agricultural
production component, the price generation component, policy
entry points, and the criteria and general accounting com-
ponent. These bullding blocks, composed of interrelated
functional relationships and linkages befween them (an out-
put from one either being an input to another or a perfor-
mance variable), are an attempt to represent the physical,
biclogical, economic, social, political, and cultural re-
lationahips within and among the major segments of the Costa's
cattle economy.

Mocst of the equations describing these components
are appllcable to all four modern alternatives considered.
But, 1n cases where there are structural differences aris-
ing from the underlying assumptions, specific formulations
are shown and discussed. Moreover, the efficlency and
economy of the computer model is increased with the use of

subroutines written in the FORTRAN programming language.
78
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These subroutines permit simulatlon of the huﬁnvlor of

the varilcous alternatlives and thelr components over time
with one general model,

Each of the five building blocks of the Costa model

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

A copy of the computer program displaying all equations;
value of parameters and initial conditions used in these
components énd their related subroutines 1s shown in the

Appendix.



CHAPTER 5

LAND ALLOCATION AND MODERNIZATICN 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 U (see Filgure 1.5). Briefly,
region 1 is subject to seasonal or permanent floodings and
igs kept under traditional grazing practices; region 2 is
the flood-free area 1n the alluvial valleys, and region 3
is the area of quarternary terraces and tertiliary soils
above the valley floor. In making these allocatlons, LAVMDAC
simulates farmeré' cholces among the alternatlive uses for
their land based on economie and cultural factors. Mecdern-
ization of current cattle practices 1s an alternative as is

transferring land into the production of crops or cattle.

Land Uses

In general, the land uses in the agricultural regions
include grasses, annuals, perennials, and wood lots. Since
crops are of secondary concern in this study it was not
considered necessary to design a detailed land allocation
mechanism for the various crops. Instead they are handled
as constant weighted averages of the major commodities grown

in the region. Although this assumption has the advantage
20
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of simplifying model computations at this stage, it prevents
increases in average values--caused by a rapid expansion of
crops with high profitabilities--affecting the pasture/
crops allocation decisions. Cash crops in the lowlands are
defined as a weighted composite of the major commercial crops
grown in the Costa: sesame, cotton, corn, sorghum and rice.
Bananas for export are grown In the banana belt north of
Magdalena and are computed separately. Cash c¢rops in the
uplands include the same group of crops as in the lowlands
with the exception of rice and commercial bananas. Further,
it is assumed that 47.5 percent of sesame, 63 percent of
cotton, 28 percent of corn, and 48 percent of sorghum are
grown in the lowlands.

Food crops in all regions are defined as a weighted
composite of the major staples grown and consumed in the
Costa: plantain and cassava.l/ Although corn is also an
important staple and it is grown mainly in small or subsis-
tence plofte, it was included here as a cash crop because of
government interest in promoting its production with the aim

of generating an exportable surplus [57].

1/

=" The weights used are as follows: (a) cash crops

in lowlands: sesame--.04; cotton--.265; corn-—.244; sorghum--
.017; and rice--.433; (b) cash crops in upland: sesame--.054;
cotton--.18; corn--.74; and sorghum-~.021; (c) food crops:
plantain--.38; and cassava--.66. These weights are derived
from hectares in production as reported in [7].
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Pastures are defined as a weighted composzite of
artificial and native grasses, each having a different yield
and nutritional value. Differences in pasfure yield and
nutritional value also arise from the four range and herd

management improving alternatives considered in the model.

Availability of Agricultural Land

Farming area in each reglon has expanded into the
lanéd in foregt as the latter has been cleared due to price
incentlves, population growth, etc. Without detailed informa-
tion on how these factors have influenced such expansion, as
an initizl approximation the model exogenously computes in-
creases in the agricultural land base through time using
first order, delay equations. These equations simulate the
gradual additlon of new land to the agricultural land base
until the latter reaches the maximum area potentially avallable
in each case [21, 52, 547. A more elaborate computation would
make land expansion a functlon of endogenous decisions and
would likely make use of higher-order distfibuted delays
to simulate more realistically the time response of these

decisions.

TLAVL(t) = TLAVL(t-DT) + ﬁﬁg%g*(TLAVLO - TLAVL(t-DT))  (5.1a)

_ DT
TLAVU1(t) = TLAVU1(%t-DT) + ﬁﬁfig*(TLAVUOI -

TLAVU1(£-DT)) (5.1b)
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DT

TLAVU2(t) = TLAVU2(t-DT) + 5E3T7*(TLAVUO2 -
TLAVU2{t-DT)) (5.1c}
DT
TGLSF1(t) = TGLSF1(t-DT) + BELT (TGLSFO -
TGLSF1{t-DT)) (5.14)
where:
TLAVL = flood-free agricultural land actually
available in region 2 (has)
TLAVLO = flood-free agricultural land potentially
available at time zero in region 2 (has)
TLAVU1l = agricultural land actually available in
subregion 1 (has)
TLAVUOY = agricultural land potentialiy available
at time zerc in subregion 1 (has)
TLAVU2 = agricultural land actually available in
subregion 2 (has)
TLAVUQ2 = ggricultural land potentially avallable
at time zero in subregion 2?2 (has)
"TGL3F1I = grazing land actually available in
region 1 (has)
TGLSFO = total potential grazing land in regicn 1
at time zero {(has)
DEL15,16,17,18

= lag parameters (years).

Additions to the cropping area in region 2 due to
the performance of flood control and drainage projects
(RLDRN) are exogencusly 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 lags occur
in this process which cause the drained land to be immediately
unavaillable for cultivation. These time lags are intrcduced
by means  of the third order distributed delay of Equation 5.9.
Changes 1In the rate at which land is drained (RLDRN)} ard in
the time required for the completicn of a project (DEL11)
will a2llow testing the effect of various policies toward land

reclamation on the total grazing area.
TLDRN(t) = min{TLDRN(t-DT) + DT*AUX10(%t-DT), TLDRNLO} (5.2)

CALL DELAY(RLDRN(%-DT), AUX10, CRQUT11, DEL11l, DT, K11) (5.3}

where:

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

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

RLDEN = unlagged rate at which flooded land is
drained (has/yr)

AUX10 = gctual (lagged) rate at which drailned
land becomes productive (has/yr)

DELAY = 1s a FORDYN subroutine which Iintroduces
distributed delays with various properties

CRCUT11 = an array of intermediate rates necessary
in simulation of the drainage delay

DEL11 = gverage length of time in the drainage
process (years)

K11 = the order of the delay (=3 in this case)

DT = time increment of the model {(years).
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Food Crops

Food land 1s land on which either gubsistence or
cash food is actually in production. It 1s assumed there
is no competition among food crops and that they remaln at
a constant relative proportion. Justification for this
assumption and its likely effects in the model's output have
been discussed 1In the section on land uses. Exogenously
promoted yield increases are allowed as part of the moderni-
zatlcn of agriculture, but there 1s no disaggregaticn between
traditional and modern production.

Foed crop land is assumed to grow exponentially with

time and population growth as determined by the following

equations:
RLFC(t) = AL2¥#TLFCO¥EXP(AL2%¥t) (5.0)
TLFC(t) = TLFC(t-DT) + DT¥RLFC(t-DT) (5.5)
where:
RLFC = rate of change of land in food crops
(has/yr)
TLFCO = land in food crops at time zero (the
start of the model) (has)
TLEC = total land in food crops (has)
AL? = a model parameter (very nearly the
annual pcpulation growth rate)
EXP{AL2%t) = this is an exponential funetion defined
as equivalent to e®*twhere o = AL2
DT = time increment of the model (years)

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

TLFCU(L) = C2Lo%TLRC{t) (5.6)
TLFCUL1(t) = min(CFD1#TLFCU(%t), TLAVU1l) (5.7)
TLFCU2(t) = min((1-CFD1)*TLFCU(t), TLAVU2(t)) (5.8)
where:
TLECU = total l1land in food crops in upland
sector (has)
.TLFCUl = total land in food crops in subregion 1
(has)
TLRCU2 = total land in food crops in subregion 2
(has)
TLAVUL = agricultural land available in subregion 1

—--Equation 5.1b (has)

TLAVU2 = aggricultural land available in subregion 2
--Equation 5.1lc (has)

CFD1 = g model parameter allocating food crops
to subregion 1

cekg = a model parameter allocating food crops
to the uplands (region 3)
minfa,b] = a function equal to the minimum of terms

within the bracketis.

Feood land in the lowlands is given by:

TLRCL(t) = min(TLFC(:) - TLFCU(%), TLAVLO + TLDRN{t)) (5.9)

where:
TLFCL = total land in food crops in region 2
{lowlands) (has}
TLAVLO = flood-free agricultural land available
: at time zero in region 2 (has}
TLDRN = total land drained and added to cropping

area in the lowlands--Equation 5.2 (has)
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Cash Crops

Cash crop land is land on which commerclal crops are
actually in prcduction. As for food crops, cash crops enter
the model at a constant relatlve propertion wlthout compet-
ing for land among themselves. Exogenously promoted yield
increases are allowed also, but there is no disaggregatlion
between traditional and modern production.

The expansion of cash crops in reglon 2 1s exogenously
determined by a constant rate near the hilstorical trend
(RLCRL). 1In subregion 1 of region 3 this expansion is
determined endogenously and is discussed below in conjunc-
tion with the allocation of pasture. The general assump-
tion is made that cash and food crops compete for a limited
amount of land availlable for cropping (TLAVL, TLAVU1l) in
each region.

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

the followlng equations:

TLAVL(t) + TLDRN(t) - TLRCL(t) - TLBAN(t) (5.10)

ALNDL(t) =
TLCRL(t) = min{TLCRL(t-DT) + DT#RLCRL, ALNDL(%t)) (5.11)
TLCRLR(t) = TLCRL(t) + TLBAN(t) ' (5.12)
where:

ALNDL = alleccatable land (cash crops and pasture)

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

commercial banana--in region 2 (has)
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TLCRLR

total land in cash crops in region 2 (has)

RLCEL

rate of change of land in cash crops
(banana excluded) in region 2 (has/yr).

Total land in bananas for export is determined from
time series data as reported by Caja Agraria [7, 8] and
assumed to remaln after 1970 at its present area of 5,000
hectares which is the hurricane-free, adequately irrigated
region within the banana belt:

20,000

| A
ot
)
)

0
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 obtaln the total for
the Costa. 1In region 2 and in subregiocn Z the asgsumption is
made that cattle are a less profitable activity than grow-
ing crops and no decision mechanism 1s considered; therefore,
pasture land is computed as a residual affer subtracting
land in crops from the total available land in each region.
This simplification is based on the empirical evidence that
in the more productive lowlands the profitability of cash
crops outweighs that of cattle. Likewise, in small farms
where food crops are grown in both region 2 and subregion 2
cattle production 1s not considered as a profitable alternative.
In regions 1 and 2 it is also assumed that once land 1s drained

it is placed into a more intensive use and subtracted from
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grazing. The allocation of land in subregion 1 1s based
on the relative returns to land from the cash crops and
cattle activities. It 1s thus responsive to.exogenously
determined crop prices and cattle prices determined endoge-
nously by the model.

Pasture or grazing land in the seasonally flooded

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

as:
TGLSF{t) = TGLSF1(t) -~ TLDRN(t)} - (5.14)
TGLL(t) = max(TLAVL(t) - TLFCL(t) - TLCRLR(t), 0) (5.15)
where:

TGLSF1 = as defined in Equation 5.1d

TGLST = 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-freé area of the lowlands is computed as:

_ TGLL(t) - TGLL{t-DT)

RTGLL{t~DT)

where:

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

Fasture land in subregion 2 of the upland is simply

computed as:
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TELU2(t) = TLAVU2(t) - TLFCU2(t) (5.17)

where:
TGLU2 = total grazing land in subregion 2 (has).
The rate of c¢hange in grazlng land in subregion 2

is given by:

RTGLUZ(t=-DT) = TGLU2(%) 6TTGLU2(t—DT) (5.18)

where:

RTGLUZ2 = rate of change of total grazing land in
subregion 2 (has/yr).

The mechanism for allocating land to cash crops and
pasture (traditional and modern) in subregion 1 is more
complex than the one described for the other regions. This
part of the model gradually shifts land to the activity
with the greatest return per unit of land. First, the model
allocates farming land to food crops as shown in Equatlons
5.4 through 5.7. The remalining area is then allocated to
the land in the most profitable of the two other cash earners
-~cash crop and pasture.

The fcllowlng ecuations apply:

ALNDUL(t) = TLAVU1(t) - TLFCUL(t) (5.19)
DLFCU1(t) = TLFCU1(t) - TLFCULl{t-DT) (5.20)
where:

ALNDU1l = allocatable land in subregion 1 (has)
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PLTCT]T = echanpe Tn TFood crope Tand In subresion |
{has).
Land shifts to the more profitable actlivity at o
rate that is proportional to:

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

2} the amount of land currently allocated toc the
less profitable activity, and

3) a model parameter, CL1l, which can be varied to
match prevailing farmer behavior,

The rate of land transfer is given by:

CL1*XTLU(£)*#(DCRU(t) - DRLAV(%)) (5.21)

RLCRU(t) = TBCROCEY [

where:

It

RLCRU rate of change of cash crops land in

subregion 1 (has/yr)

]

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

DCRU

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

DRLAV

i

XTLU total grazing land if DCRU > DRLAV
= tetal land in cash crops 1f DCRU < DRLAV (has)

CL1 = a model parameter that controls the speed
of land adjustment

{...] = the absoclute value.
Positive rates of transfer mean shifts from pasture
and cattle grazing to cash c¢rops; negative rates mean shifts

from cash crops to pasture.
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Land transferred from grasses to cash crops 1is
immediately available for crop precduction, but the rate
at whiech land transfers from cash crops to grasses is de-
layed to account for the time needed for grasses to become
well established and to begin production at full grazing
capacity.

This time lag is simulated by the following

distributed delay:
CALL DELAY(AUX1{t-DT}, AUX2, CROUT4, DELL4, DT, K4) (5.22)

where:

AUX1

i

unlageged rate of transfer of cash crop land
to grazing land: < O if DRLAV > DCRU

K]

0 if DRLAV < DCRU (has/yr)

AUX2

i

lagged rate of transfer of cash crop land
CROUTY, DELY4, DT, K&
= elements of the DELAY subroutine defined
earlier (p. 84).

Additiong to food land in subregion 1 c¢can come either
from land in the least profitable of the remaining activities
or from both cash crop and grazing land in specifled propor-
tions. Land also could be alloecated to food from grazing
land even 1f the latter 1s more profitable than cash crops.

Such alleoecation is performed in the model by means
of the variable AUXL and the parameter CL2; If cash crops
are more profitable than cattle, the rate of change of land

iyt cash erops 1z positive (RLCRU > 0) and all the Increanc

in food land comes from land in grasses.
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If cattle are more profitable than cash crops, the
rate of change of land in cash crops is negative {(RLCRU < 0)
and the increase 1iIn food land comes from land in cash crops
and/or land in grasses depending on the value of the model
parameter CL2(Q < CL2 < 1):
If CL2 = 0 all new land in food <c¢rops comes from
land in grasses, modefn and tradiftional
If CL2 = 1 all new land in food crops comes fron
lland in cash crops.

The variable AUX4 is then computed as:

CL2¥DLFCUL(t), DRLAV > DCRU (5.23a)
AUX4(t) =
- 0 , DRLAV < DCRU (5.23b)
where:
AUXY = transfer of land from cash crops to food

(has)

a model parameter that allocates the change
in food land between cash c¢rop land and
grassland.

CL2

U

Given the above allocation mechanism, total land in

cash crops in subregion 1 is:
TLCRU(t} = max[min(TLCRU(t-DT) - AUXA4(t) + DT*(AUX2(£~DT)
+ AUX3(t-DT), ALNDUI(t)}), O] (5.24)

where:

TLCRU

total land in cash crops in subregicn 1 (hasg)

il

AUX3 rate of transfer of grazing land to cash

crops land (= RLCRU) if DRLAV < DCRU

]

0 if DRLAV > DCRU (has/yr).
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Equation 5.24 essentially computes the time integral
of the total rate of change of cash crop land limited to
vreclude the possibility of negative land and expansion
teyond the allowable land limits (ALNDUl-~-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:
TGLUL1(t) = ALNDU1l(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:

ROGLUL(t-pT) = LGLRUL(E) o POLUL(E-DT) | (5.26)

where:

RTGLU1l = 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 1is

given by the following equations:
TGLU(t) = TGLUL(t) + TGLU2(t) (5.27)
TGL(t) = TGLL{t) + TOLU(t) (5.28)

TGLR(t) = TCEL(t) + TCLSF(t)*Co ' (5.29)
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where:
TGLU = total grazing land in upland sector {reglon
' 3) {(has)
TGLULl = total grazing land in subregion 1 (has)
TGL = total (flood free) grazing land ir regions
2 and 3 (has)

TGLR = total grazing land in the Costa region (has)
€S = a model parameter that adjusts seasonally

flooded grasslands to permanent grazing land.
Grazing land in region 1 1s subject to pericds 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 the model to a permanent grazing land equlvalent. This
ig done by the model parameter C9 of Equation 5.29 which is

a weighted composite of area and length of flooding.

Alternatives

In principle, every current land use is a conceivable
alternative to every other present use in the same farming
sector. In practice, however, certaln assumptlions can be
made which will reduce the multitude bf alternatives and
will simplify the model. Since the medel is focused
primarily on cattle production, only alternatives concerned
with the introductibn of technological changes in this
activity will be considered in detail. The alternatives
e traditional cattle production ineluded in this study
are those described in Chapter 4 and considered as feasible

in every agricultural region with the exception of region 1.

A 1%3
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Pasture land in this region réﬁéins under traditional
management throughout the simulation.

Implielt in the allcocation of land in reglon 2 and
subregion 2 is the assumption that both food and cash crops
are more profitable than cattle. Here, the alloecation of
land to food production has priority in order to meet the
nutritional requirements and consumption preferences of the
population. The remaining land 1s 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 theipr 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, declision-making mechanism
for the allocation ¢f land between individual crops and pasture

in all regions.

Cattle Modernization Decisions

Land use declisions between cattle and cash crops have
been discussed above in Equatlons 5.19 to 5.23. In this
sectlon we are mainly concerned with the more complex declision
mechanism of catfle modernization, The rate at which cattle

modernizatlion takes place depends on the relative profitability
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of each alternative, on modernization promction efforts,
on diffusion effects, on the avallabllity of capital, and
on the behavioral characteristics of the farmers making
decislions. These considerations will be discussed in detail

below.

Profitabilities

Farmers' declslong among the alternative uses for
their land are based upon thelr perceptions of the relative
profitabilities of the available alternatives. These
decisions have been restricted to the allocation of land
between pasture and crops 1in subreglon 1, and between
traditicnal and modern cattle in all regiohs but region 1.
In the first case, the relative profitabllity is given in
Equation 5.21 above. The relatlve profitability of the

modern cattle production alternatives is given by:

RLAM - D T
epR(t) = DRLAMCL) - DRLATCE) (5.30)
where:
PDR = the relative profitability differential
{dimensionless)
= discounted sum of returns over the planning

DRLAM
o norizon for modern cattle production~-—
Equation 5.31 (Ps/ha)

1]

discounted sum of returns over the planning
horizon for traditional cattle production-~
Equation 5.32 (Ps/ha).

DRLAT

Land use profitabilities are defined as the present
value of the stream of net income farmers expect to receilve

over some relevant planning horizon, The model computes
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the sum of the discounted present value of returns to a
land use from the present to the planning herizon. 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 ﬁraditional
cattle and cash creops are assumed to remain constant.

Equaticn 5.31 computes the profitabilifty of modern cattle:

(TRLAMi(t) - TCLAMi(t))

Il
DRLAM(t) = 7 (5.31)
i=1 (1 + DIR)
where:
DRLAM = is defined in Equation 5.30
TRLAM = total revenue from modern cattle--
Equation 5.35¢ (Ps/ha-yr)
TCLAM = total costs of modern cattle——
Equation 5.358 (Ps/ha-yr)
DIR = the relevant discount rate (proportion/
year)
i © = indexes the n years of the planning
horizon.

The profitability of traditional cattle is given by;

8 1

e —) (5'32)
121 (1 + DIR)*

DRLAT(t) = {(TRLAT(t) - TCLATL(%))#

where:
DRLAT = as defined in Equation 5.30
TRLAT = total revenue from traditional cattle--
Equation 5.35a (Ps/ha-yr)
TCLATL = exponential average of total costs of

traditional cattle~-Equation 5.35b (Ps/
ha-yr)
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DTR

i

as deflned In laguation &,

i
It

Iindexes the n years of the planning
horizcn.

The average profitability of all cattle used in

Egquation 5.21 is given by:

(DRLAT(t)*TTGLR(t) + DRLAM(t)# (TLMOD{t) + TRSL(t))

DRLAV(t) =

TGLR(%)
(5.33)
where:

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

TTGLR = total traditional grazing 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 %o
modern cattle production--Egquation 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:

r
DCRU(t) = (TRCRU(t) - TCCRUL(t))# } S
1=1 (1 + DIR)

(5.34)

where:

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

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

TCCRUL = exponentlal average of total costs of cash

crops--Equaticn 5.35f (Ps/ha-yr)
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DIR = a8 defined in Equation 5.31.

With the purpose of making all discounted present
values comparable, the profitabilities are éomputed using
a planning horizen common to all, In thils case, this period
of time 1s 12 years, the planning horizon selected for modern
cattle. The dlscount rates used to compute the present value
of future returns are behavioral parameters in the model.
They reflect farmers' rates of time preference and the vary-
ing risks of each alternative. In general, the more risky
and unfamiliar the alternative, the hilgher the discount rate.

Since we are concerned with farmer decision makers,
the streams of future revenues and costs (Equations 5.35)
used in the profitability calculatlons should reflect
farmers' expectatlions. These expectations are assumed to
be reflected in five-year exponential averapges of recent
producer prices. FPrices of cattle are determined endogenously
{Equation 7.2) but prices of crcps are determined exogenously
and projected into the future with the same trend as costs.
The form and computation of producer price avérages and
trends are discussed in detail later in the descriptlion of
the price generating component (Chapter 7).

Similarly, the stream of crop yields farmers expect
are the ylelds they currently experience rather than the
potential production reported by experiment stations,
Increased ylelds are considered later in Chapter 12 as
part of the policy experiments. Additions to expected

revenues are any cash and/or price subsidies which may be



101

offered as part of a modernization program, and the pay-
ment of development credits.

The cost side includes taxes on land and cattle,
biological, chemical, labor, and capital input requirements
over the planning period. Assoclated input prices are
exogenous in the model and are projected into the future
according to rate of increase in farm costs. Production
costs of crops are averaged and lumped in one figure while
those of cattle are computed separately; but all costs are
also exponentislly averaged when they enter in the computation
of preofitabilities. Exponential averages of past costs are
used here to reflect farmers' expectations of future cost
streams. The computation of costs 1s discussed more fully
in Chapter 6,

Total revenue and.total cost of traditional cattle

are computed as:

_ (FPAP({L)*ESLSPT(t) + PRMTH*EQMT(%))

TRLAT(%)

TTGLR(t)
+ AGSUBT(t) : {5.35a)
TCLATL (t) = TCLATL(6-DT) + we—bh % (TCLAT(t-DT)
DELIQ
~ TLCLATL(£-DT)) (5.35b)
where:
EPAP = the expected producer price of finlshed

males--~Equation 7.5a (Ps/animal)
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ESLSPT = the expected animal sales»-(animals/year)l/

EQMT = the expected production of milk--Equaticn
6.21b (liters/year)

PRMT = the price of milk (Ps/liter)

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

TTGLR = as defined in Egquation 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 alternative adopted. Chang-~
ing expectatlons throughout the planning horizon are
simulated by a set of coefficient arrays (SINCR, TMINCR)
that increase output and costs over traditional cattle as
perceived by farmers. Values of these coefflcients for
each of the four modern alternatives are shown in Table II.4
in Chapter 6. Total revenue and total cost over the planning

horigen, i=1, ..., n, are computed as:

TRLAMi(t) = (SINCRi*EPAP(t)*ESLSPT(t) + EPAP(t)*BINCRi
#AUXL12(t) + TMINCRi*PRMT*EQMT(t))/TTGLR(t)

+ ELOANi(t) + AGSUBMi(t) (5.35¢)

l/For detaliled computation of these variables see
subroutine AGACC 1In the Appendix.
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TCLAMi(t) = EOPCLMi(t) + EOCLNMi(t) + ETCECi(t) +

EDBSERi(t) + ETXCi(t) + EVLDTXi(t)*EC&DEMi (5.354d)

where:

SINCR
TMINCR
BINCR
AUXLiZ
AGSUBM
ELOAN
EOPCLM
EQOCLNM
ETCEC
EDBSER
ETXC
EVLDTX

ECADEM

[}

expected increase in sales cver 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)l/

subsidies paild to modern cattle producers
(Ps/ha~year) :

expected payments of development locans--
Equation 6.4%0g (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)2/

expected taxes on modern cattle-~-Equation
6.40a (Ps/ha-year)

expected taxes on modern grazing land-—-
Equation 6.40c (Ps/ha-year)

expected deprecilation on equipment and
improvements--Equation 6.40¢c (Ps/ha-year).

1/

=" For a detalled computation of this variable see
subroutine DEMOG in the Appendlx,

2/

=" For a detailed computaticn of this variable see
subroutine AGACC in the Appendix.
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Total revenue and tetal cost of cash crops in the

uplands are computed simply as:
TRCRU(t) = EPCRPU(L)*EYLDCU(L) (5.35€e)

TCCRUL(t) = TCCRUL(%-DT) + EE%%gf(TCCRU(t-DT)

- TCCRUL{t-DT)) (5.351)
where:
TCCRU = total costs (unlagged) (Ps/ha-year)l/
EYLDCU = expected yield-~Equation 6.1 (Tons/ha~year)
EPCRPU = expected procducer price——Equétion 7.5b
(Ps/Ton)
DEL22 = lag parameter (years).

Promotlion 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 yilelds, government
or private subsidy and lcan 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 alsoc any othef means

of mass communication {(radlo broadcasts, films, and newspapers).

i/For a detalled computation of this variable see

subroutine AGACC in the Appendix.
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While promeotional information units (extension agent
equivalents) are exogenously generated as a policy (Chapter B8),
the model also computes (Equation 5.39) the demonstration
effect of farmers learning from one another about alternative

land uses.

Transition Responses

Changes in land use patterns reflect farmeraz' responses
to the percelved profitabllities of the available grazing
alternatives. The assumption is made that all farmers
modefnizing 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 profitabllity response functicn (Equation 5.36)
determines how many hectares of land an information unit can
transfer per year from traditional to modern management.
This calculation depends on the profitability of the alter-
native and the behavioral characteristics of the farm deci-

sion makers (see Figure II.1).
PR1({t) = max[ET7#(1-EXP(-E8%(PDR(t)-EG))), 0] (5.36)

where:

PR1

1l

a varlable which introduces £he effects of the
profitability e¢riterion, FDR, upon the adoption
rate (proportion)

Y = maximum proportion attainable-~-z model parameter
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E8 = the rate of promotion response with respect
to profitabllity (dimensionless)

EG = the ?romotion 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 I1.1, 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 invelved in the new methods, un-

certainty related to sccial stability, government programs

FIGURE II.1. The profitability response function.
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and promises in general, and the land tengre system. It

is clear that a wide range of adaptor behaviors can be
simulated by appropriately assigning values to these three
parameters. S8ince farmers will have different attitudes
toward extension agents (or other promotional efforts) than
they will toward one another, the values of the parameters
may bve different for promotion responses than for diffusion
regponges.

The profitability and behavioral criteria ars
instrumental in determining the rates at which farmers will
regpond In a diffusion process or to overt campaligns introduc-
ing modermn methods. The rate at which land enters a mcderni-
zation process as a resullt of overt promotion is given by

Equation 5.37.

E3(t)*PRL(t)*¥EXT1(t) (5.37)

RLMPI(t) =
where:
RLMPI = rate at which grazing land enters moderni-
: zation due to promotion (has/year)
EXT1 = units of pre-campalgn promotion--a poliey
variable
E3 = the maximum feaslble adoption rate per unit
of EXT1 (has/year per unit of EXT1)
PR1 = as defined in Equation 5.36.

Ag the program progresses, the promotion effort
veccmes 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=0) and approaches its maximum value
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(E31) when TCAM is large. Again, a wide range of real-world
siltuations can be simulated by appropriately assigning values

to the model parameters.
E3{t) = E31 - E32#EXP(-ER3*TCAM(%)) (5.38)

where:

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

E31, E32, E33
= model parameters.

The rate of adoption due to demonstrafion effects
depends on the differential between modern and traditional
productivities and on the behavlioral 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 modernlzed (TLMOD). 1If
there is no land in either use, there is no demonstration
effect and no diffusion, while the diffusion rate is greatest
when there 1s as much land in the alternative use as in the
present use. Thus, the rate at which diffusion takes place

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

RLMDT (%) = PRl(t)*TngéB)*TLMOD(tl (5.39)

where:

RLMDI rate at which grazing land enters moderniza-

tion due to diffusion (has/year)

TGLO

]

total (flood free) grazing land at the begin-
ning of the simulation (has)
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The total land entering modernization, RLMI, due
to The combined effect of promotion and diffusicn is simply

computed as:
RLMI(t) = RLMPI(t)} + RLMDI(t) (5.40)

The transition rate (Fquation 5.41) is cecnstrained
by available capital and lagged to account for delays in
establishing a modern alfternative. 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 thils 1s an impoertant 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 oonsumption), transfers from the
crops subsector, and potential credit. The model does not
consider competition for caplital between investments and
consumption; 1t is assumed that consumption is a_first claimant
to farm income and investment is treated as a residual.
This coversimplification of the consumption/saving decislons
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 tc maximlze both

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

The avallabllity 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 1s madé can be
related to whatever credit funds are available that same

year.
CRM(t) = max{min{RLMI(t), [min(ARM1(t), ARM2(t)) +
ARM3(t)]}, 0} ' (5.41)

where:

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

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

ARM1 = allowable rate of modernization depending
on availability of development credit--
FEquation 5.842a (has/year)

ARM2 = allowable rate of modernization depend-
ing on capability of farmer to meet his
required share of the establishment costs--
Equation 5.42b (has/year)

ARM?3 = allowable rate of modernization depending
on farmer's capability to meet total estab-
lishment costs without development credlit--
Equation 5.24ec (has/year)
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minfa,b] = a function egual 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)l/
that determine the constraints to the rate of medernization
require further explanation. If credit for development 1is
not available (ARM1 = 0; ARM3 > 0) the rate of moderniza-
tion depends on the farmers' capability to meet the total
establishment costs. If development credit i1s in ample supply
but the investment capital of the particlpating farmers is
not enocugh to meet their reguired share of the establishment
costs (ARM1.> ARM2; ARM3 = 0), 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 encugh to meet
their share of the establishment costs (ARM1 < ARM2; ARM3 > 0),
the model assumes that the remaining capital is reinvested in
the farm and the rate of modernization is inereased by an
amount equal to the aliowable rate without credit support
(ARM3). This is to say that resources in modern cattle pro-

duction are being used at a low opportunity cost.

CREDT (%)

ARM1 = CRTREG (D) {5.42a)
_ NCFR{t=DT)#*LT1
ARES = STeRG (6)*RPTN (5.42p)
1/

=~ Equations 5.42b and 5.42¢ have implicit in the
dencminater a one-year multiplicative factor that provides
the desired units. :
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ARM3(t) =

(NCFR(t~DT)-min(ARM1(t), ARMP2(t))*¥RPTN#TCEC(t)/LT1)*LT1

TCEC{%)
(5.42¢)
where:

ARM1 = gllowable rate of modernization depending on
availability of credit (has/year)

ARM2 = allowable rate of modernization depending on
capabliliity of ranchers to meet their share
of establishment costs (has/year)

ARM?3 = aliowable 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)

LT1 = time over which development loans are paid--
a policy varilable (years)

RPTN = farmers' participation of total establish-
ment costs--a policy variable (0 < RPTN < 1)
-—-proportion

NCFR = net investment capital of farmers--Equation
9.13 (Ps/year)

TCEC = total cash establishment costs--Equation

6.37 (Ps/ha),
The modernigzation process 1s simulated as & 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. FEquations

5.43 describe this process.

D

R1(t) = R1{t-DT) + fﬁﬁﬁ*(CHM(t-DT) - RY1(t=D")) (v.43a)
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Re(t)
RLM(E)

where:
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= R1(t)*4a5 (5.U43b)
DT
= R2(%-DT) + XBEE*(XRl(t_DT) - R2(t-DT)) (5.43c)
= RLM{t-DT) + i%%f*(RE(tHDT) ~ RLM(t-DT)) (5.43a)
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--Egquation 5.44.
R1, XR1l, R2

intermedlate rates {(has/year).

The "dropouts" response function (Equation 5.44)

determines the proportion cf land that remains, A%, after

land "drops'out" due to the shortage of extension workers

and/or development credit.

A5(t)

where:

(E13#

EXTR

EXTA

_ EXTA(t)
= min(El2#ggamyys 1)¥(AUXT(E) + AUX9(t)#*min
ACRDT(t)
SCRDT(E 1)’ (5.44)
= extension workers (or the equivalent) re-
gqulred to sustain the modernization program
~-~Equation 5.45 (man-years)
= extension workers available (man-years)
= credit allocated for modernization--a

ACRDT

policy variable (Ps/year)
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DCRDT = total demand for development eredit--
Equation 9.3 (Ps/year)}

AUX? = 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

El12, E13

= adjustable model parameters
minfa,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 modernlza-
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) (5.45)
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where:

C257 = the extension workers to grazing land ratio--
a model parameter (man-years/ha).

In order to compute inputs required for modernization
it is important to know how much land is in the modernization
process at any given time. The land in modernizaticn is
simply the sum of the time integrals of Equatlons 5.43.
Equation 5.46 computes TRSL--the land in transition from
traditional to modern practlces due to overt promotilicn and

diffusion.

TRSL{t+DT) = (XR1(t) + R2(t) + RLM(t))#*XDEL (5.46)

A5

E12 (E13) = 2
Elz (E13) = 1

1 EXTA/EXTR
ACRDT/LCRDT

FIGURE II.2. The land "dropout" functlon.
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A Tinal economic decision to be made is whether some
modern grazing land should be reverted to traditional practices
if the profitability of modern methods drops significantly
due to declining output prices, increasing input prices, etc.
Figure II.3 shows how the model (Equaticn 5.47) handles this
decision. It is clear that no reversion will occur unless
the profitability cirterisa relating modern returns to tradi-
tional returns (PDR) drop below some threshold value, in which
case, the reversion to traditlonal practices will occur at an
increasing rate, up to a maximum, as the profitability con-
tinues to fall. The adoption response function and the re-

version response function, which are not symmetrical, attempt

PR2(%)
E81 small —

EQ1 PDR(%)

FIGURE II.3. The reversion response function.
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to capture by proxy the farmers' investment and disinvest-

ment declisions.
PR2(t) = max(E1llx(1-EXP(-~-E81% (E91-PDR(t))})), 0) (5.47)

where:

PR2 = proportion of total land in modern production
: which reverse to traditional practice

PDR = the profitability criteria of Equation 5.30

Ell = maximum proportion that will be reverted
(proportion/year)

81 = a parameter regulating the reversion rate
(dimensionless)

revérsion threshold (Ps/ha).

91

The rate by whilch modern land reverts to fraditional
uses 1s simply the product TLMOD(t)*¥PR2(%t).
where: |

TLMOD % the total land in modern production (has).

Gilven this reversion rate and the rates land is
being modernized by production campaigns and diffusion, 1t
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).
fquation 5.43 first allocates grazing land entering moderni-
zation among the three regions In the same proportion graz-
ing land in each region is of tetal flood-free grazing land,
then subtracts the modern land reverting to traditional
practiqes, and finally allocates any change in total grazing

land over time between traditional and modern practices.
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GLTOTi(t)

TLMOD, (t+DT) = in[T TTGL(T)
1 (8+DT) = max{min[TLUOD, (£) + DT#(RLM(t)¥—rerips

ENT*TLMODi(t)*RTGLi(t)

- TL (L)%
MODl( YEPR2(L) + GLTOTi(t) R
GLTOT, (£)3, 0} ' (5.48)
where:
RLM = as defined in BEquation 5.43d
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)l
ENT = a model parameter (E6, E10, El4) that
determines the percentage of land entering
or leaving pasture production that enters
or leaves modern production
TGL = total (flood-free) grazing land (has)
1 = 1ndexes the agricultural regions, i=i, ..., 3.

The inclusion in Eguation 5.48 of the term involving
RTGL requires further discussion. Sinece, over time, the land
allocated by decilislion makers fto catile production wlll change,
there is a question about how these changes should be allocated
to traditional and modern production. The model formulation
permita 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 fradiftional and modern

;/For detailed computation of rate of change Iin
lowlands, subregion 1 and subregion 2 (RTGLL, RTGLULl and
RTGLU2, respectively) see subroutine LANDAL 1n the Appendix.
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production propeortionately according to the percentage each

igs of total land. Further, if:

i

ENT 1 when RTGL > 0 and

0 when RTGL < ©,

ENT

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-

ticnal (TTGL) production in the Costa is computed as:

3
TLMODR(t) = } TLMOD, (t) (5.49)
i=1 -
TTGL(t) = TGL(t) - TLMOD(%t)} - TRSL(t) (5.50)
where:

TTGL = tetal flood-free grazing iand in traditional
production in the Costa (has).

Flnally, Equation 5.%1 computes [lood-free and
seasonally flooded grazing land in traditional production

{(TTGLR) in the Costa.

TTGLR(t) = TTGL(t) + TGLSF(t)%C9 (5.51)

where:

fl

TGLSF total pasture land in the seasonally flooded

region-~Equation 5.14 (has)

c9 a model parameter adjusting seasonally

flooded grasslands to permanent grazing land.
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Cattle Transfers

As pasture land is modernized and forage production
increased, cattle are moved to graze in these lands under
improved husbandry practices. The rate that animals are
added to the modern grazing lands is a function of the rate
of 1ncrease of thelir nutrition levels and the relative
difference between the achieved nutrition and the desired

one. This is computed by Equation 5.52.

RTDN(t) + Cl2%TOPOPM(t)* (TDNAM(t) - TDNREQ) (5.52)

RAA(EL) = TDNREQ
where:
RAA = pate animals are added to the modern sector
(animals/year)
RTDN = rate of increase of TDN.1n the modern

sector (tons/year-year)i

TDNAM = TDN per animal in the modern sector (tons/
animal-year)1l/

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

TOPOPM = total animal population 1n the modern sector
(animals )i/

cl2 = a model parameter that determines the

influence which the difference between

the achieved nutrition level and the de-
sired nutrition level in the modern sector
has on the rate animals are addsed 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 BEquations 5.53.

It is assumed that the sex ratio of transferring animals is

l/For detailed computation of these wvariables see
subroutine DEMOG in the Appendix.
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the same as that of the Lraditional population (this could

also be a policy variable).

It is also assumed that only

fertiie females are transferred from the producing. cohort.

_ RAA(L)®#PFGT(%t)

RFGTT(t) TOPOPTI(t) (5.532)
_ RAA(L)*FERT(t)
REPTT(L) = TOPODTL(L) (5.53b)
_ RAA{t)=PMGT(t)
RMGTT(t) = ™ %5p5pm1(6) (5.53¢)
' _ RAA(L)#PMPT(%)
RMPTT(t) = TOPOPTL (L) {5.53d)
where:
RFGTT = rate growing females are transferred out of
the traditional sector (animals/year)
RFPTT = rate producing females are transferred out
of the traditional sector (animals/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 traditicnal

The rates

sector net of females unsuitable for re-
production--Equation 5.54 (animals).

animals leave the modern sector are the

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

are arrivals):

RFGTM(t) = -REGTT(%) (5.53e)
RFPTM(t) = -RFPTT(t) (5.53f)
RMGTM{t) = —-RMGTT(%) (5.53g)
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RMPTM(t) = -RMPTT(t) (5.53h)

The traditional cattle populatlon base for these
transfers (TOPOPT1), computed 1n Equation 5.54 below, excludes
all females which are unfit for reproduction, i.e., 0ld cows,

infertile cows, and cows with severe cases of mastitis.

TOPOPT1(t) = TOPOPT(t) - OLDFT(t) - FINFT(t) - FMAST{(t) (5.54)

where:

TOPOPT = total catfle population in the traditionail
sector (animals)

OLDFT = traditional population of c¢ld females--
Equation 6.12 (animals)

FINFT = traditional producing females which are
infertile--Equation 6,17a (animals)

FMAST = traditional producing females with mastitis

--Eguation 6.17b (animals).

The preceding equations define the most relevant
varlables and structural relationships of thé land allocation
and modernization component. The interested reader can find
the complete llst 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 I1.1 at the end of this chapter shows the values

of a selected number of variables used in component LAMDAC.
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TARLE TIT.1. Selected Coefficlents and Initial Values in the
Land Allocstion and Moderniwzation Decisions
Component (LAMDAC).

Definiticon
(Equation No,) Value
DT Determines the time increment of .25
(5.1a) " the model (years)
ALZ Determines the rate of growth in .03
(5.4) food crops land (proportion/year)
CFD1 Determines the allocation of food .5
(5.8) crop land to subregion 1

(proportion)
CLl Determines the speed of land .03
(5.21) ~adjustment in subregion 1

{proportion/year)
CcL2 Deftermines the allocatlon of food 5
(5.23a) crop land between cash crop and

grasslands {(proportion)
C9 Determines permanent grazing land .55
(5.29) equivalent (proportion/year)
clz Determines the speed of animals 1
(h.52) transfer (proportion/year)
C249 Determines the allocation of .8
(5.6) food crop land to region 3

(proportion)
C257 Determines extension workers 0005
(5.45) requirements (man-years/ha)
E7 Cetermines maximum adoption rate 1
(5.36) (proportion)
E11 Determines maximum proportion of .5
(5.47) reversion to traditional

practices (proportion/year)
E12 Determines the extension "drop~ 1.2
(5.44) outs" response threshold

(dimensionless) }
E13 Determines the credit "dropouts" 1
(5.44) response threshold (dimension-

legs)
E31 Determines maximum value of E3 4,000
(5.38) when accumulated time is large

(has/year per unit of extension)
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TABLE IT.1. (continued)
Definition
(Equation Nc.) Value
E32 Determines minimum value of EZ3 2,000
(5.38) at time zero (has/year per unit

of extension)
E33 Determines the rate at which E32 .3
(5.38) decreases over time (dimension-

less)
RLCEL Determines the rate of growth in 4,500
(5.11) cash crop land in region 2

(has/year)
RLDRN Determines the rate flooded land 13,500
(5.3) is drained (has/year)
RPTN Determines farmers' participation .2
(5.42b) of total establishment costs

(proportion)
EXTA Determines extension workers 250
(5.44) available (man-years)
TDNREQ Determines TDN desired for modern 1.85
(5.52) animals (tons/animal-year)
PRM Determines the price of milk 1
(5.35a) (Ps/liter)
XDEL Determines one-third of the time 1
(5.43a) to complete modernization (years)
TLAVLO Initial flood-free agricultural 533.3
(5.1a) land potentially available in

region 2 (thous. has)
TLAVL(O0) Initial floocd-free agricultural 431.0
(5.1a) land actually available in region

2 (thous. has)
TLAVUO1 Initial agricultural land 2,169.06
(5.1b) potentially available in sub-

region 1 (thous. has)
TLAVU1(0) Initial agricultural land 1,720.73
{5.1b) actually available in subregion

1 (thous. has)
TLAVUO2 Tnitial agricultural land 1,676.0

(5.1c)

potentially avallable in
subregion 2 (thous. has)
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TABLE IX.1. ({continued)

Definition
(Equation No.) Value
TLAVU2{(0) Initial agricultural land 1,293.02
(5.1¢) actually available in subregilon

2 (thous. has)
TGLSFO Initlial potential grazing land 3,137.95
(5.14) in region-1 (thous. has)
TLDENLO Initial land capable of drainage 3,137.95
(5.2) (thous. has)
PLECUL(0) Initial land in food crops in 40,915
(5.20) gubregion 1 (has)

Source: [13,

15, 36, 37, 38, 42, 53, 58, 59] and initlal
guesstimates and model tuning.



CHAPTER 6
AGRICULTURAL PRODUCTION--CROPS/CATTLE (AGFRAC)

Component AGPRAC generates the production of crops,
pastures and cattle, and determines the yields ¢f farm crops

and the sales.of cattle,.

Crop Yields

Crop yields are a composite of the majJor crops grown .
in the Costa and are assumed {0 remain constant throughout
fhe simulation. Increases in crop yields over time are allowed
in the model as part of the modernization policies that will
be discussed in Chapters 8 and 12.

Cash crop yields are computed for each agricultural
region according to the crop mix assumed in Chapter 5.
Further, it is assumed that yields in the more fertile low-
lands (YLDCL) are 10 percent higher than in the uplands
{YLDCU). With these assumptions and using the average yields
derived from the Caja Agraria crop reports [7], it is possible
to compute the average yield of individual commodities for
each agricultural region. Then, using the same crops allocat-
ing weights of component LAMDAC, it 1is possible to compute a
composite yield for each agricultural region. Table II1.2
shows the computed average yield of each commodity, and
Table IIT.3 on page 232 shows the composite yields used in
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computing crop production and income below (oauation 6.79a),
The computation of food crop ylelds (YLDFC) is simply a
composite of the average yields of plantain and cassava as
reported by the CajJa Agraria for the period 19£5-1969 [7]. L/
The five-year average yield of cash c¢rops in the

uplands used in the land allocation decisions of component

LAMDAC is computed as:

EYLDCU(L) = EYLDCU(t-DT) + ~Efg*(YLDCU(t—DT) -

EYLDCU(t-DT)) (6.1)

. Where:

EYLDCU exponential average of cash crop yields
in the uplands, used 1n Equation 5.35e

in LAMDAC (tons/ha—year)

YLDCU = average yleld of cash crops grown in the
uplands (tons/ha-year)
DELSB = average lag (years).

The increase in crop yields as a result of crop
modernization efforts 1is combuted in Equations 6.2. Here,
it is assumed that crops reach their maximum target yleld
gradually, over a period of.several vears (DEL9 ard DELLO).
Thils length cf time can be interpreted as being respconsive

to the crop modernization campaigns and could be a policy

l/_Average reglonal yields (tons/ha-year) of each
commodity are: sesame—-—.66; cotton--1.4; corn--1.11; sorghum
-~1.8; rice--1.9; plantain--8.38; and cassava-~-~83.28,
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TABLE II.2. Average Annual Yield and Initial Costs by
Farming Sectors.

Yield Cost#
(Tons/ha-yr) (Ps/ha-yr)

Crop Uplands Lowlands Uplands Lowlands
Sesame .63 L6013 100 4og
Cotton 1.34 1.47 1,639 1,672
Corn 1.08 1.19 313 319
Sorghum 1.73 1.9 564 575
Rice - 1.9 - 1,270
Plantain 8.38 Yolo;

Cassava 8.28 787

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

Source: [7, 57, €9]
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variabie. Target or desired yields have been derived Trom
targets set by the Miniﬂtry.or Agriculture for Colombian
ot , Co
major crops [58]~/ and then welghted by the crop allocating
welghts of component LAMDAC to obtain a composite average

for each agricultural region.

DT

YLDCU(t4DT) = YLDCU(t) + 5EE§*(DYLDCU - YLDCU(%)) {6.2a)
YLDCL(t+4DT) = YLDCL(t) + ﬁgggﬁ(DYLDCL - YLDCL(t)) (6.21)
YLDFC({t4DT) = YLDFC(t) + EE%%E*(DYLDFC - YLDFC(t)) {(6.2¢)
where:

YLDCU = the projected yleld of cash crops in the

uplands (tons/ha-year)

YLDCL = the projected yield of cash crops in the
lowlands {tons/ha-year)

YLDFC = the projected yield of food crops (tons/
ha-year)
DYLDCU = the target yileld of cash c¢rops in the

uplands (tons/ha-year)

DYLDCL = the target yield of cash crops in the low-
lands {tons/ha-year)
DYLDFC = the target yield of food crops (tons/ha-year)

DEL9, DEL1O
= average lag {years).

Pasture Production

Before generating the production of cattle, component

AGPREAC determines the output of fodder as total digestible

1/

7 =~ Target yilelds (tons/ha-year) for the major crops
grown in the Costa are: sesame--.75; cotton--1.8; corn--1.6;
scrghum--3.8; rice--4.1: plantain--10; cassava--10.
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TABLE IT1.2 Average Annual Yield and Initial Costs by
Farming Sectors,
Yield Cost¥
(Tong/ha-yr) (Ps/ha-yr)
Crop Uplands Lowlands Uplands Lowlands
Sesame .63 .603 400 408§
Cotton 1.34 1.47 1,636 1,672
Corn 1.08 1.1¢ 3173 319
Sorghum 1.73 1.9 564 575
Rice - 1.9 - 1,270
Plantain 8.38 600
Cassava 8.28 787

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

[7: 57,

Source:

69]
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variable., Target or desired yields have been derived [lrom
targets set by the Minlstry of Apriculture lfov Colombion
maj or crops [58]l/ and then welghted by the crop allocating
welghts of component LAMDAC to obtain a composite average

for each agricultural region.

YLDCU(t+4DT) = YLDCU(t) + 5%%§*(DYLDCU - YLDCU(t)) (6.22)
YLDCL(t4DT) = YLDCL(t) + ﬁggg*(DYLDCL - YLDCL(t)) - (6.2D)
YLDRC(t+DT) = YLDFC(t) + EE%%E*(DYLDFC - YLDFC(t)) (6.2¢)
where:

YLDCU = the projected yield of cash crops in the

uplands (tons/ha-year)

YILDCL = the projected yield of cash ecrops in the
lowlands {(tons/ha-year)

YLDFC = the projected yield of food crops (tons/
ha-year)

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

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

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

DELS, DEL10O
= average lag (years).

Pasture Productiocon

Before generating the production of cattle, component

AGPRAC determines the output of fodder as total digestible

7 l/Target yields (tons/ha-year) for the major crops
grown in the Costa are: sesame--.,75; cotton--1.8; corn--1.6;
sorghum--3.8; rice--4.1; plantain--10; cassava--10.
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nutrients (TDN) from traditional and modern grasslands. First,
the component computes (Equations £.3) the regicnal average
TDN yields of artificial and native grasses under both
traditional and modern practices. Prcduction of artificial
and native grasses is estimated as an average of dry and rainy
season yields based on the permanent carrying capacity of
these pastures. Traditional artificial pastures in the
uplands under ccontinucus grazing and without fertilizer, yield
5.5 tons of dry forage per hectare annually or approximately
3.48 tons of TDN (1 kilogram of dry forage produces .633
kilograms of TDN [33].) This is enough feed %o support 1.9
head of cattle throughout a year on the basis cof an average
nutritional requirement of 1,82 tons TDN/head-year. Further,
it is assumed that artificial grasses in the more productilve
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, €66]. Improved pastures are
estimated to have a carrying capacity 40 peréent higher than
pastures under traditional management. The average yields

used in these computations are shown in Table TII.3 on

page 232 .
ceo(t) (CQOU (TTGLUI(t) + TTGLU2(%)) + CCGOL#TTGLL(t))
TTGL (%)
(6.3a)
cao1(t) = (CGOULX(TTGLUL(t) + TTGLU2(¢)) + CGOLI*TTGLL(t))

TTCL(E) 6 )
.3k



CG1L(t)

cG2(t)

where:

(CGU1* (TLMOD2(t} + TLMOD?Z(

J) + CGLxTLMCDL{t))

TLMOD(E)
(6.3¢)

{CGU2# {TLMOD2{t) + TLMOD3{%£)) + COLZ2¥TLMOD1(%))

cao

ccol

CG1l

caz2

cGou

CGOUL

CoUl

cGu2

CGOL .

CGoL1

fl

1

Ll

H]

average
grasses

average
grasses

average
grasses

average

TLMOD(t)
(6.

3d)

TDN yield from traditional artificial
in the Costa (tons/ha-year)

TDN yield from ftradiltional native
in the Costa (tons/ha-year)

TDN yield from improved artificial
in the Costa {(tons/ha-year)

TDN yield from improved native grasses

in the Costa (tons/ha-year)

average
grasses

average
grasses

average
grasses

average

traditional artificilal
(tons/ha-year)

TDN yield from
in the uplands

traditional native
(tons/ha-year)

TDN yield from
in the uplands

improved artificial
(tons/ha-year)

TDN yield from
in the uplands

TDN yield from improved native grasses

in the upland (tons/ha-year)

average
grasses

average
grasses

average
grasses

average
grasses

TDN yield from traditional artificilal
in the lowlands (tons/ha-year)

TDN yield from traditional native
in the lowlands (tons/ha-year)

TDKN yleld from improved artiflieial
in the lowlands {tons/ha-year)

TDN yielid from improved native
in the low lands (%tcens/ha-year)

TTGLL, TTGLUL, TTGLUZ
total land in traditional grazing in region

=

2y
{has)

subregion 1 and subregion 2, respectively
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TTGL = total Costa flood-free land in traditional
pasture productlion-~kEguation 5.50 (has)

TLMOD1, TLMODRZ, TLMOD?Z
= total land in modern grazing in region 2,
subregion 1 and subregion 2, respectively--
Equation 5.48 (nas).

Total digestible nutrients available to the traditional
sector come from pasture iIn the flcod-free and in the seasconally
floocded lands. Crop residues, particularly of cotton, are
added to the nutrient supply. Since there are indicatlons of

overgrazing in the region, the deteriorating effect of this

practice is introduced intc the model by Equatiocns 6.4.

_ TTGLR(t)
GRT(L) = 75paPT(t) (6.5a)
where:
GRT = grazing rate in the traditicnal sector
(has/animal)
TTGLR = total traditional grazing land in the
Costa~-Equation £.51 (has)
TOPOPT = total traditicnal cattle population

(animals)l/

RCON(t4DT) = max(RcaN(t) + DT#C5% (GRT(%) - GRE), .1) (6.4p)

where:
RCON = range condition {a dimensionless number)
GRE = equilibrium grazing rate (which results
in constant range condition) (has/animal)
CH = a parameter that determines the extent of
: influence of grazing rate upon range
condition

L/For a detalled computation of this variable see
subroutine DEMOG 1In the Appendix.
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Hange condlilon
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= the maximum of o arcd b,

1o prevented Trom dimintishling below an ane

realistic limit by establishing a lower bound for RCON,.

The above equations stipulate that range condition increaseg.

or decreases over time 1f GRT is respectively greater or less

than GRE. Given range condition, it is now possible to com-

pute the total TDN available from the {locd-free Traditional

grazing land.

TDNTG(t) = RCON(t)#{CGO{t)*CPLPT*TTGL(t) + CGOl(%t)

¥(1 — CPLPT)#*TTGL{t)) (6.5)

where:

TDNTG

CPLPT

CGo =

CGOL

TTGL =

total traditional TDN from flood-free
grasslands (tons/year)

propertion of artificial grasses in
traditional grazing land

as defined in Equation 6.3a
as defined in FEguation 6.3b

as defined in Eguation 6.3a.

Total TDH availlable from crop residues and seascnally

filcoded lands is computed as:

TDNRE(t) = C7#C220%(TLCRU(t) + TLCRL(t)) (6.6)
TDNSF(t) = TGLSF(t)*C0o%C10 (6.7)
where:
TODNRE = TDN available to ftraditional animels from
crop residues {(tons/year)
TLCRU = land in cash crops in the uplands--Equation

5.24 (has)
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=
T
e
X
=

i

land is ecash crops in flocd-free lowland--
Equation 5,11 (has)

TDNSEF = TDN available to traditional animals from
seasonally flooded land (tons/year)

-3
(9]
£
[02]
=
1

total pasture land from seascnally flooded
areas--Equation 5.14 (has)

cT
C220

TDN yield of crop residues (tons/ha-year)

a model parametfer determining the propcrtion
of cash crops producing residues used to
feed traditional animals

c9 = proportion of time that flooded land i=s
available for grazing

C1l0 = TDN yield of grasses from seascnally floocded
lands (tons/ha-year).

Finally, the total TDN avallable annually to the

traditional sector, TDNT, is simply computed as:
TDNT(t) = TDNTG(t)} + TDNRE{t) + TDNSF(t) (€.8)

Teotal TDN available to the modern sector depends on
the alternative adopted. Land in transition from traditional
to modern practices (TR3L) is considered part of the modern
gector, but as prcducing forage at a rate Iintermediate
hetween traditional and improved pastures. Briefly, alter-
natives 1 and 3 consider the improvement cof both native and
artificial grasses, as well as the producticn of forage crops
in the latter to supplement nutrition during the dry season.
Alternatives 2 and 4 consider the improvement of artificial
pastures and the substitution of improved artificial grasses
for traditional native grasses. TIn additlon, alternative 4
includes the production of forage crops {o supplement nutri-

tion from grasses. The component computes the average yleld



from improved and transition grasses as well as the average
vield from forage crops in the ferm of silage. Given the
average yields and the land in pasture and forages, it is
possible to compute the teotal TDN available to the medern
sector from each alternative. Forages are planted to the
extent needed to make up for the deficit in nutrition as
shown by the difference between the TDN obtained from grasses
and a target level of TDN (TDND in Equation 6.9f). Although
TDND could be a peollecy parameter, the model assumes this
target is set at the nutrition level required to suppcrt
four head per hectare, the current average carrylng capacity
in the Costa during the rainy season. Equation 6.9g, which
computes area in forages, implies that land is taken cut of
modern producticn and transition in the same proportion.

Mathematically, these computations are carried cut in Equaticn

6.9.

CGA() = COL(t)*CPLPT + ca2(t)*(1 - CPLPT) (6.9a)
CTR(t) = CG3*CPLPT + CGH#(1 - CPLPT) (6.90)
TDNF = cess*gggg*TDNse | (6.9¢)

Further, CGA{t) = CGl, and

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

where:
CGA = TDN yield from improved grasses (tons/ha-~year)

CTR = TDN yield from grasses in transition (tons/
ha-year)
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CG3 = TDN yield from transition artificial grasses
(see Table III.3) {(tons/ha-year)

CGHU = TDN yield from transition native grasses
(see Table IIT.3) {(tons/ha-year)

TDNF

= TDN yileld from forages (tons/ha-year)
TDNSG = TDN yield from gilage (tons/ton of silage)
C250 = a model parameter to account for weight
lcsses when green forage is converted into
silage
€253 = yield of green forage (tons/ha-cutting)
€254 = 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 period.
TMPLi(t) = TLMODi(t) + TRSLi(t) - TLFi(t) (6.9h)

where:

TMPI, = 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(tJ = TDNF#TLF. (t) + TDNGi(t)*TMPLi(t), i=3,4 (6.91)

where:

TDNM = TDN output from modern land {tons/year).



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 is divided
into three age cohorts for females and two age cohorts for
males (Figure II.4). The respective cohort lengths reflect
the three production stages the model identifies: & growing
stage, a producing stage, and a stage in which animals with-
out reproductive capabilities remain. The aging of animals
fhrough the first two cohorts 1s modeled by distributed
1ags.£/ When females finally enter the o¢ld age cchort, their
aging rate 1s no longer modeled, and cows remain there
affected by deaths and sales through herd management policies.
Based on the census data available [15] the model assumes
that all animals two years 0ld and less are included in the
growing cohort; the producing cohort includes those animals
over two yéars. |

The preceding production process is simulated by
four calls to DELDT subroutine [52, 547, one for each sex
cohert. 3ince the structure of the subroutine is alike for

each cohort and differences Iin output arise only from dif-

ferences in inputs, only the production of growing females

l/The distributed lag model used here has been adapted
following Abkin [1, Chapter 3].
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will be discussed In detail here.

Cattle producticrn ecohorts.

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 traditicnal or

modern data.

CALL DELDT(RF(t-DT), RFOU1(%), RINTF1(t), DGROF, IDTF1,

DT, KCGROF)

where:

BF

REOUL

(6.10a)

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

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

average length of time females remzin in
Cohort 1 (years)

KGROF

a parameter that determines the probacllity
digtribution for the length of time individual
females remaln in Cohort 1

RINTF1, IDTF1

= other varizbles associlated with the use of
the DELDT subroutine

DT = time increment of the model (years).

The purpose of this call to subroutine DELDT iz to
compute RFOU1(t), the rate females leave Cohort 1. This rate

minus any 1635@5 (due to deaths, sales and transfers) becomes

the input to Cohort 2, the producing stage, RFOUP1(t):
RFOUP1(t) = RFOUIL(t) - RFOUL(t)*(DRL1(%) + PSFG(t)
+ PPFGT(%))*DT (6.10b)

where:

It

DRL1 death rate of the growing population--

Equatlon 6.16 (proportion/year)

FSFG = proporticn of growing females so0ld
(proportion/year)l
PPFGT = proportion ¢f growing females transferred

out of a given sector {(modern or traditional)
(proportion/year)i

The output of the male producing cohort, RMOUZ, is the
number of finished males available annually for immediate
consumption, and the output of the female producing cohort,

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

1/

=" For detalled computation of these variables see
subroutine DEMOG in the Appendix.
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as a result of old age. Given the basic model of the cattle
demographic process, it is possible to compute the population
in each cohort, total pepulation and other varilables of
importance in the model.

The number of animals in the female and male cohorts
are computed as time integrals of population flowlrates. As
stated earlier, old females are not transferred but stored
for sales decisions based on herd management policies. 3ince
the structural equations are alike for Cohorts 1 and 2, the
computaticn of the number of grcowing 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{t4DT) = PFG(t) + DT*(BF(t) -~ DRLI(t)}#PFG(t) - SLBFG(t) -

RFGT(t} - RFOUPL(t)) (6.11)
where:
PFG = population of growing females (animals)
SLSFG = sales of growing females--Equations 6.22

(animals/year)

REGT = rate growing females are transferred--
Equations 5.53 (animals/year)

RFOUPL = rate females leave the growing stage and
enter the producing stage--Equation 6.10b

(animals/vear).
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OLDF(t+DT) = OLDF(t) + DT#(RFOUP2(t) - SCLDF(t) - DRL2(%)

#OLDF{%)) {(6.12)

where:

OLDF

populaticn of o0ld females (femaleg which
have concluded the reproductive 1ife)
{animals)

SOLDF = sales of old females--Equation 6.22e

(animals/year)

RFCUPZ2 = rate females leave fthe producing stage
and enter o0ld age--Equation 6.10b where
transfers = 0 (animals/year)

DRLZ2 = death rate of the producing population--

Eguation 6.16 (proportion/year).

Cnce cattle demcgraphy has been simulated, the mcdel
computes the variables affecting the transiftion rates of fthis
population. Live birth rates and death rateg are computed as
a function of the level of nutrition (TDNA). Death rates
are computed separately for the growing and.producing popula-
tions as shown in Equations €.13. The table look-up functions
[52, 54] used in these equations compute traditional or modern
birth and death rates depending upon whether the VAL arrays
are supplied with traditional or mocdern data.. Figurés IT.5

graphically depict these functions.

BR(t) = TABLIE(VALE, SMALLB, DIFFB, KB, TDNA&) (6.13a)
DRG(t) = TABLIE(VALDG, SMALLDG, DIFFDG, KDG, TDNA) (6.13)
DRP(t) = TABLIE(VALDP, SMALLDP, DIFFDP, KDP, TDNA) (6.13¢)



)
.i_

r
1

w42

A i

VALL(L)
VAL1(2)
VALL(3)
VALI(Y)
VALL(S)
VALL(6)

s nnon

DO SO O D

.00

.25
63

-1~

0O

[9»

1

(A)

TDONA kgrs./animal-year

[N e

360 720 1080 1lhup 1800 2350

FIGURE II.5.a. Traditicnal birth rate versus tcotal digestible
nutrients.

VALM1(1) = .00
VALM1{2) = 0.30
3 VALM1{3) = 0.60
VALM1{Y4) = C.70
- VALM1{5) = 0.80
VALMI{6) = 0.8%5

{ 1 | | 1
360 720 1080 1hML4g 1800 2160

TDNA kgrs./animal-year

Modern birth rate versus total digestible
nutrients.



1k

Las

B

Ik VAL2(1) = .76
VAL2(2) = .17
VAL2(3) = .10

6 VAL2(L) = .066
VAL2(5) = .04

Sk VAL2(6) = .029

A

3

.2k

1k

0 L ' ! L 1 TDXNA kgrs./animal

360 720 1080 144g 1800 2160 : '

FIGURE II.5.¢. Traditional death rate of growing cohort
versus total digestible nutrients.

DRG

B

O VALM2(1) = .7C
VLAM2(2) = .15

6F VALM2(3) = .08
VALMZ(4) = .05

e VALM2{5) = .032

.5 VALMZ{6) = .022

Ak

3=

2

A

1 1 i 1 : TDNA kgrs./animal-year
o 350 720 1080 1440 1800 2160

FIGURE II.5.d. DModern death rate of growing cohort versus
totzl digestible nutrients.



-]

LAk R AR SN

DRP
sk
.7'_
6 VAL2(1) = .46

VAL3(2) = .10
5 VAL3{(3} = .06

VAL3(Y4Y = .ok

VAL3(5) = .025
4 VAL3(6) = .C18
Y
oF

A 1 1 1 .
TONA kgrs./animal-

0 360 720 1080 1440 1800 2160 grs./animal-year

FIGURE I1.%.e. Traditional death rate of producing cohort
versus total digestible nutrients.

DRF

gl

o

6 - VALM3(1) = .45
VALM3{(2) = .09
VALM3(3) = ,0U7

5r VALMI(LY = 027
VALM3{5} = .012

4 - VALM3(6) = ,01

3

Lo

.1

- 1. i TDNA kgrs./animal-year
360 720 1080 1440 1800 2160 .

o

FIGURE II.5.f. Modern death rate of producing cchort versus
total digestible nutrients.



[
£
(]

where:

BR = live birth rate--proportlion of producing
females calving per year. Tn the model is
also taken as a preghancy rate

DRG = death rate--proportion of growing popula-
tion dying per year

DRP = death rate--proportion of producing populia-
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.l/
In reality, births and déaths do not ¢hange instanta-
neously with changes 1in nutritional levels and/or population
slzes, but rather lapg behind changes in these variables.
The wvariasbles BR, DRG and DRP must therefore be operated on
to introduce these lag effects. Equation 6.14 shows this

computation for birth rates:

DT

BR2(t) = BR2(t-DT) + SELT

=== % (BR{¢t-DT) - BR2(t~DT}) (6.18)

l/For a detailed computation of thls variable see
subreoutine DEMOG in the Appendix.
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where:

BR2 actual live birth rate (proportion/year)

DEL1 = lag parameter (years).

The actual death rate of the growing population, DR1l, and the
actual death rate of the producing population, DRZ2, are com-
puted using similar equations to the one above.

Nutrition and'management are not the only factors
affecting birth and death rates. Diseases have a major
role in determining the value of these variables, and we
are particularly concerned here with brucelloslis and foot-
and-mouth disease (FMD) which are epidemic'in the reglon.
The effect of brucellosis on birth rates is intfoduced 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 BRZ iz taken as a pregnancy rate,
BRL2(t) = BR2{(t)*(1l - CBANG(t)) (6.15)

where:

BRL?2 the effective live birth rate (proportion/year)

CBANG proportion of pregnant cows abortin%/due to

vrucellosis, where 0 < CBANG < .04.
.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 is shown in Equa-

tion 6.16 for the growing cohort.

L/

~" For a detailed computation of this variable see
subroutine DEMOG in the Appendix.
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DRL1I(t) = DR1(t)*¥DRA(t) (6.1E)
where:
DRL]1 = the effectlve death rate of growing animals
: (proportion/year)
DR1 = the actual death rate of growing animals--

Equation 6.14 (proportion/year)

DRA = proportional increase in death rates due to
FMD, where I < DRA < 1.33.

Before computing total births 1t 1s necegsgary to
determine the number of cows capable of calving fcund in the
population of producing females. This is done 1n the model
with Equations 6.17 by computing fthe number of infertile
cows and those affected by severe cases of mastitis, caused
by FMD, that have to be discarded from the breeding herd.
Fquations 6.17 are the time integrals of female population
flow rates where affected animals come out from each of the
transition rétes in the same proportion. Equation 6.17=
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
onn the level of nutrition available and a rate of response to
changes 1n nutrition. The function has an ﬁpper bound that
is reached when nutrition is below a predetermined level;
the lower bound Indicates that a2 minimum of infertility is
always present (due to heredity and/or other causes) despite
high levels of nutrition [24]. The effect of brucellosis is
introduced by the variable, CB(t) = BR2{t)#CBANG(t), which

determines the proportion of cows aborting (see Equation
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6.15); 1t is also assumed that 10 percent of the cows abort-

ing become infertile [317.

FINF(t+DT) = PFINF(t)*[PFP(t) - DT*(DFP(t) + RFOU2(t) +
SLMAS(t))] - SLINF(t)%DT + DT#(CB(t)%0.10
+ PIFNU(t))*[ (PFP(t) - DT*(DFP(t) + RFOU2(t)
+ SLMAS(t))#(1 - PFINF(t))) + DT#(RFOUL(t)

- RFPT(t) - SLFER(t))] (6.17a)

where:

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)

RFQOU2 = actual rate at which producing females leave
the producing stage--Equations 6.10 (animals/
year)

SLMAS = gsales 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)

PIFNU = producing females becoming infertile due %o
‘malinutrition where .01 < PIFNU < .05
{proportion/year)

RFQU1l = 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).
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Equation 6.17b below assumes that 1€ percent of the
cows without treatment against FMD get the disease; further,
it is assumed that 5 percent of the cows getting ™MD are
affected by severe mastitis [31]. Thnis equation alsc
implies, as a simplification, that treatment against FMD

is applled to animals in each ccochort in the same proportion.
FMAS(t+4DT) = PFMAS(t)%[PFP(t} - DT#{(DFP(t) + RFOU2(t)

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

#DT#0.18%0.05%[ (PFP(t) - DT#(DFP(t) + RFOU2(t)

+ SLINF(t)#{(1 - PFMAS(t))) + DT#(RFOUL(t) -

RFPT(t) - SLFER(%))] (6.17b)
where:
FMAS = producing females with mastitis due to
FMD (animals)
FFMAS = proportlon of prcocducing females with mastitis
PATAF = animals treated against TMD--Equation 6.28¢
(proportion/year).
Finally, the number of fertlle cows is simply computed
as
FER(t) = PFP(t) - FMAS(%t) - FINF(t) (6.18)

Given the population of fertile females and the
effective birth rate, it 1s possible to compute total births.
it is assumed in the model that births are evenly distributed

between males and females.
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BA(t) = BRL2(t)#FER(t) (6.19a)
BF(t) = 0.5%BA(t) (6.19p)
BM(t) = BA(t) - BF(%t) (6.19¢c)
where:

BA = total animal births (animals/year)

BF = total female blrths (animals/year)

BM = total male births (animals/year)

BRL2 = as defined in Equation 6.15.

Animal deaths are computed for growing and producing

animals and for each sex category. ZEquations 6.20 show this

computation for females only.

PFG(t)#DRL1{t) (6.20a)

DFG{t) =
DFP(t} = PFP(t)*DRL2(%) (6.20b)
where:

DFG = actual deaths of growing'females

(animals/year)

= actual deaths of producing females

DFP
(animals/year)

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

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

DRL1, DRL2 = as defined in Eguation 6.16.

Milk and Antmals Qutputb

Mext, the model computes the output from cattle in

the Torm of milk and total sales, and the marketing eguations
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used 1In the generation of prices. The guantity 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)Y + (1 - PATAF(t))®%0.82 + (1 -
PATAF(t))%0.18%0.85) J*PFLAC(t)Y*C202%YMA*TABEXE

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

where:
QM = guantity of milk produced (liters/year)
PFLAC = proportion of females lactating
YMA = average milk output per cow (liters/cow-year)
0202 = a model parameter determining the number of
lactating cows which are milked (proportion)
TABEXE (VAL6, ..., TDNA)

= a subprogram which introduces a milk pro-

ducticn factor determined by the level of
nutrition--TDNA.

The expected production of milk used in Eguation

5.35a of component LAMDAC is computed as:
EQMT(t) = PFERT(t)*PFLACT(L)*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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model. Although the sales policies have been designed with
enough flexibility to permit simulation of farmers' behavior
the current formulation allews 1ittle 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-
fional considerations. As a general sales policy the model
assumes the following priorities (for other than finished
males): (1) old cows; (2) cows with reproductive problems;
(3) growing males; (4) growing females; (5) fertile cows;
and (6) producing males.

According to the preceding assumptions, sales are
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. If pas-
tures are being undergrazed, the decision mechanism operates
to reduce sales and increase the retention of animals untll
the appropriate grazing rate is achieved. This nutrition
effect is introduced in the sales equations by the variable
PAN,., This varilable isg recalculated each time a sale is performed.

The sales equaticns describe a family of supply curves
which first are completely 1nelastic, then are positively
sloped, and finally become completely inelastic (Figure II.6).
The inelastic portions of the curve place an uﬁper bound to

sales preventing the herd from being liquidated, and a lower
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bound indicating that a minimum of animals are marketed from
the herd desplte 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 policles (see Table II.3). Since there
are similar.relationships between management of the tradi-
tional and modern herds and for each of fthe six sale groups,

the sale of ©ld cows will be shown 1n detail here. Respcnse

' PAP ELAS .
to price is given by the relationship TN in FEcuation
6.22¢c, and nutrition relationships are given by g%%§ in

FEgquation 6.22d.l/

;/COHS is used here as a general form to 1indicate
the number of animals in a given sales group.
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TABLE II.3. Maximum and Minimum Propoertions of Cattle Sales.

Management Practice
Sales Greup and Parameterl/ Traditional Modern
01ld Cows:
AMX1 0.75 1.00
AMN1 0.50 0.90
BMX1 0.75 1.00
BMN1 0.50 . 0.90
Intertiie cows:
AMX 2 .25 1.00
ANMN? 0.15 0,80
BMX2 0.18 0.85
BMNZ 0.1% 0.80
Cows with mastitis:
AMX?3 1.00 1.00
CAMN3 0.70 0.80
BMX3 1.00 1.00
BMN3 0.70 0.80
Growing males:
AMXY G.23 .30
AMN4 0.11 0.11
BMX 4 0.14 0.20
ENMNY 0.11 0.11
Growing females:
AMX5 0.21 0.25
AMNK 0.13 0.13
BMX5 0.17 0.19
BMNS 0.13 0.13
Fertile cows:
AMX6 0.06 0.06
AMNG 0.02 0.02
BMX6 0.05 0.05
: BMN6& 0.02 0.02
Producing males:
AMXYT 0.20 0.20
AMNT 0.10 0.10
BMXT 0.15 0.15
BMNT 0.10 0.10

l-/AMXi, BMX, - and AMN., BMN, are model parameters

3
determining upper and lower %ounds to cattle sales (Equations
6.22¢c and 6.22d)--proportion/year.

Source: {fueasstimates and model tuning.
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TOPEQ{(t) = TDN(t)*NREQ (6.22a)

PAN(t) = TOPOP(t) - TOPEQ(%) (6.220)
where:
total animal population in equilibrium with

=

=

o

|

£
f

nutrient availability (animals)

TDN = tctal digestible nutrients (tons/year)
NREQ = fthe 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 TCPEQ (animals).

PAP{t)

PAPC

ELAS]
J 1} (6.22¢)

PRES1(t) = min{BMX1, max[BMNI, PRSII*[

PSFO(t) = min{AMX1, max[AMN1, PRES1(t) + c206*g%§§t% 1} (6.228)

SOLDF(t) = OLDF(t)#PSFO(t) (6.22e)
PAN(t) = PAN(t) - SOQLDF(t) _ (6.221)

Market Model

Coﬁponent AGPRAC computes the demand and supply of
beef which are part of the simple market nodel used in deter-
mining the price of cattle. First, the model determines the
number of animals marketed for consumption and/or export from
the Costa_herd (Eguation 6.24). Although some of these
animals are finished in other regions, it has been assumed
they are slaughtered and enter the retail market as they

leave the Costa farms. Nevertheless, this simplifying
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assumption does not greatly alter the total supply of beef

as computed in the meodel.

SUPCTA(t) = SLSCCT(t) + SLSMLT(t) + SOLDFT(t) + C212%(SLSCCM(t)
+ SLSMLM(t) + SOLDFM(t) + C213%x{TDTHST(t) +
TDTHSM(t)) + C21lU% (SLFERT(t) + C212%SLFERM(t))

+ C215%(SLSFGT(t) + C212#SLSFGM(t)) + C216%

(SLSMGT(t) + C212*SL3SMEM(%t)}) (6.24)
where:
SUPCTA = supply from the Costa herd
(animals/year)

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

SLSMLT, SLSMLM sale of mature males traditicnal
and modern, respectively (animals/

vear)

il

SOLDFT, SOLDFM = sale of old cows traditicnal and
modern, respectively (animals/
year)

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

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

SLSFGT, SLSFGM = sale of growlng females traditlonal
and modern, respectively (animals/
year)

SLSMGT, SLSMGM = sale of growing males traditional
and modern, respectively (animals/
year)
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celz2 = a parameter accounting feor heavier
animals from the modern sector
(dimensionless)

c213, ..., C216

= parameters determining the proportion
of sales which is consumed {(proportion).

Non-Costa cattle population, TOPOPK, and supply are
exogenously determined in Equations 6.25. Cattle population
is assumed to grow in a non-cyclical, exponential fashion
and its rate .of growth could take different values In order
to test the effect of government policies on the development
of the non-Costa cattle economy. Beefl supply is computed as
the off-take for exports and slaughter from this population,
where the extraction ratio reflects the oscillations of the
long-term cycle (see Chapter 3). This cycling effect is
approximated in Equation 6.25b by a TABLIE function which
completes a cycle every seven years with the extraction ratioc

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, O, 1, 7,

AMOD(t,7)) (€£.25b)
where:
TOPCOPK = total non-Costa cattle population (animals)
TOPOKO = non-Costa cattle population at the beginning
of simulation (animals)
EXP = the exponential function
c217 = rate of growth of non-Costa cattle popula-

tion (proportion/year)
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SUPB = total Colombian supply of beef {(animals/
year)
TABLIE(VAL9, ..., AMOD)

= & subprogram which introduces a cycling
factor on extraction ratios determined by
the length of the long=term cycle--seven
years
t = gimulated 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)) (6.263)
RDEM(t) = ELASI*#C237 + ELASP#(C238 —~ ELASD*

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

where:

DEM = domestic demand for beef (animals/year)

RDEM = the rate of growth of demand (proportion/
year)

PA- = market price of finished maleg--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 beefl

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

€238 = rate of increase in population (proportion/

year).
Total demand for Colombian beef, TDEM, is simply

cemputed 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 éonatant
throughout the simulation. Yet it would be realistic to treat
UNEXPL as a variable since 1t can be expected this border trade
will be responsive tc market conditions in Colombia as well
as in the neighboring countries (mainly Venezuela and Fcuador).
Offiéial or registered exports are computed from recorded
statistics between 1964 and 1971, and from projected targets
from 1972 forward (see Table I.1l, p. 19 for‘figures and

sources).

TDEM{%) DEM(t) + EXPL(t) + UNEXPL _ (6.26¢c)

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 traditicnal sector and that all animals
in the modern sector are treated accordlng to recommended
practices. Further, 1t is assumed that befcre the campaign
starts, animals are treated at a constant proportion, but
af'terwards (i.e., after 1971) this proportion gradually in-
creages until it reaches the wvalue 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 model by the
exponential functlon involving the variable TCAD(TCAD = t
-TDC) 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 tc six months o0ld, but for simplicity

the model assumes that heifers are treated at birth.

ATABTT (%) = BFT(t)#max[1l - CL98%*EXP(-C199#TACAD), C242] (6.27a)

where:

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

BET = total traditional female births--~Eguation
6.19b (animals/year)

cah2 = proportion of heifers treated without the
campalgn

€198 = proporticn of heifers left untreated
(C198 = 1 - c242)

$199 = model parameter regulating the shape of the

exponential curve.

The movement of the treated helfers is tracked through
the growing stage until they reach the producing stage, and
this allows the model to compute the proporticn of cows
treated, PCTAB, which is needed 1n determining the variable
CBANG used in Equation £.15. The equations éomputing PCTAR
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.

Fquations 6.27b through 6.27d show this computation for the

traditional sector.



PGFTB(t) =

ATABTT(E)*DT + PGITBT(E-DT)I% (PWET(L) -~ BFT(L-DT)*D7) (6.270)
PRGT(t) Tt

CTABT(t) = RFOUTl(t—DT)*PGFTBT(t—DT)*DT + PCTABT(t-DT)=
(PFPT(t) - RFOUT1(t-DT)*DT) (6.27¢)

PCTABT(t) = 9%%%%%%% (6.276)

where:

PGFTBT

"

proportion of growing females treated
against brucellosis in the traditional
sector

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

]

CTABT cows treated against brucellosis in the

traditional sector (animals)

RFQUT1 = rate females leave the growing stage--
Equation 6.10b (animals/year)

PCTABT

preportion of cows treated against brucellosis
in the traditional sector.

Although the campaign against FMD and brucellosis is
being carried out simultaneously, the data availzble [31] do
not allow a breakdown of expenditures hetween the ftwo programs.
This problem was slimplified in the model assuming that treat-
ment agalnst FMD was the only one depending on government
expenditures. But since farmers have been and continue to
treat a part of the herd on their own, the model computes
both animals treated privately and by campaign personnel.
Equation 6.28p implies that eventually all animals could be

treated by the campaign, in which case farmers who have been
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ftreating their herds privately will be charged for the
service. The current program involves charging services to
medium— and large-size farmers, and providing subsidized
services to small farmers [31].

Since treatment against FMD is applied two or three
times every year to all animals, the computaticn of the
proportion of animals treated, PATAFT, used 1n determining
the variable DRA in Eguation 6.16 is more straightforward

than the preceding for brucellosis.

- i | CXPAFT(t) m
ATAFT(t) = mln[_aagfﬁf——, TOPOPT(t) (6.28a)
where:
ATAFT = government treated animals against FMD 1n
the traditional sector (animals)
EXPAFT = government expenditures against FMD--a
policy variable (Ps/year)
COSTHFT = government cost of treatment against FMD
(Ps/animal-year)
TOPOPT = total traditional cattle population in the
Costa (animals).
ATAFPT(t) = (TOPQPT(t) - ATAFT(t))*max[l - C200%EXP
(~C201%TACAD), C2u4i4)] (6.,28b)
‘ _ ATAFTT(t)
PATAFT(t) = m5p5PT(s (6.28¢c)
where:
ATAFPT = privately treated animals against FMD in the

traditional sector (animals)

it

total privately and govermment treated animals

ATAFTT
against FMD in the traditional sector (animals)
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PATAFT = proportion of animals treated against FMD
: in the traditlonal sector
cahh = proportion of animals treated privately
without the campaign
c200 = proportion of animals left untrested
(C200 = 1 - c24i)
c201 = model parameter regulating the shape of

the exponential curve.
Equation 6.28b above also implies a promotion and/or diffusion
effect among farmers due to the campaign. As time of campaign
passes, the proportion of animals treated privately increases

approaching one.

Agricultural Accountling

Finally, component AGPRAC performs the macroeconomic
accounting for the agricultural production. This section
also simulates farmers™ varying expectations about the account-
ing variables during the planning horizon. These expectations
are introduced in component LAMDAC for the computation cf
discounted profitabilities. First, revenues and costs of
crops production are generated., Costs are a composite of the
major crcps grown in each of the agricultural regions and are
computed using the same crop allocating weights of component
LAMDAC. It is als¢ assumed that costs increase over time at
the infiation rate for farm inputs. Table II1.2 on page 128,
shows the computed average cost of each commodity, where
costeg 1in the lowlands are slightly higher to account for
increased harvesting costs because of higher yields. Equa-
tions 6.29 show these computations for cash crops in the

uplands,



ARCRU(¢t)

where:

ACCRU(t)

where:

cattle.
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= TLORU(t)*YILDCU{(t)*PCROPU(%) (6.292a)

ARCRU

TLCRU

YLDCU

PCROPU

fl

accounting revenue from cash crops in the
uplands (Ps/year)

total land in cash crops in the uplands--
Equation 5.24 (hectares)

the projected yield of cash crops in the
uplands~-Fquation 6.2a (tons/ha-year)

the projected producer price of cash crops
from the uplands--Equation 7.4a (Ps/ton).

= TLCRU(%)#CSTHCU(t-DT)*(1 + DT#RCST) (6.29b)

ACCRU
CSTHCU

RCST

accounting cost of cash ¢rops in the
uplands (Ps/year)

the average cost of cash c¢rops in the
uplands (Ps/ha-year)

the rate of increase in farm costs
(proportion/year).

Next, the model generates costs and revenues from

Operating costs have been computed separately for

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

land in the traditional and in the modern sectors are com-

puted by Equations 6.30 below. Equation 6.30a is flexible

to account for the seasonally flooded lands in TTGLE where

it 1s likely that expenditures con range mahagement are kept

to a minimum.

OPCLNT(t) = TTGLR(t)*CLNDT(t)*C267 (6.30a)
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where:

OPCLNT = total cperating costs of traditional grass-
lands (Ps/year)

TTGLR = total traditional grazing land in the Costa
~--Equation 5.51 (hectares)

CLNDT = average operating cost of tradltional grass-

| lands (Ps/ha-year)
Cc267 = g mocdel parameter controlling total Iand

where costs are incurred (proporticr).
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.
QPCLNM(t)Y = TLMOD(t)®CLNDM(t)#(1 - CPL¥E(t)) + TLF(t-DT)#*
CSRFGH{t) + TLF(t)#CSHARV(t)*#C253%C254 {(6.30b)

where:

OPCLNM

]

operating cost of modern grasslands (Ps/year)

TLMOD = total land in modern grazing--Equation 5.49
(hectares)

CLNDM = the average operating cost of modern grass-

' lands (Ps/ha-year)

CPLF = proportion of modern land in forage crops—-
Fquation 6.9f

TLE = total land in forage crops--Equation 6.Gg
(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 yield of forages

per cutting (ts/ha-cutting)
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ca254 = a parameter determining the number of
cuttings per year.

Operating costs per animal include labor, drugs,
supplementsal feed if any, and other miscellaneous costs,
The computation of total animal costs for the traditicnal
and modern sector use the same structure shown in Eguation

6.31 for the traditional herd.

OPCLAT(t) = TOPOPT(t)*CSTANT (%) ' (6,31)
where:
OPCLAT = operating costs of traditional cattle
(Ps/year)
TOPOPT = total cattle population in the tradi-
tional sector {animals)
C3TANT = average coperating cost of traditional

animals (Ps/animal-year).

Another component of operating costs Is depreciation
of grazing land capital and equipment, as well as taxes on
land. Because of lack of data on initial capital stock, the
model simplifies the computation of replacement investments
in cattle production by a lump annual sum per unit of land
in preduction. Total value of depreciation i1s determined
exogenously in Equation €.32 for the traditional and modern
sectors. The wvalue of EQLM varics with the alternative
chosené/ and the corresponding value (EQLT) for the tradi-
ticnal sector 1ls adjusted by a model parameter to account

for the flooded grasslands (see discussion for Equation 6.30a

E-/EQLM = 110; 120; 150; 170 Ps/ha-year for alter-

natives 1, 2, 3 and 4, respectively.
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above). The value of the property tax is based on the

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

computed in Equation 6.33 for the traditional sector.

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

CAPDEM = modern sector replacement investment in

grasslands and equipment (Ps/year)

EQLM = capital costs for modern cattle produc-

tion (Ps/ha-year)
TLMOD = as defined in Equation 6.30b (hectares).
VLDTXT(t) = 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--Equaticn
9.15 {Pesos)

TAXLND = the land tax rate (proportion/year)

cakg = a model parameter adjusting the capitalized

value of land to the cadastral (assessed)
value (proportion).

Finally, the speclal taxes on catftle discussed in
Chapter 2 are computed in Eguations 6.34. The general inven-
tory tax (TAXC3) based on the net investment on cattle has
been the most difficult to estimate hecause 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



168
1/

Ministry of Agriculture sources.= The assessed liveweight
tax rate (PKGR) used in computing the selective ihventory

tax (TAXCl) was recorded from values set by the government
between 1967 and 19703/ and then extrapolated by means of a
TABEXE function [52]. These computations for the traditional

sector are shown below:
TAXCT1(t) = (PMGT(t)*C222 + PMPT(t))*CE23*PKGR (6.348)

where:

TAXCTY1 = the traditional cattle selective inventory
tax (Ps/year)

PMGT, PMPT
= traditional growing and producing male
population, respectlvely--Equation 6.11

(animals)

PXGR = the assessed livewelght tax rate (Ps/
kilogram-year) ‘

ceo22 = 3 model.parameter determining the proportion
of growing males cver one year of age
(proportion)

£223 = the animal-liveweight conversion factor

(kilograms/animal).
TAXCT2{(t) = FEMSCT(t)#C277#SFTAX + SLSMLT(t)*C278%SMTAX (6.34b)
where:

TAXCTZ2 = the traditional cattle export and consump-
tion tax (Ps/year)

;/Ministerio de Acgricultura, "Estudio Sobre la Renta
Presuntiva." Bogota, 1971, pp. 1-111. {(Mimeographed.)

E/The Ministry of Agriculture sets the liveweight

price at the end of each fiscal year. The values used in the
model were obtained by personal information.
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FEMSCT = total traditional females sold for con-
sumption (animals/year)

SLSMLT = total traditional adult males sold for consump-
tion {animals/year)

SFTAX = the female consumption tax rate (Ps/animal)

SMTAX = the male consumption tax rate (Ps/animal)

277 = 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 impliegs that the tax on animals sold for export is
paid by the producer. The coefficients C277 and €278 intro-
duce flexibility into the model to determine those animals
which are so0ld to be finished in other regions and whose tax
is not paid-by the Costa producers. The variable FEMSCT
includes cows with reproductive problems, ©0l1d cows, fertile
cows and helfers; and SLSMLT includes finished steers and.

males sold out of the producing cchort.

TAXCT3{(t) = TOPOPT{(t)*C279 (€.34c)
where:
TAXCT3 = the traditiocnal general inventory tax
(Ps/year)
TOPOPT = total traditicnal cattle population
(animals) _
C279 = the estimated general inventcry 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 ocutlays
made by farmers. Equation 6.35 1s a composite of costs of
improving native and artificial pastures, planting artificial
pastures and forages, and building storage for forages. It
is clear that not all these costs apply to every alternative;
a subpregram in the model assigne the relevant costs to each
alternative, and in addition, computes costs per unit of land
weighted by fthe proportion of land Iin artificial pastures

and forages.
TEC(t) = CSIMNP(t) + CSIMAP(t) + CSPLAP(t) + CSPLFG{t)

+ CSTGH(t) (6.35)
where:

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

CSIMNF = average._cost of improving native pastures
(Ps/ha)l/

CSIMAP = average cost of lmproving artlficial
pastures (Ps/ha)l

CSPLAP = average cost of substitutin§ artifiecial
for native pastures (Ps/ha)l/

CSPLFG = average_cost of establishing forage crops
(Ps/ha)L/

C3TGH = average_cost of bullding forage storage
(Ps/ha)l/

1/

= For a detailed computaticn of these variables see
subroutine MODCRD in the Appendix.
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Equation 6.35 above is the general approach of account-

ing for establishment expenditures at thelr opperfunity cost.

Yet some of the inputs required can be supplied on the farm
at no extra cash expense, decreasing the need for the use of
credit and/or savings. Examples of these inputs are family
labor, materials for fericing and building, exlisting tools and
equipment, etc. The function ALPHY computed in Equation 6.36
is an attempt to simulate the response of farmers' otenzvior
to changing profitabilities. This behavior includes changilng
attitudes toward work and leisure, a more efficlent use of
the inputs at hand (including management), and incentive to
utilize more fully the farm natural resouréeé. As shown in
Figure II.7 ALPHl depends on a profitabllity threshold (C235)
below which there i1s no incentive for farmers to use their
regsources intensively. As profitability increases, farmers
explolt 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 rapidiy the attitudes change with changes in the pro-
fitability criterion. It is clear thét a2 wide range of
farmers' behavior can be simulated by appropriately assigning

values to these fhree parameters.
ALPH1{t) = C234 + min[1 - €234, (1 - C23U)*EXP(-C236%

(PDR{t~DT) - C235))] (6.36)
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where:

ALPH1

PDR

c234

C235

£236

min(a,b]

EXP

i

It

The on-farm resocurce use response function.

a variable which introduces the effect of
the profitability criterion PDR upon total
cutlays for establlishing an alternative
(proportion)

the relative profitability differential of
Equation 5.30 (dimensionless)

2 model parameter determining the minimum
proportion of establishment costs met with
outside resources {(proportion)

the on-farm resources intensity of use
response thresheld (dimensicnless)

the rate of on-farm resource use response
with respect to profitability (dimension-
less)

the minimum value between a and b

the exponentlal function.
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Finally, the total cash requirements Jor establishing
an alternative, TCEC, are simply computed as:

TCEC(t) = TEC(t)*ALPHI{t) (6.37)

Given the components that enter in the Cformation of
cattle prodﬁction costs, 1t is pessible 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 ferms of

Equation 6.38 below.
ACLAM(t) = OPCLAM(t) + OPCLNM(t) + CAPDEM(t) + VLDTXM(t) +

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

TRSL(%)

ALPEL(t)#CSTGH(t) ) #ymgpr— + RPCAPT(t) (6.38)
where:

ACLAM = total accounting costs of modern sector
(Ps/year)

OPCLAM = operating costs of modern cattle--Equation
6.31 (Ps/year)

OPCLNM = as defined in Equation 6.30b (Ps/year)

CAPDEM = as defined in Equation €.32 (Ps/year)

VLDTYXM = wvalue of taxes on land in modern cattle
production--Equation 6.33 (Ps/year)

TAXCM = total specialqtaxes ch modern cattle
(TAXCM(L) = ii TAXCMi(t))——Equaﬁions £.34
(Ps/year) -

ALINT = interest payments on development credit--

Equation 9.8b (Ps/year)
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ALREP = repayment of development credits--Equation
9.5 (Ps/year)

C3TGH = cost of building forage storage (Ps/ha)

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

ALPHY = ag defined in Equaticn 6.36 (proportion)

TRSL = total land in transition from traditional
to modern practices--Equation 5.46 (hectares)

3*XDEL = time required to complete a land improvement
program--Equations 5.43 (years)

RPCAPT = the rate farmers' cost is increased by

execution of additional storage capacity
(Ps/year).

Accounting revenues from cattle are computed from
sales of milk and animals and increased by any direct subsidy
paid to farmers. In the medern sector, revenues are also
increased by the payment of development loans, but due to the
difficulty in allccating commercial loans between the two
sectors, these are computed 1n a more aggregated accounting
in Chapfter 9. Since the market model only generates the price
of finished males, the pricing of other animals sold 1s com-
puted as a prepertion of the price of finished males. This
computation is done with a set of coefflclients estimated from
time series recorded by the Central Bank and published by
Garcia Samper [23]. Equations 6.39 show the computation of

revenues from the modern sector.
SLSPM(t) = (SLSCCM(t).+ SOLDFM(t ) )%C224 + SLSMPM(t)*C225
+ SLSMFM(t) + SLFERM(t)*C226 + SLSFGM(t)}xC227

+ SLeMeM(t)#C228 : (6.39a)



YAM(t) = PAP(L)#SLSPM(t) (6.390)

where:

ARLAM(t)

where:

SLSPM

il

sales from the modern sector weighted by
price relationships (i.e., finished males
equivalents) (animals/year)

SLSCCM, SOLDFM, SLFERM
= ag defined in Equation 6.24 (animals/year)
SLSMPM, SLSMFM
= as defined in Equation 6.24 (animals/year)
SLSFGM, SLSMCM
= as defined in Equation 6.24 (animals/year)
YAM = income from sales of modern animals (Ps/year)
PAP = producer price of finished malies--Eguation
7.3 (Ps/animal)}
c224, ..., Cc228
= model parameters determining price relation-
ships between finished males and other sale
groups {proportion)
= YAM{(t) + YMM(t) + ALOAN(t) + AGSUM(t) (6.39¢)
ARLAM = accounting revenues from modern cattle
(Ps/year)
YMM = Income from milk in the modern sector
(Ps/year)
ALCAN = credits paid for farm development--Equation
9.4a (Ps/year)
AGSUM = subsidies paid to the modern sector (Ps/year).

Accounting costs and revenues provide estimates at

a given point in time. Yet when farmers are considering the

adoption of a new method they require an estimate of the

future stream of revenues and costs throughout a relevant
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planning horizon. These projections into the future and
within a planning horizon are simulated in the model by
assigning a weight to each year and for each acccocunting
variable invoived 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 welghts
vary accordingly (see Table II.4). Expected revenues and

costs are computed in Fquations 6.40 below:

CSTANTL(t)#CAINCR, -
ECOPCLM(t) = GET (6.40a)
EOCLNMi(t) = CLNDTL(t)*CLINCRi (6.400)
EVLDTXi(t) = VL’I‘XTL(t)*VL‘I‘XTPi (6.40c)
ETXC,{t) = TAXCTL(t)*TXCPi : (6.40a)
ECADEM, (t) = EQLT#C268%CAPDTP, (6.40e)
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)
ETXC = expected specilal taxes on modern cattle
(Ps/ha-year)
ECADEM = expected capital depreciation in the
modern gsector (Ps/ha-year)
CSTANTL = the exponential average of traditional

animals cost (Ps/animal-year)



TABLE IXI.fL,

Perceived Changes 1in Cattle QOutput and Costs During

the Planning Horizon.

Planning Horizon (years)
Parameter
Definition (Eqn. No.) 1 2 3 4 5 6 7 8 9 10 § 11 | 1z
SINCR(5.35¢) determines
change in sales
Alternative: 1 1 1 1.15(1.4581.6511.9 1.9 |2 2 2 2 z
2 1 i 1.1511.7 j2 2.25(2.45]2.6 |2.6 |{2.6 [2.6 (2.8
3 1 1 1.5 (2.7 (3.2 [3.9 (4 h 4 ] b bL
4 1 1 1.5 (2.7 (3.2 |[3.9 |4 h Yy 4 4 L
TMINCR(5.35¢c) determines
change in milk output
Alternative: 1 1.1 1.2 }1.25)1.25}1.35(1.35]1.35]1.4 1.4 [1.4 (1.4 §1.&
2 1.2 |1.22]1.2901.36|1.43|1.4601.5311.5771.57(1.57(1.57!1.57
3 1.3 131.37]1.57]1.8 |2 2.2 |2.22|2.22|2.22(|2.22|2.2212.22
il 1.32(1.3941.6 |1.82|2.,2 (2.4 |2.4 lo.4 f2,4 j2.4 (2.4 2.z
BINCR(5.35¢c) determines
change 1in inventory
- Alternative: 1 0 0.0510.15]|0 0.15|0 o 0.1 |0 0 | C o
2 0 0.08({0.22(0.15{0.15{0.2 [0.05{0.05i0 0 X kO
3 0 0.35(¢.4510.5 0.4 [0.2 (0.2 |0 0 0 ¢ £
' 4 Q 0.35[0.45{0.5 0.4 0.2 |0.2 l¢C 0 0
CAINCR(6.L40a) determines %
change 1n animal costs ‘ f
Alternative: 1 1.17(2.27(1. 421, 42]1.57[1.5711.5711.67]1.67]11.67 1.5731 £7
2 1.1711.3211.487)1.4711.6211.62|1.62]1.77|1.7711.77 1.77:1.77
3 1.2 {1.67](1.97]2.4712.87(3.07(3.27(3.2713.27(3.27:2.27.3.27
i 1.2 |1.67]|1.97]|2.4712.87|3.07 3'27j3°27 3.27(3.27|3.2713.27




TABLE ITI.4., (continued)

Planning Horizon {(years)
Farameter
Definition (Egn. No.) 1 P2 3 I 5 6 7 8 9 10 11 12
TLINCR(A.L0Ob) determines
change in land costs
Alternative: 1 1 1 1.25¢11.2503.8 f1.4 1.4 ji.5 (1.5 §1.5 |1.5 |1.5
2 1 1 1.2511.25401.4 1.4 f1.4 1.5 (1.5 (1.5 1.5 |1.5
3 1 1.3 [1.6 [1.8 {2 2.5 [2.5 2.5 (2.5 [2.5 [2.5 [2.5
4 1 1.2 (1.4 |1.6 ]1.8 (2.2 |2.2 {2.2 |2.2 (2.2 |2.2 |2.°?
TLTXTP(6.40¢c) determines -
change in value of land tax -
Alternative: 1 1 1 1 1.2 ]1.2 [2.2 |1.3 {1.3 ]1.3 [1.3 ]1.3 [|1.3
2 1 1 1 1.2511.2511.2511.35711.35(1.3511.35]1,35(1.35
3 1 1 1 1.3 1.3 (1.3 (2.4 b1.84 13,08 1.4 112.48 (1.4
L 1 1 1 1.3211.3211.32(2.. 42114201221, 42(1.42]1.42
TXCP{6.L04) determines change
in value of cattle taxes :
Alternative: 1 1.1 (1.16|1.19(|1.21¢1.26(21.27(1.28(1.3 1.3 11.3 |1.3 [1.3
2 1.1 [1.25(1.3 [1.3311.35{1.36{1.37]1.4 |1.4 [2.8 (1.4 (1.4
3 1.1 }1.35]1.6 |2 2.4 |2.55|2.6 |2.6 |2.6 l2.6 |2.6 |2.6
L 1.1 {1.35(1.6 {2 2.4 12.55]2.6 12.6 (2.6 12.6h |2.6 [2.6
CAPDTP(6.40e) determines
change in capital deprecia-
tion
Alternative: 1 1 1.5 [2 2.5 12,5 12,5 2.5 {2.5 2.5 (2.5 2.5 |2.5
2 1 1.6 (2.5 |2.8 |3 3 3 3 3 3 3 13
3 1.1 |2 2.8 |3 3.8 1304 3.4 (3.4 [3.4 (3.4 |13.4 (3.4
4 1.1 j1.9 J2.7 2.9 13.3 3.3 ]3.3 3.3 (3.3 {3.3 3.3 |3.3

Source: [42] and initial guesstimates and model tuning.
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GRE = equilibrium grazing rate (has/animal)

CLNDTL the exponential average of traditional

grasslands cost {(Ps/ha-year)

VLTXETIL = the exponential average of traditicnal
land tax (Ps/ha-year)

TAXCTL = the exponential average of special ftaxes

_ on traditional cattle (Ps/ha~year)

EQLT#C268 = capital costs for traditional cattle
production~--Equation €.32 (Ps/ha-year)

CAINCR = the expected increase in animal czosts
(dimensionless)

CLINCR = the expected lncrease in range management
costs (dimensionless)

VLTXTP = the expected increase in land tax
(dimensionliess)

CAPDTP = the expected inereasgse in capital costs
(dimensionless)

i _ = indexes the planning horizon--i=1, ..., 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.

_ TCEC(t) (6.40)

ETCEC(t) = T¥XDEL

where:

]

ETCEC sxpected cash establishment costs of a

modern alternative {Ps/ha-year)

TCEC as defined in Equation €.37 (Ps/ha)

i

it

3%#XDEL time required to complete a modern alter-

native-~Equations 5.43 (years).
The expected debt service, EDBSER, is generated by

a medel subprogram that first computes interests pald on the



180

entire credit received for development during fthe period

of establishment and the grace period. FNext the subprogram
computes repayments in equal allotments during the repayment
periecd, and charges interest on the unpaid balances.
Finally, the expected credits paid are computed in a way
similar to ETCEC atove. The time during which credits are
raid (LT1) may not necessarily be equal to the time reguired
to establish the alternative (3%¥DEL). A model subprogram

allccates these values among the relevant years in the planning

herizon.
ELOAN(t) = CEC(E)#*(1 - RPTN) (6.40g)
LT1
where:
ELOAN = expected credits paid for farm development
(Ps/ha-year)
RPTN = farmers' participation of total establish-
ment costs-~a polley variable (0 < RPTN < 1)
(proportion)
LT1 = time development loans are palid--a policy

variable (years).
Table IT1.5 at the end of this chapter shows the values

of a selected number of variables used in compenent AGPRAC.
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TABLE II.5. Selected Coefficlents and Initial Values in the
Agricultural Production Component (AGPRAC).

Definition
{(Equation No.) Value
DYLDCU Determines target yleld of cash 1.65
(6.2a) crops 1in the uplands (tons/ha-

vear)
DYLDCL Determines target yield of cash 2.9
(6.2b) crops in the lowlands (tons/

ha-year)
DYLDFC Determines target yield of food 10
(6.2¢) erops (tons/ha-year)
GRE Determines the eguilibrium graz-~ JTH.
{(6.4b) ing rate (has/animal)
CPLPT Determines proportion of A5
(6.5) artificial grasses
TDNSG Determines the average TDN from L2343
{6.9¢c) sorghum silage {tons TDN/ton

silage)
TDND Determines target yield of TDN 7.4
(6.91) of grazing lands (tons/ha-year)
NREQT Determines appropriate tradi- .55
(6.22a) tional animal nutritional re-

quirements (animal-year/ton TDN)
ELASI Determines income elasticity of .6
(6.26b) demand for beef
UNEXPL Determines illegal cattle expeorts|300,000
(6.26¢) {(animals/year)
COSTRFT Determines cost of treatment b, 5
(6.28a) against foot-and-mouth disease

(Ps/animal~-year)
TAXLAND Determines the land tax rate .ooh2
(6.33) {proportion/year)
SFTAX Determines the female consumption 100
(6.34L) tax rate (Ps/animal)
SMTAX Determines the male consumption 50
(6.34b) tax rate (Ps/animal)
CT202 Determines number of %traditional i
(6.21b) lactating cows milked (proporticn
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TABLE II.5. ({continued)
Definition
(Equaticn No.) Value
ce1T Determines rate of growth of non- L0285
(6.25a) Costa cattle population

(proportion/year)
ce23 Determines the livewelght tax b, o
(6.342) rate (kilograms/animal-year)
c224 Determines price relationship .68
(6.39a) between finished males and cull

COWS (proportion)
c225 Determines price relationship .92
(6.39a) between finished and producing

males (proportion)
C226 Determines price relationship .88
(6.39a) between finished males and

breeding cows (proportion)
ca27 Determines price relaticonship a2
{(6.39a) petween finished males and

growing females (proportion)
c228 Determines price relationship .535
(6.39a) hetween finished and growing

males (proporticn)
Cc237 Determines the rate of increase . L
(6.26b) in income (proportion/year)
0238 Determines the rate of increase .032
(6,26b) in population (proportion/year)
c242 Determines proportion of heifers .05
(6.27a) treated against brucellosis

without campaign {proportion)
co44 Determines proportion of animals .3
(6.28p) treated against foot-and-mouth

without campaign (proportion)
cz2h8 Determines the assessed value of .5
(6.33) land {proportion)
c250 Determines the relationship 1.2
(6.9c) between green forage and silage

(tons forage/ton silage)
C253 Determines yileld of green 4o

(6.9¢)

forapes {tons/ha-cutting)




TABLE II.5. (continued)
Definition
(Equation No.) Value
c254 Determines the number of forage 3
(6.9¢) “cuttings (cuttings/year)
C279 Determines the cattle general 3.1
{6.34e) inventory tax rate (Ps/animal-

year) .
C3THCU(0) Initlal cost of cash erops in 560
(6.29n) the uplands (Ps/ha-year)
CSTHCL(0) Initial cost of cash crops in 1,097
{6.29b) the lowlands (Ps/ha=year)
CSTHFC(0) Initial cost of food crops 723
(6.29b) (Ps/ha~year)
CLNDT(0) Initial operating cost of 35.8
(6.30a) traditional grazing lands

(Ps/ha~year)
CLNDM(0C) Initial operating cost of modern 100
(6.308) grazing lands (Ps/ha-year)
CSRFGH(0Q) Initial cost of replanting and 570
(6.30b) growing forages (Ps/ha-year)
CSHARV(0) Initial cost of harvesting and 6.25
(6.30b) storing forages (Ps/ton)
CSTANT(0) Initial operating cost of 24,14
(6.31) traditional animals (Ps/animal-

year)
CSTANM(O) Initial operating cost of modern 56
(6.31) animals (Ps/animal-year)
CSINPHE(0) Initial cost of improving native 576
(6.35) grasses (Ps/ha)
CSIAPH(O) Initlal cost of improving 576
(6.35) artificilal grasses (Ps/ha)
CSPAPH(O0) Initial cost of planting 660
(6.35) artificial grasses (Ps/hsa)
CSPFGH(Q) Initial cost of establishing 560
(6.35) forage crops (Ps/ha)
CBSTG(0) Initial cost gQf buillding forage g.5
(6.35) storage (Ps/mg)
Source: [19, 20, 23, 31, 32, 33, 42, 57, 58, 61, 66, 69, 71]

and initial guesstimates and model tuning,



CHAPTER 7
PRICE GENERATION (PG)

Component PG generates world prices for beef and
market and producer prices of cattle, cash crops and focd
crops. In addition, five-year exponential averages of the
producef prices are computed for use by component LAMDAC
in thé profitability calculationg for the land aliocation

decisions.

Export and Market Price of Cattle

Colombian beef exports have been mainly live cattle,
but the government has announced plans to export only dressed
animals after 1974. The model assumes this change in export
policy will be effectively implemented, and that the relevant
world price is for frozen carcass beef. For the period 1964
to 1974, prices are for a composite of llve animals and
frozen carcass beef. Although it has been assumed that
exports will continue in the form of frozen carcass beef,
it is clear that the export price will be modified if chilled,
refrigerated or processed beef 1z exported. All export
prices are given as live animal prices; carcass beef Is c¢con-
verted to live animals by use of the factor 4.3 which is the
number of animals to produce a metriec ton of éarcass. World
prices for cattle (U. S. $/animal) are exogenously generated
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by Eguation 7.1 below. Since cattle exports were negligible
until 1964, no world prices are generated for the yeérs
prior to 1964, For the period 1964 to 1970, prices are a
composite of live animals and carcass beef as reported by
Sarmiento [63]. From 1971 toc 1974 these composite prices
ére projections based on Institutc de Comercio Exterior
(INCOMEX) estimates [35]. TFinally, after 1974 world prices
are projected assuming various trends that will be discussed

in Chapter 12.

0 0 <t < U

117, 115.5, 127, 147, 164, 163.5, 174 b <t < 10

WPB(t) = {WPB19T70¥ (1+WPBR*¥(t-10) 10 < t < 14
WPBC§t) £ > 14
(7.1a)
WPBC(t) = WPBC1970%{(1+WPBCR#(t-10)) (7.1b)
where:
WPB = world (FOB) price of beef (US$/animal)

WPBC

world (FOB) price of frogzen carcass beef
(US$/metric fton)

WPB1970, WFBCL1970
= recorded world price in 1970

WPBR = rate of change of world price after 1670
as a proportion of 1970 price. This is =
composite of live animals and frozen
carcass beef (proportion/year)

WPBCR = rate of change of world price of frozen

carcass beef after 1970 as a proportion
of 1970 price (proportion/year)

t = simulated time (t=0 is 1960)--years.
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The market price of cattle is computed in Fquation
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 e:
- __/Mi/
© " ap/p

where AqQ = 9t =~ Y¢_pp and Ap = Pe = Py _pm and the

ratios are taken relative to the initial price and quantity

1/

demanded, Pr_pr and Qe _pr*

PA(t) = PA(t-DT) + DT#C219#PA(t-DT)#

(TDEM(t-DT) - SUPB(£-DT)) (7.2)
ELASD#TDEM(t~DT) '
where:

PA = market price of finished males (Ps/animal)

SUPB = total Colomblan supply of beef--~Equation £.25b
(animals/year)

TDEM = total demand for Colomblan 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).
Egquation 7.2 assumes that the target change in
quantity, 4q, will be the excess demand in the previous
period and that the equilibrium price wlll not necessarily

be reached in one perilod, i.e., if DT#C219 < 1. The

i/For a detailed derivation see Abkin [1, Chapter 5].
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domestic price of other types of cattle are cowmputed as 2

constant proportion cof the price of finlshed males. This

computation will be mere fully discussed in Chapter 9.

Producer Prices and Price Averages

Next, prodﬁcer prices are computed for cattle and
crops. Producer pfices of crops are exogenously determined
and are a composite of the major crops grown in each of the
agricultural regicns. 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
[41] and weighted by total yields in each agricultural regilomn.
Weights are derived from hecftfares in production reported
by DANE [15] and average ylelds reported by the Instituto

1/

de Mercadeo Agropecuaric (IDEMA) as shown in Table IT.E.

Further, it is assumed that 50 percent of the harvested
yield of segame and sorghum, 35 percent of that of cotton,

and 70 percent of that of corn come from the uplands.gf

é/IDEMA. Informe Sobre la Superficie Sembrads,

Producecion Total y Rendimientos de los Productos Basicos.
Bogota. Mayo 1971. Unpublished Report.

2/

~ Weights used for 1960 are, for cash crops in the
lowlands: sesame--.012; cotton--.13; corn--.24; sorghum--
.015; and rice-~.6. TFor cash crops in the uplands: sesame--
.018; cotton--.11; corn--.85; and sorghum--,023. TFor food
crop: plantain--.U8; and cassava--.52,
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TABLE II.6. Land in Crops, Average Yilelds 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 7l
Socrghum 2,052 2.46 369
Rice 74,588 1.98 883
Plantain 48,578 8.38 - 224
Cassava 53,243 8,28 303

Souree: As indicated above, Price of sorghum was obtalned
by pergsonal 1nformation.

The producer price of cattle is computed in Equation

7.3 below:
PAP(t) = PA(t)x(1-MEKM) (7.3}
where:
PAP = producer price of finished males (Ps/animal)
MEM = the marketing margin for cattle--proportion

(0 < MKM < 1) (see Table III.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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simulatlion ls an accounting simplification that flinds
Justification in the secondary concern of the model on

the crop subsector. Eguations 7.4 compute these prices as:

PCROPU(t )% (1+DT#RCST) (7.4a)

PCROPU(£+DT) =
PCROPL(t+DT) = PCROPL{t)#%(1+DT%RCST) (7.4b)
PRCROP(t+DT) = PFCROP(t )% (1+DT*RCST) (7.4¢)
where:

PCROPU = the projected producer price of cash

crops from uplands (Ps/ton)

PCROPL = the projected producer price of cash crops
from lowiands {Ps/ton)

PECROP = the projected'producer price of food crops
: (Ps/ton)

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

RCST
Exponential price averages are computed in Ecuations
7.5 for use in determining land allocatlon decislons

Equations 5.35a and 5.35e).

EPAP(t) = EPAP(£-DT) + ==—%(PAP(t-DT) - EPAP{t-DT)) (7.5a)

DELS
EPCRPU(t) = EPCRPU(t-DT) + Dg* (PCROPU{(t-DT)
- EPCRPU(£-DT)) (7.50)
where:
EPAP = exponential average of finished males
producer price (Ps/animal)
EPCRPU = exponential average of upland cash crops

producer price (Ps/ton)
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DEL5, DEL7
= averaging lags (years).

The values of a selected number cof variables used

in generating prices are shown in Table II.7.
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TABLE II.7. Selected Coeffilcients and Initial Values in the
Price Generation Component (PG).

Definition

(Equation No.) Value
WPBR - Determines change in live-carcass .llé/
(7.1a) world price of beef (proportion

of 1970 price/year)
WPBCR Determines change in frozen .38&9/
{(7.1b) carcass world price of beef

(proportion of 1970 price/year)
ELASD Price elasticity of demand for LT
(7.2) beef {(dimensionless)
RCST Determines change in cost of .12
(7.4 farm inputs {(proportion/yesar)
SUPB(0) Initial total Cc¢lombian beefl 1,889,100
(7.2) supply (animals/year)
TDEM(0) Initial total demand for 1,889,100
{7.2) Colombian beef (animals/year)
PCROPU(0Q) Initial composite price of cash 630
(7.4a) erops in uplands (Ps/m.ton)
PCROPL(0Q) Initial composite price of cash 892
(7.4b) crops in lowlands (Ps/m.ton)
PFCROF(0) Tnitial composite price of food 265
(7.4e) crops (Ps/m.ton)
PACO) Tnitial price of finished males 1,067
(7.2) (Ps/animal)
WPBC1970 World price for Colombian 588
{(7.1b) carcass beef in 1970 (dollars/

m.ton)

2/ Based on price increase between 1964 and 1968 and

assuming a gradual increasing weight of carcass beefl

on exports

from 1970 to 1974,

b/ Based on 1970 price reported by Sarmiento [63]1, and

on 1972 price (U3%1040/m.ton) reported by E1l Espectador,

Bogota, April 8, 1673.

Sources: [15,

16, 23, 41, 63, 67]



CHAPTER 8
POLICIES FOR THE CATTLE INDUSTRY

In a pclicy-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 specifled explicitly and the con-
sequences are simulated as a result of the system structure
of the model., When experimenting with differént values of
system parameters and/or technelogical coefficients, the
policy maker acquires a better Judgment about those parameters
to which the model is insensitive and about those which sig-
nificantly affect the system performance and therefore would
play a role in future policy and planning decisions. In
addition,.technological research may be suggested by policy
runs speculating on the likely conseguences of the introduc-
tion of an innovation whilich may not actually be developed at
the moment. |

Simulation runs testing parameter sensitivity and
conducting direct peclicy experiments are discussed in

Chapters 11 and 12,
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Pollecies
Threé basic policy strategy alternatives are structured
.in the simulation model. Others could be added, but the
three included seemed to be quite relevant for Colombian
pollcy makers at the time the model was defined., Policies
may be set and experimented with in any one or a combination
of the following: production campaigns, tax policies and

export policies.

Production Campaigns

Production campaigns make up the first class of policies
which may be investigated. Promotion efforts aimed at moderniz-
ing cattle production can generaté substantial returns to both
The public and private sectors. Such modernization may entail
the introduction of better animal husbandry and/or the encourage-
ment of improved pasture management practlces and increased
fodder production. The increase in oufput can then result
in higher incomes for the farmers, increased availability of
basic focd 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
exXpected to grow.also as a result of increased demands from
the agricultural sector.

Associated with this modernization effort is a policy
cf providing credit for farm improvements at special lending
terms. These terms include the interest rate, the grace

pericd, the repayment schedule, the farmers' participation
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discussed in component CRTACC, Eouvation 9.4, are generated
exogenously using a promotion and credit allocation routine,
The maximum yearly size (VMAX) and time spans (TO0, T1l, T2,
TF) of these services may be specified by the experimenter,
and the model generafes the time profile shown 1n Figure II.8.;/
Other policies related to production campalgns are
the contrel of foot-and-mouth disease and brucellosis, and
the improvement of crop preoduction. Currently, the model
takes the disease control campaign as aimed toward the
traditional sector since it is assumed that animals 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 (€199 and C200) which can be set as a policy.
Government expendilitures 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 [53].



VMAY | — — — -

> Time

FJ_________._q.
R fm = = — — -

(]
—
o]
=
2=
s}

FIGURE II.8. Promotion and development credit profile.

then the function projects them at a constant annual rate.
The values used in this functlion have been approximated

from estimates supplied by ICA [31] and show the more limited
efforts that have been achieved in thls program prior to
1971. The profile generated by the table function could be
changed to one similar to Figure II.8 as part of the policy
experiments. Tinrally, the improvement of crops is determined
exogenously using the simple model described by Eguations
6.2, and its effect is measured in the land allocation

decisions and in farm incone.

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 taxeé are a maln 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 prodﬁc-
tion levels, agricultural income, and other relevant economic

performance criteria.

Expert Policies

Finaily, the model allows experimentation with several
kinds of export pclicies almed at generating foreign earnings
and regulating domestic supply. Specifically, targets can
be set on cattle exports, exchange rates can be varled and
subsidies can be paild to exporters. In addition to these,
the effects of differént levels of exports on domestic con-
sumption and price can be investigated and their consequences
projected. . Further, the value of transfers from publile
revenues to the private sector in the form of an export

subsidy can alsc be examined.






CHAPTER 9
ACCQUNTING AND PERFORMANCE CRITERIA {(CRTACC)

Component CRTACC completes the farm accounting and
computes the performance indices used to evaluate the out-

come of the cattle and crops policy experiments.

Budget Accounting

Given incomes, costs of crops and cattle and the rate
of land improvment, 1t 1s possible to determine credlt require-
ments, debt service, investment constraints and farm income
on a regional basis. The farm development bﬁdget is modeled
dynamically as cash flows distributed over time. The develop-
ment budget model is divided into three stages of varying
lengtha. The respective stage lengfhs reflect the {hree
investment periods which the model identifies: a period of
expenditures on farm improvements and credit payments, a
grace period, and a period of credit repayments. These
lengths (LT} are policy variables which allow testing the
effect of different credit schemes.

The preceding budget flow is simulated dynamically
by three calls to BOXC, a "boxcar train" subroutine, one for
each stage. This subroutine is used to delay a flow for a
considerable period of time, with no outflow until the
delay time is over [21, 527. The credit-investments period

167
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uses as an input the cutlays regulred for farm improvement,
net of farmers participation and use of private Tunds.

These regulrements are determined by the rate at which land
enters modernization (Equation 5.41) and therestablishment
costs {(Eguation 6.37). The remaining stages use the cutput
of the preceding stage as an input. Eguations 9.1 describe

this process.
CALL BOXC(AUX5(t-DT), BOUT1(t), TRAIN1, NCOUN1, NOCY1,

1T1, SUMIN) (g.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) (g.1e)
where:

AUXS5 = credit needs for land entering modernlzation
(Ps/year)l/

BOUT1 = rate credit investments leave the first
stage {(this is the output variable of the
first call to BOXC) (Ps/year)

BOUT2 = rate credit investments leave the second
stage (this 1s fthe cutput variable of the
secend call to BOXC) (Ps/year)

BOUT3 = rate credit investments leave The third
stage (Ps/year)

LT1 = time development loans are paid {(years)

1/

~ FPor 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 periocd (LT1 + LT2)}
(years)

LT3 = time development loans are repaid (years)

TRAIN, NCOUN, NOCY, SUMIN
= other variaples associated with the use of
the BCXC subroutine.
The purpose of these calls to subroutlnes 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.

TRNSL1(t+DT) = TRNSL1(%t) + DT#(AUX5(t) - BQUTL(t)

- TRAINI(3)#(1 -~ A5(t))) (9.2a)
TRNSL2(t+DT) = TRNSL2(t) + DTx(BCUTL(t) -

BOUT2(t)) (9.2b)
TRNSL3(t+DT) = TRNSL3{t) + DT#(BOUT2(t) =~

BOUT3(t)) (9.2¢)
where:

TRNSL1 = total credits pald during the first stage--

the period when improvements are implemented
(Fs) :

TRNSL2 = total credits completing the grace period (Ps)
TRNSL3 = total ecredits that have to be repaid (Ps)

A5 = the proportion of land remaining in the
program after dropouts-~Equation 5.44,

The term involving TRAIN1(3) in Egquation 9.2a needs further

explanatlion. The credit rates that flow through the first
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BOXC delay are adjusted to allow for the possibility of
"dropouts"” ‘from the program. This dropout effect is intro-
duced by the variable A% discussed 1in Chapter 5. Equation
§.2a also implies that dropouts, if any, occur during the

first year after entering the modernization program.

Development Credilt

Once the total outlays of investment credit are
generated, it is easy to determine the credit constraints
to development and the debt service. Filrst the model com-
putes demand for credit, DCRDT, and availability of credit,
CREDT, which are used to determine the credit-based rate

of modernization in component LAMDAC (ARM1 in Equation 5.41)}).

_ TRNSLI1(t)
DCRDT () = =gt (9.3)
CREDT(t) = max{ACRDT(t) - DCRDT(t), 0} (9.4)
where:
DCRDT = demand for development credit from ranchers
already in the program (Ps/year)
CREDT = credit avallable for additional modernization
(Pa/year)
ACRDT = total credit allccated for modernization--a

pclicy variable (Ps/year).
Next, the model computes the debt service on develop-
ment lcans. As a simplification, the meodel assumes that all
farmers entering.a modernization program receive credit if

it 1s avallable., This is to say that:

ALOAN(t) = min(CREDT(t), DCRDT(t)) (9.4a)
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ALREP(t) = PRE] (9.5)
ALOANA(£+DT) = ALOANA(t) + DT#ALOAN(%) {(9.6)
ALREPA(t+DT) = ALREPA(t) + DT#ALREP(%t) {(9.7)
where:

ALREP = development loans repaid (Ps/year)

ALOAN = development loans paid (Ps/year)

ALREPA = accumulated development loans repaid (Ps)

ALOANA = gaccumulated development credits paid (Ps).

Interests on development loans are charged on the

outstanding debt balance. These are computed in Egquations

9.8 below:
DBTOUS(t) = ALOANA(t) - ALREPA(t) (9.8a)
ALINT(t) = DRTOUS(t)*RINTL (9.8b)
where:

DBTOUS = the outstanding development debt (Ps)

ALINT = interest payments on development loans

{(Ps/year)
RINTL = interest rate on development loans--a

policy variable (proportion of debt/year).

Commercial Credit

Commercial credit as used in the modei 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 poliecy, 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. 109 . Regional allocation of commercial credit by the
banking system determines its availability to farmers and
this could be an important constraint in the model. Yet

lack of information on this matter led us to the simplifying
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 alloca-
tion of commercial credit by the banking system, ACRDTC,
could be & policy variable. Equatiohs 9.9 below compute

the availability of commercial credit and its debt service.

CRDAV(t) = min({PEQCR#EQPOS(t), ACRDTC(t)) (9.%a)
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 (Psg)
ACEDTC = commercial credit allocated (Ps/year)
PEQCR = proportion of eguity which can be used as
a credit base (proporticn/year)
VLAND = capitalized asset value of land in cattle
production--Equation 9.15%¢ (Ps)
VACAPL = value of cattle inventories--Equation g.14

{Ps)
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CDEB = commercial debt of cattle sector—-
Equation 9.6f (Ps)
DBTQUS = as defined in Eguation ¢.8a (Ps).

Total demand for commercial credit, TDCRDC, is
determined by the difference between net income from cattle,
increased by infernal transfers of capital from the crops

sector, and the expendltures for consumption.
TDCRDC (t) = max(-FARIL(t) ~ C239%FARMIC(t)
+ EXPLIV(t), 0) (9.9¢)

where:

TDCRDC

total demand for commerclal credit by the
cattle sector (Ps/year)

FARIL = aggregated net farm income from cattle--
Equation 9.10¢ (Ps/year)

FARMIC = aggregated net farm income from crops--
Equation 9.11 (Ps/year)

EXPLIV = aggregated consumption expenditures of
cattle producers--Equaticn 9.12a (Ps/year)

C239 = a model parameter determining the propertion

of income from crops internally transferred
to cattle production.

Commercial loans pald to cattle preducers, CLOAN,

are conmputed as:

CLCAN(t) = min(CRDAV(t), TDCRDC(t)} (9.98)

The repayment of the commercial debt is computed as:

CREP(t) = max(CREPR¥CDEB(t-DT), 0) {9.9e)
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where:

1l

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+4DT) = CDEB(t) + DT#(CLOAN(t) - CREP(t)) (¢.ar)
CINT(t) = RINTC*CDEB(%t) {(9.9g)
where:
CDEBR = commercial debt of cattle sector (Ps)
CINT = interest payments on commercial debt
(Ps/year)
RINTC = interest rate on commercial loans (proportion

of debt/year)

Aggregated Income and Consumption

Component AGPRAC generates revenues and costs of
traditional and modern cattle (Equations 6.38 and 6.39)
disregarding the accounting effect of commercial credit.
Now it is poséible to incorporate thils effect into the
general accounting and determine farm income on a regional

basis. Tirst, Equations 9.10 compute aggregated income from
cattle.

ARLSK{(t} = ARLAT(t) + ARLAM(t) + CLOAN{t) (g.1ca)

where:

ARLSK = aggregated revenues from cattle (Ps/year)
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ARLAT = accounting revenues from traditional cattle--
Equation 6.39¢c (Ps/year)

ARLAM = gccounting revenues from modern cattle--—
Equaticn 6.39¢c {(Ps/year)
CLOAN = as defined in Equation 9.94 (Ps/year).
ACLSK(t) = ACLAT(%t) + ACLAM(%t) + CREP(t) + CINT(%) (9.10b)
where:
ACLSK = aggregated costs of producing cattle (Ps/year)
ACLAT = accounting costs of traditional cattle--
Egquation 6.38 (Ps/year)

ACLAM = accounting costs of modern cattle-~Equation
6.38 (Ps/year)

CREP = as defined in Equation 9.%e (Ps/year)

CINT = ag defined in Equation 9.%g (Ps/year).

Finglly, aggregated net farm income from cattle,

FARTIL, is simply computed as:
FARIL(t) = ARLSK(t) - ACLSK(t) (9.10¢)

Next, aggregated farm income from crops is computed
from net income of cash and food crops (as discussed in
Chapter 6). The value of property tax used in this computsa-
tion is based on the assessed capitalized value of all land

in crops as will be digcussed later in this section,

FARMIC{t) = WARICC(t) + FARIFC(t) - VLDTXC(t) (9.11)
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where:

FARMIC = aggregate§ net farm income from crops
(Ps/year)/

1/
1/

FARIFC = net farm income from food crops (Ps/year)=

I

FARICC = net farm income from cash crops (Ps/year)

VILDTXLC = value of taxes on land in crop production
(Ps/year)}/

Due tc a lack of data on family expendifture patterns
and statistics on the number of family heads operating cattle
farms, the computation of living expenditures poged a dif-
ficult problem. This was circumvented in the model by
developing a simply income-~consumption submodel which uses
estimates based on expéerienced Judgments. The number of
cattle farm operators was roughly estimated from the number
of farms supplied by DANE [14]} and an annual minimum
consumption expenditure was-set for the region hased con
reasonable living requirements pef family.g/\ The income-
consumption equations attempt to incorporate into the model
consumers' behavior related to income elasticlty of demand,
wealth effects and Engel's law. BSavings in the cattle
econonmy are implied when the combined income from cattle
and crops exceed consumption expenditures., Eguations 9.1z
determine the income-consumption relationships discussed

above.

l/For detalled computation of these varlables, see

subroutine AGACC in the Appendix.

E/The assumed number of farm families is 40,000 and
the minimum expenditures for consumption Ps 5,000/family-~year.
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x (ALPHZ (£)*GINC(t), EXLMIN) (9.12a)

"

living or consumpticon expenditures of
cattle farmers (Ps/year)

1

aggregated gross income f?fy sales of
animals and milk (Ps/vear )=

il

as defined in Equation 9.12b (proportion)

b)

the minimum value between a and b.

1 + (€262 - C261)#EXP(-C263%C264%max

NC(t) - EXLMIN, 0)) {9.12b)

a variable which introduces the effect of
income upon consumers' behavior (proportion)

a model parameter determining the minimum
proportion of income which is consumed

a model parameter determining the maximum
proportion of income which is consumed

i

the rate of consumption expendifures response
with respect to changes in income (dimension-
less)

a scale factor

b)
= the maximum value between a and b

= the exponential function.
ong 9.12 Imply that a minimum level of con-
s takes place despite low incomes. Further,

low a higher proportion of it is consumed,

Yo
In the Appoendl

detalled computation see subroutine AGACC
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 1is clear that by assligning dif-
ferent values to the model parameters in the function ALPHZ,
a wilde range of consumers' behavior can be simulated, The
preéeding computation can be improved and probably re-
formulated as morve information on this subject is avaliable.
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 (Equaticns 5.41 and 5.42¢). Thils 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), 0) (9.13)
where:
NCFR- = net investment capital of farmers (Ps/year)
FARiL = as defined in Equation 9.1C0ec (Ps/year)
FARMIC = &3 defined in Equation 9.11 (Ps/year)
EXPLiV = a8 defined in Eguation 9.12a (Ps/year)
239 = a model parameter determining the propcrtion

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 cchnsldered in the nodel: the wvalue
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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 populaticn. 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 coliateral value of thelr assets,
enabling them to borrow more capital for further zgricultural
expansion.

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 1s clear that an expandéd market
model pricing of each animal category will provide a better
estimate of the value of cattle inventories. The model
accounts for a likely higﬁer value of animals in the modern
sector, and assumes that finished males are not kept in the
herd but are marketed as soon as they complete the fattening

period.

VACAPL(t) = PAP(£)#[C227#(PFGT(t) + C212%PFGM(t)) + C226%
(PFPT(t) + C2L2%¥PFPM{t)) + C224#(OLDFT(t) +
C212%0LDFM(t)) + C228%(PMGT(t) + C212%PMGM(t))

+ C225% (PMPT(t) + C212%PMPM(t))] (9.14)
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where:
VACAPL = yvalue 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-—-
Eguation 6.11 {(animals)

PFFT, PHEM = population of producing females,
' traditional and modern, respectively
~--BEquation 6.11 {(animals)

PMGT, PMGM = population of growing males, tradi-
- tional and modern, respectively--
Equation 6.11 (animals)

PMPT, PMPM = population of producing maliles, tradi-
tional and modern, respectively--
Hquation 6.11 (animals)

OLDFT, OLDFM population of old females, traditional

and modern, respectively--Eguation
6.12 (animals)

G212 = a parameter accounting for heavier
animals from the modern sector

c224, ..., Cc228
= model parameters determining price
relationships between finished males
and other sex and age groups (pro-
portion).
The asset value of pasfure land used in the model is its
capitalized value which 1s obtained by dividing the annual
average returns in a hectare of land by the prevailing interest
rate. The total capitalized value in the Costa is the sum
of the values of the total land in the traditional and modern
sectors. It should be mentionhed that the capitalized value of
a4 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 econcmy
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affects the capitalized iand value. In thé model, when the
average returns from traditional cattle become negative, the
land is valued at a salvage price assumed fo be one peso per
hectare. But when average returns from moderﬁ cattle or crops
are negative, the assumed salvage value of land is that of land
in traditional cattle producticon. The capitalized value of

land in cattle production 1s computed in Hquaticons 9.15 below,
where RINT attempts to represent the opportunity cost of capiftal

rather than the interest rate of bank loans.

VLANDT(t) = max(SVALT#TTGLR(t), @%%NL?——Q‘—)—) (9.15a)
wWhere:
VLANDT = capitalized asset value of land in f¢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)
3VALT = the salvage value of traditional land (Ps/ha.).

The computation of FARILT deces not account for income
and/or liabilities arising from credit. This accounting pro-
cedure implies that borrowing does not affect land values
and the procedure is also applied in the modern sector; The
caplfalized value of crop land, VLANDC, i1s computed in a
fashion similar to traditional pasture and is not shown here.
Yel there are two exceptions: the salvapge value of land
diccovaed ecartier, and Lhe aerm o income Lhot Tooan appereorate

of all cash and food erops. Capitalized values per unit of
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land are simply computed dividing fotail value of land by

total land in cach uso.

VLANDM(t) = max(VLNDHT{t)*(TRSL(t) + TLMOD(t}},

FARILM1{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)

VLNDET = the per hectare capitalized value of the
traditional land (Ps/ha.)

FARTLM1 = farm income from modern cattle net of
credit accounts (Ps/year)

TLMOD = fotal grazing land in modern production--
Equation 5.48 (hectares)

TRSL = Jand in fransition from traditional to

modern practices--Equation 5.46 (hectares).

Finally, the model generates the vériables assoclated
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 mainiy the payment
of subsidies and adjustments in the exchange rate, we will
be concerned with these two policy elements here. Export
subsidies are pald 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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where:
SUBSE = export subsidies pald to cattle sector
{Ps/year)

FOREX = foreign exzchange earnings from cattle

exports--Equation 6.17 (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:
FCREX(t) = WPB(t)sEXPL(%) (5.17)
where:

WPB = world (FOB) price of beef~-Equation T.la

(US $/animal}
EXPL, = official cattle exports--Equation 6.26¢

(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
Vonetary Fund [H447, and average wvalues for 1967 and at the
beginning of 1968 are thoge recorded by the Central Bank [3].
FProm 1968 forward the exchange rate is proJected at the rate
of increase observed during the period 1967 to 1972 [4%].
These computations perférmed in Equations 9.18 below in-
corporate into the model the effect of a fluctuating exchange

rate introduced by the Colombian government in March 1967.

0 (i.e., undefined) 0 <t < i
EXCHR(t) = 412,77, 13.5, 13.5, 14.5, 156.76 4 <t < 8 (9.18a)

EXCHR(t~DT) + DT*RCHEX(t-DT) £ > 8



where:
EXCHR = ag defined in Egquation 9.16 (Ps/dollar)
RCHEYX = the rate of change in the offlicial exchange
rate--Equation 9.18b (Ps/year).
RCHEX(t) = AL1¥EXCHR1968%EXP(AL1*(t-8)) (9.18b)
where:
ALL = the annual excharnge rate growth rate
(proportion/vear)
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 international markets. Ancther
way of looking at EXMAR is as. the profit for beef exporters.
When exports are made in the Tform of carcass beef it is
assumed that revenues from viscera, hides and other by-
products cover slaughtering and handling costs. In Eguation
9.19 below, the export subsidy, EXSUB, is reduced by a factor
of .8 to account for the discounted price at which the tax
certificates used to pay the subsidy are =sc¢ld in the market.
A negatlive export margln indicates that Colombian beef is
priced out of internatlional markets aft the golng effective

rate of exchange.

EXMAR(t) = WPB(t)*EXCHR(t)#{1 + 0.8%EXSUB) - PA(t} (9.19)
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where:

ZXMAR = the profit margin of beef exports {(Ps/
animal)

txd
e
P!
!
=
I

a3 defined in Equation $.36 (Ps/dollar)

WPB = world price of beef--Equation 7.la (U3 $/
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

Fauations ¢.20 through 9.23 compute a number of
performance variables of the Costa model. These include:
{1) farm assets and income; (2) foreign exchange and govern-
ment revenues; {(3) government expenditures on modernization
campaigns; and (4) beef consumption. Other performance
measures which may be useful in evaluating alfernative
medernization polieies include output variables from other
components. Examples of these are total cattle population,
extraction ratios, and animais treated against contagious
diseases.

Equations 9.20 compute value of capital in cattle

production and\farm income.

VALCAP(t) = VACAPL(t) + VLAND(t) (9.20a)
FARMI(t) = PARIL(t) + FARMIC(t) (9.20b)
FARMIA(t+DT) = FARMIA(S) + DT#FARMI(%) (9.20c)

FARILA(t+DT) FARILA(t)} + DT#FARIL{t) (9.208)
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DSREVL{t+DT) = DSREVL(t) + DT¥FARIL(U)#EXP(-DIR%T) (9. 20e)

where:

VALCAF = total value of animal population and graz-
ing land (Ps)

FARMI = total agricultural income (Ps/year)
FARMIA = accumulated agricultural income (Ps)
FARTLA = accumulated farm income from cattle (Ps)
DSREVL = discounted future returns from cattle (Ps)
DIR = the discount rate (propcortion per year).

Foreign exchange earnings and government revenues

are computed by Equations 9.21.

FOREXA(t+DT) = FOREXA(t) + DT#FOREX(t) ' (9.21a)
GOVREV(t) = TAXCT(t) + TAXCM{t) + VLDTAX(t) (9.21b)
GOVREVA{t+DT) = GOVREVA(t) + DT#GOVREV(t%) (9.21c)
where:

FOREXA = accumulated foreign exchange earnings

from cattle (Ps)

government revehues froem the cattle sector
(Ps/year)

]

GOVREV

TAXCT, TAXCHM
= value of taxes on traditional and modern
cattle, respectively~-Equations 6.34

(Ps/year)

VLDTAX = value of taxes on land based cn the aggregated
capitalized land value--Equations 6.33 and
9.1%¢c (Ps/year)

- GOVREVA = accumulated government revenues from the

cattle sector (Ps).
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Government expenditures on modernization campaigns,

Equation 9.22, include allocaticn of funds for development

credit and control of foot-and-mouth disease (FMD).

ACRDTA(%+DT) = ACRDTA(t) + DT#ACRDT(t) {(g.22a)
EXPDS(t+DT) = EXPDS(t) + DT#EXPAFT(t) ' (9.22b)
where:

ACRDTA = accumulated funds alleocated for develop-

ment credit (Ps)

EXFDS

accumulated public expenditures on control
of FMD (Ps).

Finally, beef consumption is computed 1In Eguations

G.23 for the total Colombian population.

POP(t) = POPO*EXP(C282#t) (9.23a)
PERCAP(t) = C281% (SUPB(L) — EXPL(t) - UNEXPL) (9.230)
POP(t)
where:
POP = f{otal Colombian population (habitants)
POPO = total Colombian population at the begin-
ning of simulation {(habitants)
c282 = the rate of growth in population (por-
portion habitants/year)
PERCAP = the Ccleombian per caplta beef consumption
(kgs/habitant-year) '
SUFPB = total Colombian beef supply--Equation 6.25b
{animals/year)
EXPL = registered beef exports--Equation b6.26c
(animals/year)
UNEXPL = non-registered beef exports--Equation 6.26¢

(animals/year)
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CoBl = he averggre dressed caveass wolghi

l'l
(keos/uanimal).
Table II.8 shows the values of a selected number

of variables used in component CRTACC.
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TABLE II.8. Selected Coeflficients and Initial Values in
the Accounting and Performance Criteria
Component (CRTACC).

Definition
{Equation No.) Value
LTl Determines the time development 3
(9.1a) loans are paid (years)
T2 Completes the grace period 1
(9.1b) (vears)
LT3 Determines the time develop- 8
(9.1¢) ment loans are repaid (years)
RINTL Determines the interest rate on 14
(g.8n) development loans {proportion

of debt/year)
PEQCR Determines the proportion of .5
{(9.9a) equity which can be used as a

credit base (proportion/year)
CREFPR Determines the repayment rate on 1
(5.9e) short term loans (proportion of

debt/year)
RINTC Determines the interest rate on .1
(5.9g) short term lcans (proportion of

debt/year)
EXLMIN Determines the farmers aggre- 200,000
(9.12a) gated minimum living expendi-

tures (thous. Ps/year)
SVALT Determines the salvage value 1
(9.15a) of traditional grasslands {(Ps/ha)
RINT Determines the opportunity cost .18
{(9.15a) of capital (porportion/year)
EX3UB Determines the export subsidy .15
(9.16) (proportion of value of exports)
ALY Determines the rate of growth L0728
(9.18p) in the exchange rate (pro-

portion/year)
c2l2 Determines increased weight of 1.4
(g.14) "modern" animals (dimensionless)
o234 Determines internal transfer of .1

(9.9¢)

capltal from crops to cattle
praduction {(proportion)




TABLE II.8. {continued)
Definition
(FEquation No.) Value
c261 Determines the minimum consump- .25
(9.12b) tion from gross income (pro-
portion)
o262 Determines the maximum consump- L5
(9.12b) tion from gross income {(pro-
portion)
C263 Governs response rate of consump- .3
(9.12b) ticon to changes in income
{dimensionless)
C264 A scale factor (dilmensionless) 10-8
(6.120)
C281 Determines the average dressed 200
(9.23a) carcass weight (kgs/animal)
cag2 . Determines the rate of growth in .032
(9.23a) population (proportion
habitants/vear)
EXCHR1968 Official exchange rate at the 15
beginning of 1368 (Ps/dollar)
POPO Initial Colombian population 15,415.7
(9.23a) (thous. habitants)

Sources: [3, 5, 17, 41, 42, 45] and initial guesstimates
and model tuning.



PART ITTI

VALIDATION AND TESTING

Introduction

Model testing is an ongoing process which should
continue even after a model is iImplemented and in routine
use. Testing, refining and validating a mcdel are closely
connhected processes. A simulation model ié fested both to
check its internal consistency and to assure that it is an
adequate representation of the complex processes of the real
world. 'The vallidity of a model has to be established with
some degree of confidence before a decision maker can base
policy decisions on the experimental results of that model.

There are 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 behavlor established by experts and from
other published sources. This test uses the intuitive
knowledge and expertise of people who have experience 1n
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-

tions. Or alternatively, the model can be used to reproduce

221



e
o
e

historical data from the real world which are not used in
. the construction of the model. Once the model has been
implemented, it 1s tuned and updated as an ongolng process
with such compariscns.

Finally, sensitivity tests, which identify which of
the model's parameters cutcomes are mosﬁ sensitive fto fheilr
value changes, can alsoc be conducted to validate thellogic
and internal consistency of the model. |

Chapters 10 and 11l briefly discuss the model's data
requirements and problems and examine two of the approacnes
commonly used to deal with these problems. These are tuning
the model to track recorded time series and analyzing the

modei's sensitivity to variations in parameter wvalue.



CHAPTER 10
DATA USAGE AND MODEL TUNING

Data requirements for the model are eitensive. Data
were obtained from a diversity of sourcesi/'that included
Ministry of Agriculture reports, FAQ reports, World Bank
reports, FEDEGAN reports, INCORA reports, Caja Agraria
reports and statistiecs, DANE and Central Bank statistics,
other published reports and informal guesstimates. QOther
data used were "synthesized" or "simulated" from various
combpinations of data. Often costs were one point estimates
obtained from published sources thﬁt ﬁere later converted
to base year values by means of indekes reflecting the rate
of inflaticn in prices of farm inputs. Aside from the
secondary sources, some informal primary infofmation was
obtained from a two-week survey of the Costa made in the
summer of 1971. Yet, the data problems encountered were
many and rahged from nonexistent information to unreliable
and contradictory estimates. In Colombia, as 1in 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 [40].

However, researchers, planners and policy makers
cannot walt for accurate and reliable data to recommend,
plan, and make decisions on policies and programs for develop-
ment. Models have to be designed on the basis of the best
information that is readily available, and technilques may
be used not only to improve the gquality 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 varlability both for the validity of
the model and for policy feormulation. These tests can also
provide guidance for determining priorities for data gather-
ing activities. Secondly, given coarse probabilitfy distri-
butions for a set of key ?arameters, running the model in a
Monte Carlo mode can generate directly cutput statistics
reflecting data uncertainties [1, Chapter 4]. Finally, the
model may be tuned tc track a number of recorded reliable
time series by adjusting uncertaln parameter values. This
procedure will be discussed later in this chapter.

The entire data input to run fthe model can be found

in various chapters where this information ls 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 wvalues.

Mcdel Data Reguirements

Data for the Costa cattle/crops model fall into four
general categories: system parameters, technological coef-
ficients, 1nitial conditions, and historlical time series.

The data requirements of the first three categories are
extensive and obtained from & diversity of sources includ-

ing descriptive information and guesstimates from knowledgeable
persons. In this section, we will briefly discuss the first
three categories of data and their sources. Historical time
series, used in tuning the model, will be discussed in the

next section.

System Parameters

Fundamentally, system parameters reflect the behavioral
characteristics of the system being modeled. These parameters
and the interconnected basic equations, in fact, define the
system. A few examples of the many system parameters of the

Costa model are:

1. the land modernization and disinvestment pro-
fitability response parameters (E9, E8 in
Equation 5.36 and E91, E81 in Equation 5,475

5. the land use response rate parameter (CL1 in
Equation 5.21);

3. the profitability discount rate {(DIR in Equation
5.31);
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4, the many delays and averaglney =and smeothing lags
of the model (e.g., XDBL 1In bBguations S.H43, DLELLS,
16 and 17 1in kguatlons 5.1);

5: the sales restriction parameters (BMN, BMX, AMX
and AMN in Equations 6.22);

6. the Tarmers' resource use profitability response
parameters (C235, C236 in Equation 6.36);

7. the income elasticity of expenditure parameters
(C261, C263 in Bguation 9.12b).

There is little or no information on most of the
behavioral system parameters and acguisition of this type
ol data would entail survey research that has never been
conducted. The values used in the early stages of building
and testing the model were educated and intuitive guess-
timates acquired from varlous secondary sources [e.g.,
26, 42, 53j, from experiences in other devéloping countries
(mainly experience acquired by the Michigan State University
simulation team for Nigeria) and from such primary sources
as interviews with Colombian officials and farmers In the
Costa. Alfthough values of selected system parameters are
shown in Tables III.1 and IIT1.2, we will take a close look
here at the pasture land modernization and reversion transi-
tion response thresholds as an example (E9 and E91 in Table
III.1). Tne value of E9 shown (.5) means that the alter-
native to traditional grazing must be at least 50 percent
more profitable before farmers will transfer the land to
modern management. And the value of E91 (.3) means that the
profitabiliity of the modern operation must be at most 30
percent higher than that of the traditional one before

farmers will reverse the modernization process., The relative
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Modern Grazing (2imensicnless).

Profitability Response Parameters for Traditionazl and

Variables
{Ean. WNo.)
{definition)

Present
iJses

i

Alternative Uses

Traditicnal
Grazing

Modern
Grazing

Eg :
(5.36)
(response threshold)
EGL
{(5.47)
(response thresnold)

Traditional Grazing w

Medern Graziling

.5 -

ES
(5.36).
{governs response rate)
z81
(5.47)
{governs response rate)

Traditional Grazing

Modern Orazing

DIR
(5.31)
{(discount rate}

.15 .15

Socurce:

Initial guessfimates and model tuning.
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TALLLE LT 7, Cattle Produebtlon aramelors.
Definition
{Equation No.) Value
MKM Marketing margin .15
(7.3)
2173 Proportion of dead animals a
(6.24) " consumed
C2lh Proportion of fertile cows sold .6
(6.24) f'or slaughter
{215 Proportion of growing females .2
(6.24) sold for slaughter
$216 Proportion of growing males 0
(6.24) gold for slaughter
c242 Proportion of helfers treated .05
(6.27a) against brucellosis
cauy Annual proportion of animals .3
(6.28b) privately treated against

foot-and-mouth disease
Source: [29, 31, 63, 64] and initial guesstimates and

model tuning.
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values hypothesize different farmer attitudes (e.g., risk
aversion and uncertainty as discussed in Chapter 5) toward
cattle modernizatlion.

Despite the lack of accuracy in parameters such as
those highlighted above, they play an important role in the
validation of the model. Some of them provide a range of
values which may be fested in tunhingthe model to track
nistorical time series and to 1mprove the modei's behavior
in comparison to "realitj.” Some others, as shown by sen-—
sitivity tests, are not crucial to the model's performance
and therefore the results are more sensitive to other elements

in the system.

Technological Coefficients

Technological coefficients are probably the easiest
to obtain and handle in the model. The variocus 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,
Lz, 43, 57, 58, €0, 61, 667. The existence of data for these
parameters does not mean they are completely reliable. In-
stead, more research and field work will be necessary to
increase their level of confidence.

Some examples of technological coefficients used
in the model are:

1. crop yields {YLDCL, YLDCU and YLDFC in Equations
6.2);

2. pasture yields (e.g., CGOU, CGOUl, CGOL and CGOL1
in Eguations 6.3);
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3. costs of production (e.g., CSTHCU, CSTHCL and
CSTHFC 1in Eguation 6.290});

4. average carcass weight per slaughtered animal
(C281 in Equation 9.23b);

5. mean times spent in the cattle productlon stages
(DGROF, DGROM, DPRODF and DPRODM in Eguation 6.10a).

Almost all the technological ccefficients remain constant
throughout a simulation run. Some exceptions are costs of
production and price of crops that change with domestic
inflation, and crop yielids. Learning curves for ylelds are
discussed in detail above in component AGPRAC, Fquation 6.1.
Values of selected technolgoical coefficients are presented

in Tables III.3 and III.4.

Initial Conditions

Initial conditions (1960) define initial values of
all levels (and some rates) that must be given before the
Tirst cycle of model computations can begin. Since their
values change durling the course of a run they must be reset
at the start of each run. Some of these include:

1. land usage (e.g., TLFCO, TLCRL and TLCRU in
Bguations 5.4, 5.11 and 5.24);

AV

~cattle population in each cohort (PMG, PMP, PFG,
PFP and OLDF in Equaticns 6.11 and 6.12);

3. crop prices and price averages {component Price
Generation, Chapter 7)

4. total demand for beef {(TDEM in Eguation 6.26c).

Some of these variables present no data problems.
For instance, assuming all cattle population at time zero
(1960) is traditional, we determine that modern population

in each cohort is zero., But the model is gulte sensitive
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to the initial cattle Iinventories, as we shall discuss later
(Chapter 11), so more complete and accurate cattle population
estimates would increase this model's accuracy. Values of
selected 1nitial conditions are shown in Table III.5.

It must be stressed that the model can be useful
Tor planning economic development, in spite of imprecise
parameter estimates, for it is not necessarily the aim of
a development model to forecast in absolute ferms 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 variocus assumptions and

then by comparing alternatives.

Tuning

The major components of the Costa model were programmed,
simulated and tested individually as paft of the overall model-
bullding process. During this process, conceptual and .pro-
gramming errors were detected and corrected, and then the
components were integrated into the Costa model. Extensive
model tests were performed on the larger model to eliminate
programming errors and inconsistenclies 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 ags "tuning" the model. These checks are

made before the model is implemented and they suggest which
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A Tit., Fastbure and Crop Yietds (Lo /oi=yoear).

Pagtures {Average TDN Yields ) {Variable) {Egn. No.}

Uplands
Traditional artificial (CGOU) (6.3a) 3,48
Traditional native {(CGOU1) (6.3b) 1..16
Modern artificial (CGUL1) (6.3¢) 5.0
Modern native (CGQU2) {6.3d) 1.7
Lowlands
Traditional artificial (CGOL) {(&.3a) 3.8
Traditional native (CGOL1) (6.3b} 1.26
Modern artificlal (CGL1) (6.3c) 5.1
Modern native (CGLZ2) (6.3d) 1.7
Land in Transition
Transition artificial (CG3) (6.9L) 3.3
Transiticn native (CG4) (&6.9b) 1.16
Crops .
Cash crops in lowland (YLDCL) {(6.29a) 1.56
Cash crops in upland (YLDCU) (6.29a) _ 1.11
Food crops (YLDFC) (6.29a) 8.3

¥TDN = Total digestible nutrients

Sources: [7, 33, 61, 6671 and

Inztituto Colombiano Agropecuario (ICA)}, Dia de
Campo~Pastos y Forrajes--Ganadc de Carne.
(Monteria, September 12, 1970), 28-K8.

"Algunos Aspectos de la Fertilizacion
de Pastcos." Pastos y Ganados para la Costa
Atlantica. Boletin Tecnico No. 15 (Bogota,
1867), 33-4z2.

. Bl Pastc Puntero. Hoja Divulgativa
No. 029. (Bogota, April, 1370), 1~-4.

. EIl Pasto CGuinea. Hoja Divulgativa
No. 029. (Bogota, March, 1G71), 1-4.
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TABLE III.4. Mean Length of Cattle Production Stages (years).

Production Cchorts®* (Variable) (Eqns. No.)

Growing females (DGROF) (6.10a) 2.5

Growing males {(DGROM) (6.10a) 2.5

Producing females (DPRODRE) (6.10a) 10.0

Producing males (DPRODM) (6.10a) 3.0
¥Tpraditional and modern

Sources: [5, 29, 61, 66]

TABLE III.5. Selected Initial Conditions (1960).

Cattle Population (thousand head) (Variable) (Bgqn. No.)
Growing males (PMGT) (6.11) 1,174
Growing females (PFGT) (6.11) 1,183
Producing males (PMPT) (6.11) G43
Producing females (PFPT) (6.11) 2,424
01& cows (OLDFT) (6.12) b7

Land Use (thousand hectares)} (Variable) (Eqn. No.)

Cash crops in lowlands (TLCRL) (5.11) 140.5
Cash erops in uplands (TLCRU) (5.24) : 281.0
Food crops (TLFCO) (5.4) 101.73
Export banana (TLBAN) (5.13) 20.0
Grazing land in region 1 (TGLSF1) (5.1d) 2,510.36
Grazing land in region 2 (TGLL) (5.16) 319.8
Grazing land in subregion 1 (TGLUl) (5.26) 1,471.7
Grazing land in subregion 2 (TGLU2) (5.18) 1,252.3

Sources: [Table I.2, 8, 15, 16, 29] and initial guesstimates
and model tuning.
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parameters need adjustment, or where a structural relation
.must be added to the model to improve its behavior in com-
parison to "reality."

Degpite the defielency of Colomblan statistics on
agricultural production, four time series (1961-1970) were
used initlialiy in funing the Costa model: Colombian supply
of beef, market price of finished males, land in erops, and
cattle population in the Costa. 3ince tThe modernization
campaign promotion started in 1965, the tuning process in-
cluded many of fthe parameters and structural relationships
used in the modernizatlon decisgsionsg, and the sidulated
series reflect the effects of the first five years of campaign
implementation. The comblnation of tradltional management
before 1966 and modern management with improvement of arti-
ficial grasses and substifution of artificial for native
grasses (alternative 2) from that year on was used as a
standard run for ftuning the model. Alternative 2 was
gselected because it patterns more closely the modernization
program currently carried out in the Costa. Plots of the
above gimulated series along with the actual ones are de-
picted in Figures IIL.1 and IITI.2. Table IIL.6 displays the
four time series resulting after the initial coarse ftuning.
Data values generating this it were used in the policy
.runs discussed 1in Chaﬁter 12.

Aftthough mathematical measures of the goodness-~of-
fit could have been used as a criterion to measure past

behavior characteristics [1, 21, 53], at this stage in the
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Figure IIT.1. Results of "eoarse" model tuning--cattle population in the Costa and Colomblan
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at the end of fthe year.
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TABLE III.&. Time Series Tracking.

Colombian Beefl Supply Cattle Population in the Land 1n Crops 1n the Price of Finished Males

(thous. animals/yr.) Costa (thous. animals) Costa (thous. has.) (Pesos/animal)
Year DATA STMULATED | DATA SIMULATED | DATA SIMULATED { DATA STMULATED
1961 1,965 1,970 6,200 £,235 533.3 555.1 1,058 1,150
1962 2,145 2,123 6,400 6,356 548, 2 565.9 1,054 1,236
1563 2,305 2,292 6,560 6,492 552.5 576.7 1,117 1,272
1964 2,418 2,350 6,680 6,654 n.a. 587.7 1,346 1,322
1965 2,469 2,324 6,800 6,856 61G.4 589.0 1,629 1,459
1966 2,228 2,156 6,920 7,654 614.7 610.4 2,089 1,718
1967 2,205 2,006 7,160 7,181 616.7 £20.6 2,345 2,097
1968 2,360 2,235 7,480 7,284 589.7 622.7 2,606 2,425
1969 2,624 2,485 7,800 7,403 589.6 633.4 2,599 2,523
1970 2,820 2,710 6,080 7,555 n.a. 642,14 2,729 2,567
n.a. = not avallabnle

Sources: As indicated on PPp. 238=39.

LEZ
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development of the model more emphasis was placed on the
general qualltative nature of particular interrelationships
in the various model compohents that, in concert, produce
the behavicr that interests us in the actual sysfem. Never-
theless, a close look at Figures III.1 and II1.2 reveal

a closeness between simulated and observed real-world data
that increases confidence in use of the model as an experi-
mental tool to study the effect of structural and policy
changes in the actual system.

During the period 1961-1967, the observed prices
rlotted in Figure II7.2 are the national average of current
prices as reported by Garcia Samper [23]. But between 1968
and 1670, prices are a weighed average of finished males at
the Medellin stockyard as reported by the Central Bank.;/
Since Medellln prices for live animals are usually higher
than in ¢ther markets, the average prices of finished males
computed in Table IIL.6 for the period 1968-1070 are likely
overestimated in relation to natlonwide averages. 'This
means that if national averages were used instead of Medellin
averages for the last three-year period of observations, the
match of tThe recorded and simulated price seriecs in Figure
I11.2 would have been even closger. ZEstimates of cattle

popuiation and beef supply were obtainsd from DANEg/ and

1/

> Banco de la Republica, "Resumen de las Principales
Ferias de Ganado en el Pais," Revista del Bancc de la
Republica, XL-XLIII (1967-1970), Bogota.

2/

=" 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 Checks

Consistency checks are useful in evaluating the
basic eguatlions used to simulate real world behavior and to
test fhe wvalue of theilr assoclated paramefters. 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 some of the
productivity relationships given by the CIAT survey [9].
These relationships include average grazing rate, average
dally per hectare milk production and average cOwWws per
hectare. As Table III.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 fhe following develop-

ment of internal consistency checks, these definitions are

uged.
TOPOPR = total cattle population in the
Costa (animals)
TGLR = total grazing land in the Costa

(hectares)

l/Ca,ja de Credito Agrario, "Calculos de Produccion
Agricola de 1958 a 1963," Carta Agraria, Anexo al No. lay
(Sept. 1964), Bogota, I-1IV.
Idem, "Fstimativos Sobre Areas Cultivadas y
Produccion Obtenida Para Los Principales Cultivos, 1965-

1969," Carta Agraria, No. 241 (Nov. 1570), 5-14.
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TABLE 1I1.7. Results of Consistency Checks.

_ Productivity Model - CIAT
Index (1970) (1971)
Cattle head/ha. 1.46 1.45
Cows/ha. .59 .56
Lts. milk/ha.-day .6 .63
PECT, PFCM = total traditional and modern cow

population (producing and old
females), respectively (animals)

total traditional and modern
guantity of milk produced,
respectively {(lifters/cow-day)

QMCT, QMCM

total number of traditiocnal and
modern fertile cows, respectively
{animals)

i

FERT, PFERM

L}

PELACT, PFLACM proportion of traditional and

modern lactating cows, respectively

It

cmz202, CM202 proportion of traditional and

modern lactating cows which are
milked, respectively.
The following equations define some of the pro-

dictivity indices tested:

Cattle head/ha. = I%g%%%%§l

_ PPCT(t) + PFCM(%)

Cows/ha. TGLE(L)

i = PFCT( £ ) . " a3l ’ ;
Lts. milk/ha.~day = {PFCT(t) " PFCM(t)*(QMCi(t) —- QMCM{t)) +

(FERT (L )#PFLACT (L) %CT202 + FERM(t)#PFLACM{t)*CM202)
QMCM(t) (% TGLR(t) '
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General Validation

Althcugh the Cosfa model has been desligned to
experiment with four alfernatives to traditional cattle
management (see Chapter 4), manpower and time constraints
regquired 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 artifiecial for native grasses; alternatives
3 and 4 add the preoduction of forages and Silage'to the
improvement of range lands in alternatives 1 and 2, respec-
tively. While alternatives 3 and 4 presented the problen
of predicting the consequences of practices never done in
the past, and alfernative 1 implied 1little improvement
over traditional practices, alternative 2 éhowed the ability
To reproduce a pattern similar to the actual system. This
ability was demonstrated during the process of tuning the
model discussed earlier. 1t was fortunate that a moderni-
zation program was in effect in the region during the last
five years of the period used to tune the model. This
circumstance allowed evaluation of the reasonableness of
the data and functional relationships employed in building
the model, and increased confidence in alternative 2 as a
predictor of the value of_the real system over the future
and as the "standard" or "base" run for policy experimentation.

Nevertheless, as part of the general validation of
the model, the four alternatives were tested and compared

under thoe came underly oy preneral anoumplions deserlbed 1n
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Chapter 12 for the base run. As a first aprroximation, most
of the system parameters and technological coefficients
used in testing alternatives 1, 3, and 4 were the same
adopted for alternative 2. However, new auxiliary equa-
tions and technological coefficients were introduced, and
some system parameters changed as required by the nature of
a particular alternative. While it is true that no strict
statistical or econometric methods of verificaticon and vallida- ==
tion were used, less rigorous objectivity tests were applied
repeatedly in assembling data, modifying and developing model

components, combining smaller into larger model components

and in evaluating model output. The obJectivity of concepts
or empirical theories reqguires that they be:

l; consistent with observed and recorded experience,

2. dinternally and logically consistent,

3. interpersonally transmissable, and

4., workable when used to solve prObléms.

Table ITITI.8 summarizes the ocutput of selected
variables at the end of 25 years of simulation time. The
reaults of this test suggested that more experimentation
was necessary 1n order to better it the behavior of the
real system. This was especially true of all behavioral
parameters and more specifically of those that control the
modernization decisicns in Equation 5.36.

Az Table III.8 shows, no modernization takes place
(TMPL = 0) when alternative 1 i1s considered as a means of

improving cattle production. This result indicates that,
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given the model assumptions, the expected profitability
of this alternative over the planning horizon does not
produce the necessary incentive to induce farmers to change
thelr traditional pracftices. We must remember that in the
decisgion 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 fhreshold parameter (E9). This and the response rate
parameter (E§) 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 involived in alternative 1 suggests that
farmers might react differently than they do when facing the
more risky aiternative 2. This consideration does point out
the need of experimenting with other parameter values in the
transition response function of alternative 1.

In alternatives 3 and 4 the transition response is
the greatest as shown by the total modern pasture land (TMPL)
and the cattle population (TOPOPR). However, these alter-
natives involve the greatest risk since they include the
use of silage during the dry season which is a practice
unknown in the region except for some experimental trials.

In addition, they require the planting of large areas in
f'orages 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 (FARTLA). As
a matter of fact, income from the modern operation becomes
negative in some years as a result of lower animal prices
arising from larger supplies, increased operating costs fﬁom
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
te a rational behavior more attuned with their profit and
cash flow posgitions, and market situations.

Tuning the standard run to track four time series
was a2 nhecessary but insufficient condition to'validate the
model. Confidence is confirmed by the correspondence of
ftotal model benavior to that of the actual sysftem. And this
is accomplished in a process of intultive, theoretical, and
empirical consistency analyses. This general process of
model validation is very judgmental and should be viewed
as anh iterative and ongoling process of the model's develop-
ment and applicaticn. Although different validation tech-
riiques have been applied to complex general systems simula-
tion and econometric models used for decision making, the
guest for better model evaluation methods continues among
researchers. Detailed discussicns of the methodological
and philcosophic issues involved in the process of vaiidat-
ing and verifyinr complex models are found in Rossmiller,

et al. [62], Johnoon and Yerby {497, Fromm [22) and Shapiro [65].






CHAPTER 11
RESULTS OF SENSITIVITY ANALYSIS

The primary purpose of sensitivity tests is to
indicate those areas of the model in which changes 1in parameter
values or formulations have a significant impact on mcdel re-
sults. Such information is useful, not only for model tuning
and validation, but alse for policy making aﬂd'as a guide to
data collection priorities. Sénsitivity tegts on ah 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 ﬁhose
prortions of the model which deserve fthe greatest additional
research. Tilme and money can be saved by not studying parame-
ters that have lit{le or no effect on the results. Thus, the
efficiency of bothlresearch and the decision—making process
are improved. The preceding uses of sensitivity analysis
have been explained in detail and exemplified by Abkin [1,
Chapter 9]. An analysis of fhe results of a series of sensl-
£ivity runs of the Costa model is presented in the Tollowing

section.
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Analysis of Results

Mo tnodologry

The series of i? sensitivity runs conducted with
the Costa model investigate the effects of varying 45
selected coefficients. These 45 parameters are broken down
into: {(a) 12 production coefficients; (b) 12 land alloca-
tion coefficients; {(c¢) 11 price and cost coefficients; and
(d) 10 time lag or smoothing parameters. The production
coefficients include proportion of cows milked, initial
proportion of land in artificial pasture, initial cattle
population, rate of transfer of animals from traditional to
modern management, illegal cattle exports, and crop yields.
Land allocation ceoefficients include initial land in the
three agricultural regions, profltavility response parame-
ters of traditional cattle, internal transfer of capital
from crop to cattle production, and consumption expendi-
tures. Price and cost coefficients include price of crops
and milk, cattle marketing margin, rate of inflation of farm
inputs, and opefating costs of crops and cattle. And finally,
time lag or smoothing parameters include average lengths of
time for averaging output, price and cost oi crops, and
cattle. Some of these parameters were tested individually
while others were tested in combination in the same run;
each run simulates agricultural production in the Costa
over a 2b5-year period, 1960-1985.

& 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-
fer 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 o 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, 1n defining
the sensitivity runs described here was to vary each parame-
ter by an amount which I felt covered most of its variabillty
—-two standard deviations. In the absence of informed
judgments or other estimates of relevant distributions, the
variations used were guesstimates on my part. They certainly
do not imply the degree of precision suggested by the term
"two standard deviations," but do reflect the relative width
cf 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.
Tn 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, similar parameters
were varied by similar amounts. For example, the cattle
population cohorts were each decreased 25 percent, the lag
parameters were ecach decreased 40 percent, and the initial
land parameters were decreased by 10 percent each.

Output criteria, parameter deviations and results
are tabulated in Table ITI1.9. The output criteria include
farm income from cattle (FARILA), farm income from crops
(FARMICA) and government revenues from cattle (GOVREVA)
accumulated over the 25-year simulation. In addition,
effects of parameter varlations are shown for cattle popula-
tion in the Costa (TOPOPR), capitalilized value of pasture
land (VLAND), value of capital on cattle (VALCAP), and
Colombian beef per capita consumption (PERCAP).

The discussion of results has been limited to the
majJor explanations of the more appreciable output devia-
tions. The test of some production parameters from Runs
2 through 5 1ndicates that the initial proportion of graz-
ing land in artificial pasture is quite important 1n deter-
mining the performance of the model. Results of Run 3
are the same as those of traditional management under "worst"
nutrition conditions.;/ This means that farmers are not

metivated to adopt the new production methods. The higher

1 ; . s

—/”WOrst” and "best" nutrition conditions as used
in this analysis are related to the initial proportion of
land in artificial pastures.
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cost of planting a larger area in artificial grasses lessens
the relative profitability differential of improved over
traditional cattle production to a value that is below the
minimum set in the model hefore 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 Eguation 5.37). This seems to be an unrealistic behavior
of the model that may reguire further consideration since this
implies that ten years of campaign promotion do not produce
any traceable effect in the region, or that farmers are un-
able to take advantage of profit opportunities by themselves.
Increasing the proportion of cows milked (Run 2} increases
cattle income but decreases the relative profitability dif-
ferential of improved over traditional cattle production.
Aithough this slows the adoption of Ilmproved management
practices, the impact on the cutput variabhles is not sig-
nificant. While controlling the rate of animal transfer

from traditional to modern has no major effect on most of

the output variables (Run 4), the volume of iliegal exports
has an important effect on the performance of the medel

(Run 5). In general, given the moderately inelastic price
elasticity of demand for beef (-0.7), changes in domestic
supply have an impact on prices'which, in turn, significantly
affect the overall performance of the model. This effect
will be discussed in more detall in the next chapter as part

of the policy oxperiments.
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Runs 6~-11 test the sensitivity of & number of land
alloeation cceefficients. Of the land allocaticn coeflficients
the profitability response parameters are the most sensitive
{Runs 6-8), particularly the adoption response threshold
parameter {(E9 in Run 7). Although in Run 7 the relative
profitability differential of Improved over traditiocnal cattle
preoducticn 1s greater than one after 1975, its output is the
same as that of traditional management under "best" nutri-
tional conditicns. This performance experiences the same
unrealistic behavior of Bun 3 that was discussed earlier.

The parametér controlling the response rate (EB) and the dis-
count rate appear to be somewhat sensitive (Runs © and 8).

& look at Pigure IL.1 in Chapter 5 will explain why increases
in E9 have greater consequenceg on model output than de-
creases in EB8. Since traditional and modern cattle profit-
ahilities are not too far apart, the modern alternative is
not too far out on the PDR axis, so the response is nearly

at its asymptotlic minimum. Increases in the threshold, i.e.,
shifting the curve to the right, has greater consequences
than flattening the whole curve by decreasing the response
rate. This is & fortunate circumstance since it 1s easier

to determine the threshold than the response rate.

The parameters tested in the last three runs of thig
group (Runs 9~11) affect the transition response of grass-
lands by changing the cash flow position of farmers and
their balances avallable for investment. Decreasing total

cash balances in the cattle subsector by decreasing the
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internal transfer of capital is of llttle conseguence 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 1its effect on the cutput of the model is nil.i/ Since
the modernization deecisions are dominated by the profita-
bility response and adoptlon rate parameters, an increased
availability of capital for investment at the bteginning of
modernization does not have any effect on the model's
performance. Later in the simulaticon period fthe consump-
tion expenditures of the Base Run and Run 11 are equal as
the coefficient determining the proportion of gross income
that is consumed {(C261 in Equation 9.12b) reaches its lower
bound of .25 in both runs. Although the consequences of
decreaging 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 ecriteria variables is not significant.

Despite the apparently low sensitivity of model
output to changes in the consumption or living expenditures
variable (EXLIV)}, this is an area that requires more care-
ful consideration and refinement because of i1ts welfare

effects and its importance in making decisions at the farm

level.

l/Since the exponential curve of Equatlion ¢.12b is
negatively sloped, any increase in C263 1ias reflected in a
decrease in the variable ALPHZ2.
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20 percent of the rice is grown in the uplandz and average
prices and yields have to be adjusted accordingly. Although
income from crops is increased, this effect 1s of little coh—
sequence in the model.

The time lag constants tested in Run 16 appear to
be quite sensitive. These parameters are used in the model
in the exponential smoocthing or averaging of prices, costs,
and yields on which farmers base their expectations of
future income streams. Reducing thesge time delays nakes
farmers respond more guickly to changing economic conditions
and their decisions are then reflected in the model's out-
put. Defermining the length of smoothing time constants
appears to be of utmost importance forrplausible mode i
behavior. In soms instances during the validation and policy
experiments we have been confronted with the paradox of
farmers percelving profitable conditions for moderniza-
tion even when they are actually experiencing losses in the
modern operation. This apparent noneconomic behavior points
out the need for refining some formulations in the model in
order o determine a more consistent respconse to situations
of rising and declining profits. Changes in profits may
lead to reorganization of the cattle enterprise by moving to
different producticon functions.

The initial cattle and land parameters tested in
Runs 17 and 18 appear to be duite sensitive, As might be
expected, reducing the land base has a drastic effect on

the animal population that can be supported in the region,

h
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These results suggest the usefulness, for the purposes of
this model, of obtaining accurate cattle inventories and

tand surveys.

Summary

In closing thils chapter we can summarize some general
observations and conclusions. Income from crops remains
falrly stable fthroughout all runs with the notable exceptions
of Runs 1% and 15. The major source of variation in Run 14
arises from changes in the relative profitability differentiasl
between cash crop and cattle production in the uplands {sub-
region 1). Through the land allocation mechanism of Eguation
5.21 these changes have consequences on the total land in
crops and conseguently on thelr aggregated income. - The
pollicy implications of this effect will bhe discussed in the
next chapter.

Cattle population in the region (TOPOPR) is, as ex-
pected, greatly influenced by the nutritional base. Nutri-
tional conditions are affected, among other things, by the
initial alloeation of artificial pasture fo grasslands and
by the rate at which land modernization takes place, if
any. The sensitivity tests suggest that the estimate of
20 percent of grassliands in artificial pastures provided by

/ 2/

is biased downward, and that the FAQO~" estimate

DANE in 1968%

;/DANE, Encuesta Agropecuaria Nacional 1968, (Bogota,

April 1970), p. 6.
2/

= United Natlons, Food and Agriculture Organization,
Livestock in Latin America: Status, Problems and Prospects-
Colombia, 1952, p. 14,
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is more consistent with cattle censuses. A comparison of
DANE estimates on cattle numbers from Table ITII.6 on
page 237 with the output of Run 3 indicates that the latter
is 12 and 22 percent lower than DANE's for 19635 and 1970,
respectively, while deviations of the base run which uses
the FAO estimate (45 pefcent) from DANE'!'s data ave +.08
and ~6 perceﬁt, respectively. Herd size greatly influences
off-take and market prices which, through interactive effecis
in the model, determine farm income from cattle {(FARILA),
government revenues {(GOVREVA), value of land (VLAND},
value of capital in cattle (VALCAP), and Colombian beef
consumption per capilta (PERCAP)._ Feedback effects of price
changes caused by variations in supply and demand, and/or
by changes in markeiing margins determine farmers' decisions
on farm management and investments whnich, in turn, affect
cattle numbers. When domestic beel supply ié increased in
Run 5 by reducing 1llegal exporis 50 percent, all long
run performance variables depending on cattle decrease;
after short run price declines, consumers become worse off
as the lower price curtalls cattle population and output and
ralses price.

Changes in costs of production as shown in Run 14
have a major impact on farmers' income, Thelr capability
to carry on land improvements, and their attitudes toward
modernization that must be taken into gccount when deciding
ont peliclies to improve cattle producﬁion. Subjective expecta-

tions of farmers toward Iuture prices, costs, and yields aliso

;Jﬁ!l
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have an important role in determining model output as shown
in Bun 16. 1In 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 vaiue. Accumulated
income smoothes the annual cosclllations of revenues from
cattle and does not help in showing the cash flow positiocon
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, prepeorfion of land in artificilal
pastures, the marketing margin of animal sales, initial
cattle inventories, land surveys, cattle traded at the
border, and behavioral responses of farmefs. In thls chapter
we have seen how sensitivity tests provide essential informa-
tion for model builiding and validation bty polnting out
possible programming and modeling errors and by contri-
buting to a better understanding of the model itself as
weil as of the system it 1s simulating. Sensitlvity
analyses may also be used to examlne potential policies
and to suggest priorities for data collection. The detailéd
analyses of the runs testing 45 selected parameters pre-

sented here illustrate these capabilities.



PART IV

MODEL APPLICATION IN DECISION MAKING

Introduction

The problems of planning for economic development
are characterized by the uncertainty necessarily lnherent
in any process of planning for the future. Thils uncertainty
arises both from the quantity and gquality 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 iﬁ 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 sftructural relation—
ships and by projecting time paths of behavior? provides
at least some of the flexiblility necessary to deal with
the complexity and uncertainty of planning.

Chapter 12, in reporting and analyzing the results.
bf a series of policy runs, 1llustrates how the model
could be used 1n actual plannling sltuations. Chapter 13
concludes the dissertation with a summary of results and a
discussion of needed improvements and extensions of the

current model.
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CHAPTER 12

POLICY EXPERIMENTS ON THE NORTHERN

COLOMBIA BEEF INDUSTRY

A system simulation model can be useful to policy
makers in two principal ways: Ilmproving thelr understand-
ing of the sociceconomic 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 sociceconomic
system of concern.l

The goals of development are part of a country's
political process and, once established, policies must be
defined for their attainment. Thus, the definiltion of
policies is an important input to the policy-making
process represented by the system simulation model. The
computerized simulation model allows experimentation with
alternative strategies of development under various assump-
tions, and then compariscn_of their likely outcomes. A
set of plans or strategies are considered ac¢ceptable 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 befween

262



263

policy makers and researchers, goals may be set to more
attainable levels or redeflned toward the sétjﬂractlon of
more urgent needs indicated by the slmulatlon results.

This chapter discusses a set of cattle development policies
and presents an analysis of the results of a serles of

deterministic policy runs.

Policy Experimentation

The policies selected for this analysis are elither
currently in use or their implementation is belng considered
by the Colombian government as a means oi attaining a
diversity of objectives which are, more often than not,
competitive.l/ Examples of these objectives are: creaticn
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, ecredit for development, price and export
targets, c¢rops modernization, and cattle export incentives.
With few exceptions, these issues have been unresolved

controversial issues between the government and interested

groups .

1/n

=" The analysis was made following very limited
interaction with Colompbian peclicy makers, though official
policies were known through several published sources.



264

Although this dissertation is concerned with the
Costa region, some of the policies tested have national
implicatlons since their implementation would'not be
restricted to This region. Furthermore, cattle production
in the Costa weighs heavily in Colombilan 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 pericd, which is a part of the
model's historical validation, includes the execution of
both a cattle‘development plan as well as a disease control
program. Second, we wanted to try a retrospectlve pre-
diction of the likely consequences of starting the develop-
ment plan in 1966 under a set of policies different from
thoge prevalling at the time. Progpective predictions
(forecasting) are considered after 1973 and projections
are carried as far as 1985 to give the long-run diffusion

response to the productlon campalgn time to exert its

major impact.
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TABLE IV.1. Policy Simulation Runs.

Rﬁn

Run
No.[SetsiRun Definition

l‘ all{Standard Run--disease control; modernization of
cattle production; normal land and cattle taxes;
current cradit terms; current export subsidy and
fluctuating exchange rate; low export target and
high world price; no modernizaticn of crops or
rest of national herd.

2 1 |No dilsease control campaign for the traditional
herd.

3 1 | Increased government expenditures in foot-and-mouth
disease control by 25 percent from year 1971,
Taxes on cattle cutoff at years 1970 and 1972.

5 Property tax increased at year 1970.

6 Reduced interest rate on development credits from
year 1966,

T 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 L |Cattle exports set at intermediate target from
year 1G74.

11 4 jCattle exports set at high target from year 1974.

12y 4,7VRun 11 with f1xed exchange rate at Ps 25 and low
world price, plus modernization of rest of national
herd from year 1975. _

13 5 |Modernization of cash and food crops from 1972~
1976.

14 6 {Combines Run 4, Run 6 and Run 7.

15 6 |{Combines Run § and Run 9.

16 & |Combines Run 14 and Run 15 plus growth of rest of
national herd at 5 percent from year 1975 and high
export target.

17 7 |Run 11 with low world price after year 1974.

18l 7 JRun_ll with moderate world price after year 1974,
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TABLE IV.1l. (continued)

Run|Run .

No. {Sets|Run Definition
19| 7 |Run 17 with export subsidy cutoff at year 1975.
20 Y {Run 17 with fixed exchange rate at Ps 25.
21 7 jBun 17 with export subsidy cutoff at year 1975

plus modernigzation of rest
year 1975,

of national herd from
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With simulation, it 1s possible to increase the
complexity of the combinatlon of policies tested and at
the same f£ime keep the output format flexible enocugh to
permit anaiysis of aggregated macroeconomic variables or
the 1nvestigation of responses at & 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 ferms of repayment)} can be added succesively
to investigate interactive effects. The 21 ﬁolicy runs
are organized to take advantage of these capabilities
and they are grouped into seven sets (Table IV.1l). All
seven sets include Run 1, the base run, as a standard
point of reference. The base run projects likely performance
of alternative 2 under current policies and assumes that
the non-Costa cattle population grows at 2.85 percent
annually.

The output measures selected for these experiments
provide information about relevant parameters at both the
macro- and micro-economic levels. Annual variations in
private and government revenues, capital formation and
beef consumption resulting from the implementation of dif-
Terent poiicies can be examined in each set of runs. But
the more simple evaluations of run sets 1 and 7 each use
only the criteria variables {(described below) considered

most relevant for this analysis.
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The performance variables of Runs 4 through 16
(sets 2, 3 and 4) include cattle population in the Costa
(TOPOPR), Colombian beef consumption per capita (PERCAP),
annual farm income from cattle (FARIL), average per
hectare capitalized value of land (VLANDH), and annual
government révenues from cattle (GOVREV). In this analysis,
annual value of revenues and per unit value of land were
considered more meaningful than the accumulatéd 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 disserfation, but they
are only a_small sample of the many output variables
actually produced or that can be produced ih the model.
The following sections analyze and graphically depict

the results of the 21 policy experiments.

Policies Related to Disease Control

Disease control, particularly for foot-and-mouth
disease, have a major impact on the good health of cattle
and the corresponding size and productivity of the Costa
beef industry. In the first set of 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
tregtment cost of Ps 4.50/animal is assumed). Run 7
explores the effect of maintaining precampaign disease
control practices in the traditional herd. Run 3
investigates the results of increasing government
expenditureé 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 parasifes.

The effect of upgrading disease contrel 1in the
traditional herd {(Run 1) is to increase cattie 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.1 and IV.2. But this is a shqrt—term effect;
if modernization proceeds steadily in the long run, output
from Run 2 will approach that of Run 1 sincé the modern
herd, treated with improved control practices, increases
both absclutely and relatively. But this is not to say
there should not be & disease control program. The
-advantages of starting this program early are many. On
one account, eradicating brucellosié will increase not
only the ocutput of calves and milk 1in ﬁhe traditional
herd but in the modern herd as well since more females

free from the disease are transferred to the latter.
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Run Definitions

1. Disease control, modernization of cattle
productlion and continuation of present trends
and policies (base run).

2. No disease control campalgn in the traditionsil

herd.
3. Increased government expenditures in foot-and-
11 mouth control by 25 percent from year 1971.
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Run 3
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Figure IV.1l. Cattle population in the Costa with
and without a disease control program,
1965-1685.
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RHun Definitions

1. Disease control, modernization of cattle pro-
duction and continuation of present trends and
policies (base run). A

No disease contrcl in the traditicnal herd.
Increased government expenditures in foot-and-
mouth control by 25 percent from year 1971.

(USR]

25 +

Runs 1,2,3
10 4+
5 4
1965 1970 1975 1980 1985

Figure IV.2. Extraction ratio from the Costa cattle
herd with and without a disease control
program, 1965-198%5.
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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 early 1in the campaign, but after
1975 this run assumes the same trend as Run 1 although
populaticn levels are slightly higher.

Increased government expenditures have the initial
effect of accelerating the annual rate at which animals
in the traditional herd are treated, but this slows down
and almost eguals that Qf Run 1 after the first five years
of the campaign. Thus, 1ts long-run effect on the tradi-
tional herd is small, and increases 1n population depend
more on the rate at which grasslands are modernized and
animals are traﬁsferred accordingly.

The projected catile populaticn is slightly higher
in Run 3 because of differences in the long-term moderni-
zation responses of farmers which result from the varying
expectations abhout future income streams. Such expecta-
tions are higher in Run 2 than in Run 1 throughout the
planning horizon. Thils results in a highef rate of land
modernlzation In Run 3 than in Run 1 which, 1in turn,

alffects 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 1ts contributions to
governmental revenues greatly out of proportion to the
sector's importance, a special scheme hag been devised for
"the purpose of taxing the industry more effectively. These
taxes (described in detail in Chapter 2) include a con-
sumnption tax, a selective inventory tax, and a general
inventory tax. Although\Law 26 of 1959 enacted the
general inventory tax until 1970, Law 42 cof 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 conseguences of inereasing the
land or property tax from the current level of 4.2 mills
to 14.2 mills. The property tax is the main source of
municipal revenues, and it has remained at 4.2 mills
since 1948. Although in recent years there has been a
large number of proposals and laws to utilize the

property tax, both as a measure to increase government

l-/‘l‘he 1972 proposed legislation on presumptive

taxation of agriculture intends to alieviate 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 eilther never implemented or never put into effect [30].
In 1968, when the Musgrave Mission [11] presented 1ts proposal
for tax refgrm, the Colombian government agaln considered =&
change in the structure of the property tax, and in 1969 a
surcharge of 10 mills {1 percent of the assessed value of
land) was proposed for the purpose'of financing public educa-
tion.;/ 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 variablés 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 whille
increasing by 3.4 times the tax rate on the assessed value of
land results in a 29 pefcent increase in government revenue
over the base run by 1985. But when the land tax remains
at its current rate of 4.2 mills in Run 4 while the special
cattle taxes are cuft off after 1970, government revenue

falls 80 percent below the base run in 1985 (Figure IV.7).

£/Rodrigo Llorente, El Desafio de un Pueblo en
Degarrollo, (Bogota: Editorial Andes, 1972), p. 273
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Althéugh 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 1is
a major regional source of government income from the cattle
subsector (not considering income and net worth taxesg). We
can ceonelude that eliminating the special faxes on cattle
would lilkely produce a big loss in government revenue unless
this losgss 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 fhe model
affecting the output of alil 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 introcduces z 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, 1.e., Run 5
at the top and Run 4 at the bottém (Figures IV.3 and IV.4).
Fer capita consumption is used here as a measure of the
effect of indreasing 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 doméstic 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 1s forced into
the regional model. Lower prices arising from lncreased supplies
have the effect of improving the consumef'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, slnce
low prices reduce incentives to inerease output through mederni-
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 makefs consider
alternative strategies for development.

Annual cattle populations for the various runs depend
on their projected compogsition as traditional and modern. As
stated, differences In herd size are produced by varying
rates of land modernizatlon caused by dlfferences 1n the

farmers' long-term modernization responses. While 1t is
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true that cutting off the special taxes Increases income and
leaves the farmer with more oapital avallable for investment
in farm improﬁements, (and possibly a higher rate of moderni-
zatlion) the actual rate is smaller. This paradox can be
explained by examining the dynamice nature of the farmers’
declsion-making process. We have conceptualized that the
rate of land modernization eannot be higher than the rate at
whieh land enters modernlzation due to promotion and diffusiocon,
and that this rate depends upon the farmers'.perception of
the relative profitability of the modern operatiocn 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, inereasing the property tax reverses the situation
described above, causing the perceived relative profitability
of the modern operation and the resulting rate of land
modernizatidn to be higher in Run 5. Although these results
apparently give support to those advocating increased land
taxes 1n order to encourage an improved land utilization, no

definite conclusions can be drawn at this point.
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Aggregate farm income from cattlel/ sharply increéses
in all cases from 1965 to 1975 showing the effect of moderni-
zation and rising prices. It then decreases rapidly (Figure
IV.5). From 1966 to 1980 the time paths of the three runs
are parallel with Run 4 at the top and Run 5 at the bottom
as expected. But after 1980, Runs 1 and 5 reverse the trend
while that of Run 4 continues downwards. The behavior of
this performance variable is responsive to the interaction
of several other variables in the model. As stated, the sharp
increase in income from 1965 to 1975 colncides 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'i976 (when payments
of development credit cease) causes a decline 1n income from
1975 to 1980. After 1980, increases in total demand more
Tthan offset the initlal impact of increased supplies and
prices regaln the upward trend of the period 1970-1975.

Rapid rising prices and decreasing indebtness from develop-
ment c¢redits cause lncome to become an upward trend
after 1680 in Runs 1 and 5. Furthermore, given the

structure of the model, land modernizatlon stops altogether

l-/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 eiceed the value of sales and transfers
from the crop sub-sector, cutting off the availability of
capital.for investment. In this case, commercial credif makes
up the difference to cover coperating costs and/or living expendi-
tures.

A1though Run 4 experiences the same trends in price
and indebthess, 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 modernizatlon proceeds for a longer
period in this run, though at a lower rate, before it ceases.
This results 1n lower acreage in modern land, but extended
establishment costs throughout the period 1980-~1985. This
behavior may suggest that, after 1985 when modernlzation stops,
the downtrend of Run 4 could be tapered off ér even reversed,
Only by making projections after 1985 will this behavior be
known with certainty.

Finally, the per hectare capitalized value of land
follows very closely the pattern of farm income (Figure IV.6).
Although the value of a hectare in modern grazing (based on
its amortized annual average returns)} is much higher (about
double) than a hectare of traditional grazing, the relative
proportion of the former in the total grazing land 1s so¢ small
during the simulation that changes in the composition of acreage

in grazing have less effect on the capitalized land value of
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Run Definitions

1. Disease control, modernlzation of cattle produc-

" tion, current land and cattle taxes and continua-
tion of present trends and policies (base run).
Taxes on cattle cut off at years 1970 and 1972.

5. Property tax increased to 14.2 mills at year 1970.

By
.

Run 5

Run 1

3
1965 1970 1975 1980 1985

Figure IV.3. Cattle population in the Costa under
various taxing policies, 1965-1985.
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Run Definltlons

1. Disease control, modernization of cattle pro-
ducticn, current land and cattle taxes and con-
tinuation of present trends and policies (base
run). :

. Taxes on cattle cut off at years 1970 and 1g672.

5. Property tax increased to 14.2 mills at year

1970.
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+
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1965 1370 1975 1980 1985

Figure IV.4. Beef consumption per capita of the
Colombian population under various
taxing policiles, 1965-1985.
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Aggregated farm income from cattlg
production 1n the Costa under various
taxing policies, 1965-1G85.
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Run Definitions

1. Disease conﬁrol modernization of cattle produc-
tilon, current land and cattle taxes and con-
tihuation of present trends and pclicies (base
runy.

4. Taxes on cattle cut off at years 1970 and 1572.

5. Property tax increased to 14.2 mills at year 1G70.
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Figure IV.6. Average per hectare capitalired value

of grazing land in the Costa under
various taxing policies, 1965-1985,
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Run Definitions

1. Disease control, modernizaticn of cattle produc-
tion, current land and cattle taxes and continua-
tion of present trends and policies {base run).

4. Taxes on cattle cut coff at years 1970 and 1972.

5. Property tax increased to 14.2 mills at year

1970.

un 5

Runs 1,4,5

Run 4

65 1970 1975 1980 1985

Figure 1IV.7. Annual government revenues from cattile
producticn in the Costa under wvarious
taxing policies, 1565-1985.
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the region., Yet as modernlzation proceeds and the area 1n
modern land increases (both absolutely and relatively), its
impaet on the average value of land will be greater. While
it 1s 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 Reiated 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 pergent, a four-year grace period, eight years
for repayment, and borrowing ranchers participating with 20
percent of the estimated cost. The total budget for the

credit program 1s assumed to be Ps 750 million spread over



286

a tenyear period (see Figure II1.8). And precampalgn promotion
is assumed to be 3,000 units of promotion spread over an
eight-year period (see Figure II.B).l/ Run 6 compares the
effect of reducing the interest rate to 10 pefcent during

the life of the program. Run 7 explores the effect of in-
creasing the grace period to five years and the repayment
period to ten years.

The remaining runs of this set examine policles of
a more macroeconomic nature. Run 8 explores the effect of
increasing the allocation of credit funds up to Ps 1,125
million over the same ten-year period. And finally, Run 9
investigates the effect of increasing the units of campaign
promotion to 4,500 man-year equivalents over the same eight-
year perilod.

The most striklng observation that can be made about
this set of runs is that Run 8 (increased funding for develop-
ment credit) prcoduces results practically identical with those
for the base run, and that results from Runs 7 and 9 Umproved
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 exceptlon 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).

1/

= One unit is equivalent to one man-year with annual
cost of Ps 20,000,
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The almost identicai results (differences are so
small they can't be detected in the graph) for Runs 1 and
8 indicate that allocating 50 percent more funds for develop-
ment credit over a period of ten years has practically no
effect on the output of the model. While it is true that
farmers use more credit when it 1s avallable and that more
of their cash balances are used to complement credit payments,
the total area in modern land 1s not affected. 1t ig the
same in both runs. Runs 1 and 8 generate the same rate of
land modernization which means that, given the present
model's structure, more avallable credit does not affect
farmers' decisions. This is to say that more avallable
credit does not change farmers' perception of relative profita-
bility nor their threshold and response rate parameters. |
Recalling the modernization mechanism in the model, we see
that these parameters are used to simulate a wide wvariety 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-
cfeasing government funds for modernization do not have major
impacts on development.

As stated above, the projected time paths of Runs 7
and 9 are very close and produce virtually the same results.
Initially, the rate of modernization 1s dominated by the
relatively higher net returns expected throughout the planning
horizon when the debt burden is spread over a longer period,

but, after a few years, the promotion effort builds and its
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effect outweighs that of the relative profitabllities
to produce a higher rate cf modernization in Run 9 than in
Run 7. Yet after 1973 when promotion ceases, the moderniza-
tion decislons are based exclusively on the reélative differences
of the net present values and the other behavioral parameters,
and as a result more land is modernized in Run 7 than in Run 9.
Ag discussed 1n the previous séction, the projected
time paths of the five performance variables respond to the
interactive effects of changes in use of modern land. This
interactive effect is more easily seen In the changing order
of cattle numbers in Runs 7 and 9 which follow the varying
rates of land modernization discussed above (Figure IV.8).
Farm income behavior is more complicated since there are more
factors involved. From 1965 to 1973 1t is higher in Run 7
than in Run 9 as a result ¢f the extended grace period on the
develcpment credit and less expenditures on land modernization
by the end of the period. Then follows a period when increased
modernization demands more expenditures in Run 7 than in Run 9
and aggregate income in the former drops below the latter
(Figure IV.10). The increasing and decreasing trends 1in this
variable have been dlscussed. The capitalized value of land
is a reflection of farm income although, 1n the final period
of the run, larger values of tradlitlional land increase average
assessed land value in Run 7. This is the effect of the
capitalized higher price of cattle in Run 7 resulting from

lower supplles as shown in Figure IV.9., Finally, government



289

revenues follow from cattle inventories, sales and assessed
land values {Figures IV.1ll 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, consumptlion per capita and government revenues are
consistently higher in Run 6 than in the other runs. Farm
income, however, 1s the lowest in Run 6 from 1966 to 1671,
and then 1s the highest until approximately 1983 when it is
below Runs 7 and 9 but above the base run (Figure IV.10).

Reducing the interest raté 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 above the
other runs. The 1nitial effect of this enhanced rate of
modernization is to decrease farm income relative toc 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 is reduced, the supply
of beef 1s increased as a larger proportion c¢f heavier
animals from the modern herd are slaughtered. Yet this
enlarged beef supply, in turn, lowers the price of cattle
and reinforces the decline 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 1n 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 refiects the varying
pattern of farm lncome 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 1s greatly
influenced by a higher proportion of modern land in the total
grazing land which is 34 percent in Run € comﬁared with 15

percent in Runs 1 and 7, and 22 percent in Run 9 (Figure IV.1l).

Policies Related to Domestic Supply

Pricing policlies 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 domestlc 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 regiqns, if ever
attained, will alsec. be exported. Exports are exogenously
determined according to targets set by the government. Low
target preojections are included in ali runs between 1972 and

1974 (see Table I.1, p.19) but thereafter three different
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Figure IV.8.

Cattle population in the Costa under
varicus promotlon and credit policies,
1365~1585.
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Disease contrcl, modernization of cattle pro-
duction, current credit terms and continuation
of present trends and policies (base run).
Reduced interest rate on development c¢redits
from year 1966.

Increased terms of repayment on develorment
credits from year 1966.

Increased funding for development credlt from
1966 to 1976.

Increased units of modernization prometion from
1965 to 1973.
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Figure 1IV.9., Beef consumption per capita of the

Colombian population under varicus pro-
motion and credit policies, 1965-1985.
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Kun Definitions

1. Disease control, modernization of cattle pro-
duction, current credit terms and continua-
tion of present trends and policies (base run).
Reduced Interest rate on development credits
from year 1366.

Inereased terms of repayment on development
credits from year 1366. ,

Increased funding for development credit from
1366 to 1976.

Increased units of modernization promotion from
1965 to 1973.
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Figure IV.10. Aggregated farm income from cattle
‘production in the Costa under various
promoticn and credit policies, 1965-
1985.
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Run Definitions

1. Disease control, modernization of cattle pro-
ducticn, current credit terms and continuation
of present trends and poliecles (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 toc 1976.

9, Increased units of modernization promotion from

2,500 A

2,000

1,500 4

1,000

500 4 v\\

1965 to 1973.

All runs

[ ] J -

196%

T 1

1970 1975 1980 1985

Figure IV.11. Average per hectare capitalized value

of prrazing land 1n the Coota under
virlous promotlon and ceredit polleles,

lu6s-14985,
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Run Definitions

1. Disease control, modernization of cattle pro-
duction, current credit terms and continuation
of present trends and policies (base run).

£. Reduced interest rate on development credits
from year 1966.

7. TInecreased terms of repayment on development
credits from year 1966. _

§. Increased funding for development credit from
1966 to 1976.

Q. Increased units cf medernization promotion from
1965 to 1973.
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Figure IV.12.

Annual government revenues from catile
producticn in the Costa under various
promotion and credit policies, 1965-

1985,
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targets are tested In the model. The base run continues

projecting exports at a low level (329 thousand head annually),

Run 10 makes projections at an intermediate level (486
thousand head annually), and RBun 11 at a high level (692
thousand head annually) [35]. Run 12 compares the effect of
attaining a high export target at the same time that the
cattle herd in the other four producing regions is gfowing
at 5 percent annually. At the time the simulation runs were
completed, details of the new cattle development plan were
released setting a revised export target at one million head
annually by 1990, but due to time constraints this was not

included in the study.if

Illegal exports are'kept constant
in all runs at 300 thousand head annually.

The effect of setting up low, intermediate and high
export targets accompanied or not by programs to develop the
cattle herd in the rest of the country results in striking
differences in outputs. In Pigure IV.14 we see that the
major contributor to high consumption per capita is the
development of the cattle herd in the rest of the country
beginning in 1975, even after sustaining the export of 692
thousand head énnually. The lowest consumptlion per capita

is attained in Run 11 with high export target and "normal”

growth of the non-Costa herd,

/81 Espectador, (Bogota), July 8, 1973.
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Total (national) cattle population is the highest
in Bun 12 as expected, desplte a substantial decline in the
Costa inventories after 1975 (Figure IV.13). Yet, the non;
Costa cattle projections for this run reveal unrealistic
internal inconsistencies., In one account, the same condi~
tions that discourage cattle production in the Costa might
exist in the other producing reglions, resulting in a lower
or even zero rate of mcdernization. Likewise, the 5 percent
annual rate of growth assumed in the government plan seems
to be unrealistically high since the growth of the Costa
herd in the base run has been about 1.6 percent for the
period 1960-1985, and about 2.2 percent annually during
1660~1875, the period of the fastest growth.

The rising trend in the Costa cattle population of
Run 12 (Figure 1IV.13) tapers off after 197% and turns down
after 1980 ending the projection with 8 percent fewer cattle
than the other runs. The substantial lnecrease in beef supply
after 1975 causes a sharp decline in cattle prices (price of
finished males are U5 percent lower in Run 12 than in Run 1
by 1985) that first reduces the comparative advantage of the
modern operation and later turns it into a loss. At this
point land and cattle are transferred back to traditional
practices, and the nutritional imbalance causéd by these
shifts fosters sales that further depress prices. We must
recall that the modernization mechanism in the model will
return land to traditional management when the perceived

relative profitability (net present values) becomes negative
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indicating that the discounted returns at the base year

for traditional cattle are higher than those of mcdern

throughout the planning horizon. Therefore, the declining

profitabilities discussed above, through their interactive

effects in the model, result 1n reduced and early cessation

of modernization, reversion of land énd animals from modern

to traditional, and finally in lower cattle inventories.
Despite larger lncomes from higher cattle prices in

Runs 10 and 11 than in Run 1, the projected rates of land

modernization are very close and, as a result, the Costa

cattle population is virtually the same in these runs.

The reason for this is twofold: (1) discounted net returns

in each base year from traditlonal and modern cattle

experience about equal proportional increases for higher

prices apply to sales from both operations. Consequently,

the percelved relative profitabilities that are part of the

modernization's decision mechanlsm remaln very close in thelr

time paths, and (2) the final rate of modernization 1is dominated

by the behavioral responses of farmers desplfe 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 availlable for modernization. Yet we can

speculate that projections after 1985 might show a higher

population in Run 11 as modernlzatlon expands because of the

increased liquidity of farmers at a time when that of the other

runs has been reduced. It is also worth noting that the higher

average discounted returns from cattle in Runs 10 and 11 also

have an effect on land use, reducing the area 1n crops in
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the region. This estimated effect, through the land
allocative mechanism in the model, and its possible 1nac-
curacies will be discussed in the next section on crop
mcdernization.

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 attailned,
followed in order by Runs 10, 1 and 12. Farm-income Iin Run
12 not only falls sharply after 1975 when increased cattle
cutputs from non-Costa regions are marketed, but alsc 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 qnder these
circumastances farmers reorganize their business, returning
land and cattle from modern to tradltional management, the
model does not provide adeguately for reorganizing production
by reducing expenditures or, more drastically, going out of
btusiness. Contrarily, the upper bound on sales and the
dominance of nutriticnal factors bullt into the sales mechanism
precliude a liguidation 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
ilnvegtment and disinvestment;l/

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 traditlonal land on the weighted
average of land in the region. The value of land in Run 12
‘éecreases sharply after 1975 until it reaches ﬁhe salvage
value of one peso assumed in the model when income becomes
negative, |

Government revenues (Figure IV.17) are agaln the
highest in Run 11 and the lowest in Run 12. Higher govern-
ment revenues in Runs 10 and 1l 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

1s produced by reduced cattle inventories and mostly by lower

assessed land values.

Policies Related to Crop Modernization

RBun 13 attempts to highlight the interactive effects
of inc¢reasing the productlon of cash and food crops via
extension efforts to introduce new seed varieties and 1lmproved
cultural practices, improving average cash crop yilelds in
lowlands and uplands to 2,900 and 1,650 kg./ha., respectively,

and average food crop ylelds to 10,000 kg./ha. This run

l-/In turn, this need indicates a disclplinary need
for econemists to develop a user cost theory as a basis for
improved modeling of investment and disinvestment.
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Run Definitions

1. Disease control, modernization of cattle pro-
duction, low export target and continuation of
present trends and policies {(base run).

10. Cgttle exports set at intermediate target from
year 1974,

11. Cattle exports set at high target from year 1674.

12. Cattle exports set at high target from year 1974
plus modernigation of rest ol naticnal herd from
year 1975. :
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Run 12

Runs 1,10,11

Non-Costa Population

Runs 1,10,11
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uns 1,10,11,12
Costa Population
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Figure IV.13. Cattle population 1n the Costa and the

rest of Cclombia under various domestic.
supply policies, 1965-1985.
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Run Definitions

1. Disease control, modernization of cattle pro-
ducticn, low export target and continuation of
present trends and policies {(base run).

10, Cattle exports set at intermediate target from
year 1974,
1i1. Cattle exports set at high target from year 1974,
12. Cattle exports set at high target from year 1974
plus modernization of rest of national herd from
T year 1975.
Run 12
+
Run 10
Run 11
4 } + i
1965 1970 1975 1980 1985
Figpure 1V.LAD Beef! consumpllon per caplta of the

Colombian populatlion under various
domestic supply policles, 1965-1985.
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Run Definitions

1. Disease control, modernization of cattle pro-
duction, low export target and continuation of
present trends and policies (base runj).

10. Cattle exports set at Intermedlate target from
year 1974,

11. Cattle exports set at high target from year 1974.

12. Cattle exports set at high target from year 1974
plus modernigation of rest of national herd from

year 1975,

3,000-|-
Run 11

2,500 T

Runs 11,12
2,000 4

Run 10
1,500 4 Run 1

1,000 4
500 4

Runs 1,10,11,12

} } { |
1965 1970 1975 1980 1985

Figure 1V.15%. Aggregated farm income from cattle

production in the Costa under various
domestic supply policies, 1965-1985,
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Run Definitions

3,000 4

2,500 1

2,000 1

1,500 1

1,000 4

1. Disease control, mcdernization of cattle pro-
duction, low export target and continuation of
present trends and policies (base run).

10. Cattle exports set at intermediate target from
year 1974,

11. Cattle exports set at high target from year 1974,

12. Cattle exports set at high tgreget from year 1974

pius modernization of rest o national herd from
year 1975.

Run 11

Runs 11,12

Run 1

1

Rung 1,10,11,1°2

I e, i

1565 1570 1975 19890 1985

Figure IV.16. Average per hectare capltalized value

of grazing land 1in the Costa under
various domestic supply policles,
1965-1985.
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Run Definitions
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1. Disease control, modernization of cattle pro-
ductlon, low export target and continuation of
present trends and policies (base run).

10. Cattle exports set at intermediate target from
year 1974,

11. Cattle exports set at high target from year
1974.

12. Cattle exports set at high target from year
1974 plus modernization of rest of national
herd from year 1975.

Run 11

Run 10

Runs 11,12

Run 12

N

Runs 1,10,11,12

— 1

1965 1970 1575 1980 1985

Figure IV.17. Annual government revenues from cattle

producticon in the Costa under various
domestic supply peolicies, 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 (Figufe IV.18). When .cash crops are modernized, their
profitability increases relative to that of cattle and
more land 1s transferred from cattle production to crop pro-
duction. As a result, total grazing land decllnes over
time. But the lénd allocation and modernization mechanisms
in the model Iinteract to step up the proportion of modern
land in total grazing land. The effect of the land éllocative
mechanism is to take out land from the least profitable cattle
activity--the traditional in this case--and transfer it to
the most profitable cash crop activity. Meanwhile, the
modernization decision mechanism continues to shift land from
traditional to modern cattle management. If the latter effect
outweighs that of the land allocation, as in Run 13, this
results in a higher proportion of modern pasture land relative
to total pasture land that compensates any loss of grazing
area. Yet 1t is likely that, in the long run, differences

in cattle population will widen as more grazing land is
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modernized in Run 13 after 1985 at a time when modernization
has ceased in the base run. The reason for this 1s the greater
availlability 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 moael assumes g 10 percentl/ interhal 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
thls effect has its major impact in fhe 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 1s domlnated by similarities between the way
farmers' behavioral responses are modeled in both runs.
Although in Run 13 there are conditions for a larger
and faster shift of land from cattle production to crop pro-
duction, the assumptions underlying the land allccation mechanism
prevent profit incentives from exerting a greater impact on
land use. It is assumed that cash crops in the lowlands
expand at a constant 4,500 hectares annually throughout the
gsimulation; this seems to be an unrealistic assumption since

it is 1likely this rate would increase as the profitability

1/

=~ The accuracy of this estimate is highly uncertain.
The rational for using a low proportion of capital transfer
at this point is the current low level of reinvestment in
cattle raising.
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of crops relative to cattle becomes greater. In the uplands
(subregion 1), however, we have reasoned that farmers' deci-
sions to expand (or contract) thelr cash crop acreages are
based on their percelved differences in net present value of
future income streams from lanéd in different uses, and on a
response rate parameter. In the land allocative mechanism,
we see that the effects of revenue differences between the
allowed land uses are reduced by the response rate parameter
which 1s assumed constant in the projected time paths for
the two runs. This also seems to be an unrealistic assump-
tion sinece it is likely that farmers wlll accelerate the rate
of land transfer from pasture to crops as theilr perceived
relative profitabillty becomes larger. As a result, the
impact of relatively greater returng from crops on land
allocation 1s minimized and the final estimate of land in
crops is biased downwards. However, this transfer could be
tapered off or even reversed if the average returns from
cattle approximate or outweigh those from crops.

Although cattle population is slightly higher in
Run 13 than in Run 1, the resulting per capita consumption
is lower during the last five years of the run (Figura Iv.19).
Thls apparent paradox is eXxplained by a higher pasture-to-
animal ratic toward the end of Run 13 thét results in a lower
extraction ratio. In the sales mechanism of the model, the
short-term response in off-take is dominated by nutritional
conditions. Yet it is llkely that the off-take 1in Run 13

will increase in the long run when modernization is completed
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and the cattle herd 1s In equilibrium with the forage
avallable.

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 interactlions discussed 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 credlt program has been cut off. This
downtrend could be tapered off or even reversed 1f 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 1s 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 1is less than that of farm income. This is ex-
plained by the increased weight of modern land in the average
capltalized value of land in the region resulting from the
expansion of modern pasture and the contraction of traditional
one, Finally, govermment revenues are lower 1in Run 13 after
1980 as a result of lower tax collections from cattle sales

and assessed land values (Figure IV.22).
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Run Definitions

1. Disease control, modernization of cattle pro-
ducticon, no modernization of crops and continua-~
tion of present trends and policies (base run).

13. Modgrnization of cash and food crops from 1972-
1976.

R

Runs 1,13

% - i ] ]
1965 1970 1975 1580 1985

Figure IV.18. Cattle pcpulation in the Costa with
and without a crop modernizaticn
program, 1965-1985.
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Run Definitions

3ii

1. Disease control, modernization of cattle pro-
duction, no modernization of crops and con-

tinuation of present trends and policies {(base
run) .
13. Modernigation of cash and feod crops from 1972-
1576. _
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Run 1
50 + Runs 1,13 j
Run 13
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Figure 1IV.19.

Beef consumption per capita of the
Colomblan population with and without
a crop modernization program 1365-1985,
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Run Definitions

1. Disease control, modernization of cattle produc-
tion, no modernization of crops and continuation
of present trends and policies (base run).

13. Modgrnization of cash and food ercops from 1972-
- 15976.
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Figure IV.20. Aggregated farm income from cattle
production 1n the Costa with and
without a crop modernizatlon program,
1965~198%5,
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Bun Definitions
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Disease control, modernization of cattle pro-
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Figure IV.21. Average per hectare capitalized value

of grazing land in the Costa with and
without a crop modernization program,
1965-1985.
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Eun Definitions

1. Disease control, modernization of cattle pro-
duction, no modernization of crops and con-
tinuation of present trends and policies (base
run).

13. Modernization of cash and food crops from 1972-
1976.

Run 1

L L 4 p—

1965 1970 1975 1980 1985

Figure TV.22. Annual government revenues from cattle

production in the Costa with and without
a crop modernization program, 1965-1985.
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Effect of Various Policy Combinations

The set of runs which investigates the consequences
of variocus combinations of policies and programs includes Runs
1, 14, 15 and 16 as defined in Table IV.1l. Briefly, Run 1
projects present trends and policies (the base run); Run 1i4
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 catfle 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
varilables in the model, followed by those of a more macro-
economic nature (Run 15). The combination of these policies
in Run 16, coupled with a program of expanding exports and
growth of the cattle herd in the rest of the country, produce
varying results that go from & steady increase in consumption
per capita to a gradual decline in cattle population in the
Costa and a sharp decline in farm income, land value and
government revenues.

By 1985, total (national) cattle population is 42
million head in Run 16, about 50 and L0 percent higher thkan
in the base run and Run 14, respectively. The cattle popula-
tion in the Costa in Run 16 at first experiences a faster

rate of growth than in the other runs, but this tapers off
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after 1975 when the development of the cattle industry in
the rest of Colombia begins, and in the long run the growth
rate will likely turn down (Figure IV.23). Although the
negative effects of lncreased 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 decreaslng rate although
no more traditional land enters the process of modernization
and conditions exist for a reversion of land from modern to
traditional management. The reason for this is found in-
farmers' delayed response to falling prices and income

which is built into the model. Since the perceived relative
profitabilities are based on exponentlally averaged costs
and prices of the precedlng five years, it takes several
years before the decline in price has its full effect on
expected returns. Increasing prices before the turning
point in 1975 (see Figure IV.28) have the effect of increas-
ing or maintaining averages'in the following base years.
Since the perceived relative profitability in 1985 continues
to be positive and higher than the threshold parameter, it
prevents the operation of the land reversion mechanism
although modernization of new land is stopped by the other
constraints imposed on the modernization declsion mechanism,
Nevertheless, the land in process of modernization from

previous years (the land "stored" in the modernization delay)
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completes 1ts development and enters full modern production
a few years after modernization of new traditional land has
been stopped; as a result, the area in modern land 1ncreases
beyond 1975 and with it the more productive modern herd,
However, it 1s to be expected that In the long run this
process would reverse as discussed earlier in the section
on domestic supply policies in connection with Run 12. It
is highly unlikely that farmers would wait ten years before
changing thelr expectations from profit to loss and start
reorganizing production. This weakness of the model should
be considered more carefully and corrected.

Run 14, which éombines the incentiveés provided to
modernization only, shows a steady uptrend in cattle popula-
tion as a result of a higher and sustalned 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 avallability of development credif to the promotion
effort does not affect the output of the model, This result
was explained in the section on promotion and development
credit policies. |

Consumption per capita 1s 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 deﬁicted in Figure IV.25, aggregated farm income
from cattle is greatly influenced by export policies and
development programs which affect cattle prices and costs
as well as expenditure commitments for farm improvement.
Initially, farﬁ income is inversely related to ﬁhe 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
policles followed., Run 16 shows the effect of increased
prices because of high exports coupled with increased sales
and cost reductions arlsing from the development programs.
When the export target is low and domestilc price drops as
in Runs 1, 14 and 15, the production incentives provided in
Run 14 result in the hilghest farm income. The changing trend
in farm income in Runs 1, 14 and 15 after 1975 is explailned
by different levels of expenditures on land moderﬁization at
the end of the credit for development program. Farm income
in Run 16 sharply decreases after 1975 and becomes negative
after 1980 when increased supplies from the rest of the
country greatlf depress prices—--more than offsetting the
positive effect of the other policies implemented in this run.

In general, the caplitalized value of land (Filgure
IV.26) follows the projected time paths of farm 1lncome.

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 1in 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 cof 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 specilal
taxes on cattle (Run 15). When the speclal taxes are cut
of ff, government revenues are.sharply reduced even though the
other policies implemented in Run 14 substantially increase
revenues from the property tax. But government income is |
the lowest in Run 16 because of the lost revenues from

cattle taxes and very low assessed land values.

Policies Related to Export Promotion

Policies almed 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 inecreasing
the total number of animals demanded, the output of the
study is appropriate for exploring the likely ocutcome of some
world market conditions and/or domestic policies on the
competitiveness of the Colombian cattle industry.

The export promotion policies now in operation were

introduced in 1967 under Decree-Law 444, and those examined
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Run Definitions

1. Disease control, modernization of cattle pro-
duction and continuation of present ftrends and
policies (base run).

14, Combines Run 4, Run & and Run 7.

15. Combines Run 8 and Run 9.

16. Cembines Run 14 and Run 15 plus medernization
of rest of national herd from year 1975 and
high export target.
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Figure IV.?3. Cattle population in the Costa under
various policy conditions, 1965-1985.
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Run Definitions

1, Digease controel, mcdernization of cattle pro-
duction and continuatien of present trends and
policies (base run).

14. Combines Run #, Run 6 and Run 7.

15. Combines Run 8 and Run 9.

16. Combines Run 14 and Run 1% plus modernization of
rest of national herd from year 1975 and high
export target. '
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Figure IV.Z4. Beef consumption per capita of the
Colombian population under various
policy conditions, 1965-1085,
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Run Definitions

1. Disease control, modernization of cattle pro-
duction and continuation of present trends and
policles (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 naticnagl herd from year 1975 and
high export target.
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Figure 1V.25. Aggregated farm income from cattle
production in the Costa under various
volicy conditions, 1965-1985.
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Figure 1V.26. Average per hectare capitalized value

of grazing land in the Costa under
varicus policy conditicns, 1965-1585.
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Run Definitions

1. Disease control, modernization of cattle pro-
duction and continuation of present trends and
policies (base run).

14. Combines Run 4, Run 6 and Run 7.

15. Combines Run & and Run §.

16. Combines Run 14 and Run 15 plus modernization of
240 rest of naticnal herd from year 1275 and high

export target.
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Figure IV.27. Annual government revenues from cattle
production 1n the Costa under various
policy conditions, 1965-1985.
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here at the tax credit certiflcate (CAT) dlecussed 1n
Chapter 2, and a fluctuating exchange rate. The present

15 percent rate of return accruing to exporters through the
CAT scheme 1s subject to annual adjustments depending on
The competitive position of Colombian exports in foreign
markets.

Although sales of live cattle have dominated Colombian
exports, it is assumed that after 1974 only dressed animals
will be exported in the form of frozen carcasses. Therefore,
the three levels of world price considered here are for
frozen beef. The high price assumes that after 1974 the
world price will continue the trend for the period 1670-
1972, one of rapid rising prices (during this two-year period,
the price of Colombian frozen beef increased 38.4 percent
on a yearly basis). The low price assumes that after 1974
the rising trend in world price will be approximately one-
eleventh of the 1970-1972 period. And finally, the moderate
price assumes a rising trend in the world price of about
three-eights of the 1570-1972 pericd. 1In all cases the per
ton price of carcass beef has been converted to a live
animal equivalent by a factor of 4.3. Runs 17 and 18 in-
vestigate the effect of low and moderate world prices,
respectively. 1In the remaining runs, Runs 12, 19, 2C and
2l, policies related to exchange rate, export subsidy and
promotion of cattle production in the rest of the country
are examined under conditions of low world price. Run 19

investigates the effect of cutting off the export subsidy
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after 1975 while maintaining a flexible exchange rate. Run
20 speculates on maintaining export subsidies while returning
to a fixed parity against the dollar when this reaches an
approximate value of Ps 25. Run 12 combines the effect of
maintalning export subsidies and fixing the exchange rate
with an increased growth of the non-Costa herd at 5 percent
annually after 1975, And filnally, 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 internaticnal competlitive pesition
of Colombian beef 1s investigated assuming the least advantageous
conditions in both the domestic and world markets. In the
domestilic market we always assumed high export targets wﬁich
are reflected in higher domestic prices, and in the world
market we assumed low prices in all cases but in Run 18. 1In
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_thatAenacted
by Decree-Law 444 of March 22, 1967. Although Decree W4l also
introduced a fluctuating exchange rate, the sfudy assumes
a return to fixed parity against the dollar when thls reaches
an approximate value of 25 pesos (Runs 12 and 20). Exchange
rate values are trend-like projections computed exogenously

in the model by Eguation 9.18a on page 213.
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As Pigure IV.28 shows, the domestic market price per
finished male 1s greatly affected by pollcies related to
exports and production expansion. When exports arce at a low
level and modernization is limited to the Costa, policies
to increase production (Run 14) result in lower prices than
the base run. If modernization is carried out only in the
Costa with the same development policies as in Runs 1, 10
and 11, the larger export target in Run 11 results in the
highest price. The major contributor to lower prices is
the expansion of cattle population in the rest of the country
as depicted by Run 12,

Although Runs 1, 10, 11 and 14, show a steadily rising
trend through the period 1965 to 1985, the varying time path
at each five-year Iinterval shows the effect of the seven-year
cycle of beef supply from the rest of the country. Run 12
experiences a sharp drop in price after 1975 when the increased
production from the rest of the country herds is marketed.
But an upward trend follows after 1980 which coincides with
a declining path in the long-term supply cycle. Since cattle
productilion is discouraged In the Costa by low prices and
domestic demand is always inecreasing, it is 1likely that in
the long run the price c¢ycle in Run 12 will.have a raising
trend.

From Figure IV.20 we can see that export margins are

congslstent with world prices and with policies affecting domestic
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prices and the pesos equivalent value of exports.= Since
Colombia's current and projected share of the international

beel 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),g/

we assume an infinitely elastic demand for
Colombian exports. This means that Colombian sales to the
world market do not have an impact on world prices and that
beef exports will be traded at the going world price. However,
if Colombia greatly increases its share of the world market in
the future, the above assumption would not hold and conditions
of world supply and demand would have to be more carefully
consldered. When domestic price is high (because of high
exports) and world price is low as shown in Run 17, export
margins are negatlive for a period of about ten years, even if
export subsidlies are paid and the pseo gradually deprecilates
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 margiln
that becomes positive during the last three years of the run.
If world prices are moderate, export subsidles 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.

g-/lf-'u.lstr'a.liam Bureau of Agricultural Economics,

"World Production and Trade," The Beef Sutlatlion, 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 1if ex-
port subsidieées are cut off In 1975, a flexible exchange rate
is not eﬁough to produce positive export marging, although the
upward trend of the last ten years suggests that in the long
run the margin will be positive as the peso further deprecilates.
Yet, as shown in Run 20, exporters are worse off when a
subgidy is paid but the exechange rate is fixed at about Ps
25 to the dollar. The downward trend in thils 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 world prices
after 1975, a flexible exchange rate alone ig sufficient to
cause export marglins to change the downward trend and become
positive. And finally, Run 12 shows that if a fixed exchange
rate 1s used in combination with an export subsidy the export
margin tvakes 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 fthe impact of an
enlarged supply. It 1s 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 Pigure IV.28).
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Run Definitions

1.

10.

11.

12,

14,

]
1

Disease control, modernization of cattle pro-
ductlon, low export target and contilnuation of
present trends and pcllcies (base run).

Cattle exports set at intermediate target from
year 19T74.

Cattle exports set at high export target from
year 1974.

Cattle exports set at high target from year
1974 plus modernization of rest of national herd
from year 1975.

Combines Run 4, Run 6 and Run 7.

RBun 11

Run 10

Run 1

Run 14

Runs 11,12~

Run 172

™~

All runs

| J 1 —

1965

1970 1975 1980 1985

Figure IV.28. Domestic market price of finished males

under varicus policy alternatives, 1965-
1985,
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1 with high export target and low wecrld
1974 plus fixed exchange rate at Ps 25
1 with high export target and low world
1974,

1 with high export target
after 1974,

1l with high export target and low world
1974 plus export subsidy cut off at

and meoderate

1l witn high export target and low world
1974 plus fixed exchange rate at Ps 25,
1 with high export target and low world
1974 plus export subsidy cut off and

modernization of rest of naticnal herd after 1975.

Run 18

Run 21

Run 17
Run 12

Run 19

Run 20

1365

Figure IV.29.
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Competitive position of Colombian

cattle iIn export markets under various
policy alternatives assumlng high
export target and meoderate and low

world beef prices,

1965-1985.

herd from 1975.
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Two comments on the assumptions about the exchange
rate are relevant to this analysis. TFirst, when the exchange
rate 1s flexible or fluctuating, it is assumed fo deprecilate
at 7.28 percent annually precluding any acceleration or
tapering off of this rate over time. BSecond, when the
exchange rate reassumes its fixed parity against the dollar
it remains at about Ps 25 from approximately 1973 untll the
end of the run in 1985. This extended periocd 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 above considerations make the assumptions related to
exchange rates in the model likely unrealistic.

The annual value of the subsidy paid to exporters will
depend on the volume of exports, the world price and the
exchange rate. Gilven 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 1s high, the exchange rate flexible and the
export target high (Run 11) and amount to Ps 5,179 million.
But subsidy payments drop to Ps 1,168 million when world
price is low (Run 17) while exports and exchange rate are
the same as above. 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 1s fixed and the world price is low even though
exports are high (Run 20).

The value of foreign exchange earnings will depend
on the volume of exports and the world price and, therefore,
its anhual proJection will experlence a changing pattern that
will also differ among the various runs according to their
underlying assumptlions. If exports are sustained at a high
level, the proJected value of foreign exchange earnings in
1985 will be $144.3 million when the assumed world price
is low; $307.5 million when world price is assumed moderate;
and $639.7 million when world price is assumed high. 1/ If
world prilce 1s assumed moderate, the projected value of foreign
exchange earnings in 1985 will be $146.2 millicn when exports
are maintained at a 1dw level; and $220.4 million when exports
are Intermediate,

The foregoing examples indicate that changes in world
price provide the government with more latitude in the choice
of policies for the attainment of foreign earning targets
without greatly.impairing other deslrable goals. Recalling
geariier discussions we see that increasing the level of
exports reduces consumption per capita unless other measures
are taken to increase domestic beef supply- (see Figure IV.14).

Yet 1t is also true that higher prices brought about by

l/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 exXports 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 revenueg from the domestic sector are
enhanced as profits, cattle inventories and land wvalues

are increased.

Coneclusions

We have made elght major inferences from our cattle
policy experiments.

First, given the assumptions behind the model, the
avallability of credit for development does not seem to be
as crucial as originally thought. Although farmers use
credit whenever it 1s avallable, 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 modernlzation 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 oubtcomes are seen more explicitly here when
increasing the competltive edge of the modern over the
traditional operation; 1In 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
1875 is an indicaticn of farmers' unbalanced cash [low.

The preceding results imply that previding credit assistance
for a longer period might be more effectlive than increasing
the volume of funds within the ten-year period (1966-1976)
set in the model.

Second, the model's output indicates that the
performance indices depend heavily on farmers' attitudes
toward adoption and continued use of the new production
methods. This behavior is simulated in Equations 5.36 and
5.47 using principles of diffusion theory. But modeling
farmers' decisions to expand or contract preduction on the
basis of diffusion theory is a poor proxy to sound economic
principles explaining such processes. Untll more adequate
user cost, investment, and disinvestment theory 1s developed
for use 1in modeling expansion and contraction of agricultural
production, the model would benefit ffom 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 onily. Otherwise, the
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relative profitability differential of improved over
traditional cattle production is decreased and the adoption
rate of improved management practices is reduced accordingly.
The effect of production incentives and the production
campaign, particularly promotion, are highly complementary
in encouraging the farmers to modernize their system of
cattle production.

Fourth, cattle inventories and cutput in the Costa
depend decisively on controlling diseases in the traditicnal
sector. But at the natlenal level, the major effect 1s
obtalned when cattle production is also modernlized in the
other producing regions.

Fifth, the cumulative effects of policy combinations
(Runs 14, 15 and 16) on the model's output are, 1n.genera1,
greater than those of single policiles. Positive effects of
single policiles are reinforced by complementary measures when
simultaneously applied. Reinforcing and offsetting polilcy
effects are lmportant characteristics to be considered by policy
makers when designing strategies for economlc development.

Sixth, the competitive position of Colomblan cattle
in world markets_is decisively dependent on world price and
policies concerning domestic supply and export incentives,

In this analysis, a negative export margln indicates that
domestic price is higher than world price as vliewed by
Colombian exporters and implies that they cannot compete 1n
world markets at the price beef 1s being internationaliy

traded. The results shown in Figure IV.290 suggest that the
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need for and fhe amount of transfers from the rest of the
economy to cattle exporters in the form of export subsidles
can be examined and determined in the face of both
domestiec and world prices and exchange rate policies.

Seventh, an alternative course to policy makers'
active participation in the model was tc assume certain policy
changes during the period 1966-1973. In this period various
progranms were implemented (cattle development and animal
disease control), legislation was proposed (lncreased property
tax, presumptive taxation of agriculture and elimination of
cattle selective inventory tax), and lmportant decisions were
made (extension of general cattle Inventory tax after its explra-
ticn in 1970). Or, using another interpretation, retrospective
pelicy experimentation is a demonstration of how the model
could have been used as a planning and declsion-making tool
had it been designed at the time decisions were made and/or
policies propeosed. Quick legislative actlon, assumed in some
cases in the model, could possibly have been obtained by the
use of the model. Models designed to predict the outcome of
alternative policles 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_iﬁtroduction.
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 assumptilons behlnd the

model, 1t can be expected that its.output variables will
experience the same trends as shown'for the period 1966-1973.
Changes in initiazl time of policy implementation were planned

in additional experiments with the model but were not accompllished
because of time constraints. Meanwhile, it is belleved that
extrapolating results from policy implementation during the

period 1966-1973 will produce legitimate predictions for

another future period, say 1973-1G92.

Finally, throughout this study we have demonstrated
that a simulation medel provides a useful experimental setting
in which policy makers and researchers can interact at different
stages in model creation and developmental planning. This
interaction 1s instrumental in redefining goals and policies,
and reformulating parameter values and interrelatlonships.

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 regl system reascnably well and until decision
makers are satisfied with thelr goals and the displiay of pro-
Jections indicating the effects of following their various
development strategies.

In our case, each of the policy runs have projected

different outcomes at different time phases of the planning

horizon. These projected differences provide policy makers
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with some basls for selecting a prefered policy option on the
basis of tradeoffs among perceived values for the economy.
For example, if the percelved dominant valilues for the cattle
subsector during the next 20 years are farmers' income and
the foreign exchange generated from cattle exports, Run 1l
(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
availabilify of beef, without impairing farmers' and
government revenues, Run 6 (with the reduced interest rate
feature) would be recommended. If the objective were to in-
crease per caplta consumption of beef up to or above the
recommended nutritional requirement of 28 kilograms, the
selected option would be Run 1€ (with the non-Costa cattle
modernization feature). But thils run, even though it
maximizes foreign exchange earnings from cattle exports,
seriously impalrs farmers' and government revenues. Hence,
in this particular situation, the tradeoffs are between a
loss in government revenue and an lncrease in output and
personal income of farmers in the cattle eccnomy; 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

Introduction and Summary'

Colombia, as many other developing nations, 1s facing
a new pattern of food scarcity in the deéade ahead. The
increased demands of her rapidly expanding population are.
added to the impact of rising affluence on demand for food.

To meet domestic needs and take advantage of world market
opportunities to increase forelgn earnings required to support
development, Colombia must make a great effort to encourage
agricultural production, particularly the output of the
protein-rich food which is in greatest demand.

With vast natural resources suitable for cattle pro-
duction, this industry has the potential for becoming a lead-
ing sector in the Colombian economy. To this purpose the
Colombian government has committed resources for preparing
and implementing a nationwlide plan aimed at the development
of beef cattle producticn. With about half the catfle popula-
tion and with a regional comparative advantage for grazing,
the Atlantic or Caribbean plain of Northern Colombila is re-
celving most of the development effort.

With the preceding considerations in mind and realiz-

ing the experienced usefulness of the systems slmulation

approach 1no overcoming many of the complexities of development
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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 1is 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 genersal
problems of producing cattle in Colombia and the physlical
and economic setting of the Costa region, discusses the
Justifiication for using the systems gimulation approach,
and finally sets the model's specifications and procedure.
Part Il detalls the five components used to.simulate the
production of cattle which: (1) allocate land use accord-
ing tco the farmer's percelved profitabilities of cattie and
crops subject to land and capital constraints; (2) calculate
the yield anad 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

campalgns can be specified, cattle and property taxes can
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be levied, and export targets and incentives can be regulated.
Part III discusses data needs and méthods used 1n dynamilc
system models t£o defermine the correspondence between the
model and the system being represented. These methods in-
clude sensitivity analyses, tuning the model to track recorded
time series and general validation procedures. Sensitivity
analyses not cnly reveal logical or theoretical inconsistencies
but also can provide an indirect way to test policy options
and suggest data collection priorities.

Part IV demcnstrates 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 some policy implications
and areas for additional research will be discussed.

First, the model is mathematical. With a mathe-
matically formulated model, assumptions about behavior,
technology and institutions are translated into the universal
and precise language of mathematics which makes them relatively
explicit and open for examination.

Second, the model is operational. That is, it is
a computerized model and can be operated without much dif-
ficulty and at very low cost. Using an operatlional model
is a major step forward in the task of modellng sectorlal

and/or repglonal economics. Experiments can be performed and
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new improvements in the model introduced if needed. He-~
peated runs usiﬁg refined data and structural relationships
improve the model's representation of reality and its over-
ali 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 hased.
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 %o which it is able fto explain past
variatidn of variables and tTo prediect future wvariation. 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 guantities
particulariy difficult. Although models can be bullt even
when information 1s poor, the sysfem simulatlion 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 1n the
modeling of cattle demography. Three age cohorts for females
and two for males with age-specific birth rates and asge-zex~
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 Lo changes in the age and sex distribution of the
cattle population. Such changes feed back in the cattle
demegraphic component through time delays and induced
behavioral effects to influence 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 economic 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 apprcach
provides an analytical framework withln which researchers
and policy makers can interact while formulating alternative
cattle policies. We were specifically interested in evaluat-
ing the long-term econcmic impact of modifying cattle prices
through exports, revising tax policies, and the proposed
government production campalgns to expand cattle production
in Northern Colombia. Crop improvement and export policies
were included as a secondary objective.

To this end, the computerized catfle simulation model
provided a very useful and a convenient means of predicting
and comparing the outcomes of various combinations of cattle
programs and policles. Based on the predicted time paths
of the various performance indices of the cattle subsector,
the merits of various policy-alternatives.were discussed.
This ecapablility 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 posslible cutcomes
of each proposed poiicy.

In addition, policy makers not only benefit from
the analysils of potential policy results but alse from the
process of formulating the simulation model itselfl. FPlanning
officials takling part 1n the model development process are
Torced to specify, examine and study their assumpticns, data
sources, underlying interrelationships and Impact of each
policy upon the model structure and parameters. Thus the
planners may refine and improve their decision process and
the information used in it. As the process of simulation
model development and experimentation proceeds, both re-—
searchers and planners gain greater insight into the mechanisms
and likely patterns of change within the system being modeled.
Further, the decislon maker can play a more active role in
the experimental system by making eXogenous policy decislions
at the end of any ftime period and allowing immediate feedback
on the results of alternative decision patterns and policy
choices. This iterative process involving close interaction
among decision makers and system analysts engages decision
makers in lnvestigation activitles that lead them to perform
as researchers as well. Hence, the simulation model becomes
not énly a valuable analytical tcool in helping decision
makers in their planning, policy formulation, and program
development activities, but also an educational tool that

enhances their planning capacities [28].
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Policy Implications from Simulation Experiments
on the Costa Cattlie Economy

There are six major inferences from the simulation
experiments which may throw light on gquestions of public
policy concerning a cattle development program. First,
investments in government disease control programs are
Justifiable since the projected cattle output, given the
same model assumptions, was higher when improvements in range
and herd management were accompanied by disease control in
the traditional sector. Nevertheless, long-run assessments
of the pay-offs to "traditional” farmers reguire 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 effectlive in encourag-
ing cattle ocutput and increasing farmers' incomes and govern-
ment revenues. Easing the debt burden, partlcularly interest
payvments, had the greatest long-run effect on all performance
variables. Although c¢redit hasg 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 soclo-
economlic environment amenable for investments seem to be
very high. HFurther, the profitability of the catfle sub-
sector relative to other sectors in the economy must be

carefully considered if capitalization of the former is a
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preferred goal. Otherwise capital will likely be diverted
from the cattle subsector to more profitable sectors of the
economy .

Third, increasing the domestic price level of cattle
by increasing exports from low to high targets 1ls not by
itself an effective tool for expanding cattle modernization
and output. While it is true that higher prices greatly Iin-
crease farmers' income and wealth, they also have the effect
of curtalling the incentive to modernize by reducing the
profitability differential between traditicnal and modern
practices. Consequently, if modernization is to be enhanced
by taking advantage of the farmers! expanded revenue, it 1s
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-Ccsta
regions, the simulation analysis indicates that a pricing
policy through the export market ié crucial for sustaining
modernization and preventing farmers from incurring heavy
income and capital losses. Likewise, government revenues
would not likely be Improved because of farmers' higher
income unless there are more effective ways of ftaxing farmers.

Fourth, special taxes on cattle are the main sources
of government revenue (not including income tax). Cutting
of'f cattle taxes, in addition to removing this source of
revenue, has the éame counteracting effect on modernization

as price increases (discussed above). However, any loss
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in government revenue that might occur from cutting off
special cattle taxes could be compensated by more effectively
taxing the farmers' increased income and the asset value of
their land; or by taxing their increased purchases of pro-
ducer and consumer goods. Although increasing taxation on
land has, from the point of view of government revenue, an
equlvalent effect to levying taxes on an expanded cattle

population, the likely allocative effect of land taxation

makes 1t 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 catftle preoduction is to be used
to bring some sort of redistribution of income in the region,
it is a requisite that the medium and small farmers are not
left behind in the modernization effort. Alternatively,
modernization might be accompanied by a éhange in the pattern
of land ownership that prevailed in 1960. According.to the
agricultural census of that year, three-fourths of the cattle
farms were less than 100 hectares; they controlled one-fourth
of cattle and had an average inventory of less than 50 head
of cattle [147.

Finally, the world price of beef greatly affects
foreign earnings. It is, therefore, very important that

the government secure the highest world price for exports.
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This can be attained by exporting high gquallty dressed

and/or processed beefl to bring higher prices in infter-
national markets. In addition, this measure might increase
the Colombian value added of exports with spill-cver effects
on the economy. The policy experiments show that the profit
margin of cattle exporters varies according to domestic and
world price conditlions and measures affecting the effective
rate of exchange. The combination of a fluctﬁating exchange
rate and an export subsidy seems to glive 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 infternational markets, thereby
eliminating or reduclng the need for large transfers from
public revenues to exporters. Since cattle exporters com-
pete with suppliers to the domestic market, the foreign
earning targets set by the government may affect the nutri-
tional levels of the Colombian peopulaticon. By the same
 token, exports have a regulatory effect on domestic prices

that in turn affect incentives fo produce.

Improvements and BExtensiocns of the Model

The simulation of dynamic human systemé is a pro-
cess of trial and Invention that can never be completed.
Each simulation result teachesrand prompts additlional ques-
tions 1eading to an iterative procedure that helps sharpen

data and verify structural and causal relationships. It
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alsc 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 eXxperiments and changes demand costs that must be
weighed against the expected returns of increased model
accuracy, flexibility and relevance before a decision is
made to proceed with the modifications.

A number of areas in the current Costa model need
.further attention in order to improve its performance.
These are discussed below. Experiences with other regional
models [1, 27, 53, 62] have suggested possible extensibns Lo
enable it fto better address some of the major problems of

economic development. These will also be discussed.

Needed Improvements in the Model

There are several aspects of the Costa model which
need further development and verification.  First, 1t 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 1is an oversimplification of supply and demand for the
various sale groups. Furthermore, the link between the
Colombian market price and the regional market prilce is not
clear since reglonal prices are sensitive to short-term

fluctuatlions caused by seasonal changes 1n pasture yilelds.
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In additicon, the supply response to price changes is 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, 55] a further step could
be to calculate the productivity of each age group relative
to the feed resocurces consumed. This wili 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.k/ If policy makers
and planners feel this 1s an area they would like to 1lnvesti-
gate more fully, revisions of the model will be necessary.

A major feature of the model which needs theoretical
and empirical verification 1s the modernization decision
mechanism (Chapter 5), particularly the value of parameters
that determine the adoptors' behavior. A development program
taking place currently 1n 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 tc these and other model

parameters as well as Justificatlon for focusing the simulation

l/A detailed demographic model of this sort is dis-
cussed by Johnson ef al., in [48].
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experiments on this alternative. Yeft other alternatives
including forage crops, though with greater impact on the
model's ocutput and performance, were disregarded because
of inconsistencies probably arising from the simulation of
farmers' behavior in the face of the higher risk and un-
certalnty inVolved in these alternatives. Additional
research 15 necessary to better understand the nature of
this problem before further modeling work can be done on it.
Ancther unrealistic aspect of the decision mechanism
is the assumption that capital is employed at a low opportunity
cost in cattle production. This does not effectlvely represent
the capital market in Colombia where transfers of capital cut
of cattle farming are certainly occurring with the subseguent
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 1s more
likely that the capital outflow effect discussed above
coupled to the demand for capital to buy cattle on an
individual farm basis, Wwhich 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 commerclal credit through the
banking system, the avallability of labor {including

management) and the availability of other inputs (fertilizers,
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herbicides, seeds, and drugs, primarily)}. Thus, it may be
degirable, if the model is to be implemented, to give high
priority to medifying the model to reallistically 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. ThHe former 1s 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 [47], a solution to these problems
needs more development in economic¢ tTheory 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 gquestloned whether Equation
6.36, in assuming the functional relationship shown in
Figure I1.7 between the perceived relative profitability
differential of traditional and modern cattleon the 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 pclicy

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 basls 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
wlth alternative consumption, land and special taxes.
Likewise, The present model did not provide comprehensive
grounds for balancing and gllocating the government budget
for different modernization programs whether on a regional

or national basis.
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Secondly, to discuss meaningfully the distributional
impact of government policies on investment 1in producticn
campaigns, exports and public revenues, and the response of
farmers to these policies, the cattie subsector may have to
be disaggregated by farm size. Since farmers in each size
category have a different command over resources and their
own beliefs and values, such disaggregation may be helpful
in analyzing problems of income distribution, and in simulat-
ing more realistically their decision making. It may be
useful to further disaggregate the regicn by ecolegical
zones and to subcategorize the cattle industry by type of
activity, i.e., breeding, growing, fattening, and their
combinations.

A third possible problem area which could call for
an extension of the model is the question of growﬁh and
age distribution of fthe rural population. This is closely
related to the problems of employment, labor supply., and
pressure over natural resources, which in turn involve
aspects of income distribution, rural-urban migration and
land ownership distribution. The dimension of income
disgtribution, a pervasive one in all development plans,
would be an important output criferion for evaluating
alternative policies. |

Fourth, as part of the process of improving the land
use decision mechaniam of Chapfer 5, the c¢rop subsector
may have to be disaggregated by competing commodities in

order to determine a more reglistic crop mix. This will
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allow the more accurate simulaftion of fthe competition
between crops and cattle and, in addition, may suggest
policies toward improvement of individual crops and regional
specialization. Llkewlse, the model may be extended to
relax the constraint of testing each modern alternative one
at a time and include mechanisms for the adcption of various
alternatives simultaneously. This may reflect more realis-
tically the various responses of farmers with respect to
profitability perceptions. The two extensions suggested
here may have substantial impact on the performance variables
that coulid be of interest to policy makers.

Fifth, the sensitivity of the model to cattle price
changes suggésts the need for including a semi—automatic
decision-making mechanism whereby the government export
policies 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
alim at maintaining both a price incentive to producers as
well as a competitive position in international markets.

The major benefit of such a model extension would be to help
determine a more flexible governmental export policy which
would stabilize farmers' income and net government revenues
from exports, given the fluctuations of beef prices.

Sixth, one extension of a technical nature men-
tioned in Chapter 10 is running the model in a Monte Carlo
stochastic mode rather than deterministically. Although

there are various thecoretical problems involved in the
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use of Monte Carlo techniques [1, Chapter 11] such stochastic
runs could be useful in dealing with data problems and in
evaluating the relative stabllity and sensitivity of policy
alternatives in the face of uncertainty. Giving a proba-
bility distribution to some of the data instead of a mean
value, 1t is possible to incorporate methods of statistical
sampling and inference into the outcome of the model. Such
statistics would permit fthe evaluation of ranges and dis-
tributions of possible outcomes for different policy optlons
rather than point predictions of absolute output levels.

Finally, there are extensions on the scope of {he
Costa model that would be relevant to policy makers in
their task of solving the problems of development. PFirst,
the present version of the model can be easily adapted to
the other four Colombian cattle pr@ducing regions and
further integrated into a.national subsectorial model.
Secondly, based on ofther experiences, it could be expanded
into an agricultural sector regional model or even a com-
plete regional model including both the agricultural and
nonagricultural sectors. The experience gained from these
extensions and the Information they contribute are of un-

questionable relevancy for development planning in Colombla.

Concluding Bemarks

We have discussed some 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 and prescrip-

tive capabiiities. 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 developling economies [47]. 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 1. Nonetheiess, 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 poliey, program and project prob-
lem analysis.

It must be stressed that the Costa'médel 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-
segquences 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 regicnal 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 wvaluable in

- future modeling efforts.
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PROGRAM SIMCOLCINPUT,JUTPUT, TAPELSINPUT, TAPEZ=QUTPUT) SIMCOL
COMMOK /CONTRL/ T,DT,PUR, IRUN,REGPRT.PRTCHG,PRYVLLPRTYL2,IPRINT, CHS
1 MAL ¢ TYOL,TDD CHs
READSQ D, NRUN SIMCOL
DO 200 IRUNmL,HRUN SIMcOL
CaLL RUNDAY SiMcoy
CALL PRISEY SIMCOL
CALL LANSET SimMcoy
CaLb CATSET SIMCO,
CALL CRDSET SIMCOL
CALL PRDSETY SIMCOL
CALL ACCSEY siMcoL
CALL MODSET SIMGOL
CaLL CRTSET S1Mcoy
PRT = HEGPRY siMcoL
PRTVL = PRTVLY CHS
T e 0, sIMpoL
2¢ IPRINT = 0 SIMcOL
T = TeDY SIMcoy
IFLT,LT.PRTIGO TO 40 siucoy
IPRINT = 1 SiMcoy
IF{T,EQ,PRTCHG)}PRTYL®PRTVLZ CH2
PRT = T«PRTVL SiMeoL
40 CaLl PRIGEN SIMCOL
Catl LANDAL STIHCOy
CALL AGPROD SIHCOL
CaALL DEMDG SiMcoy
LFLT,GE, THOD)ICALL MODCKL SiMcOL
CaLL AGACC SIMCOL
CALL MODRAT SIMGe,
CALL CRTaCC SiMcoL
IF(T,LT,DURYGC TO 20 SIMCOL
200 CONTINUE SIiMcoL
STOP SIMCOy
900 FORMAT(IL) SIMCOL
END SIMCOL
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1

SUBROQUTINE RUNDAT

COMMON /CONFRL/ T+DTaDUR, IRUN,GEGPRT . PRTCHG, PRYVL1,PRTVL2, IPRINT,
NAMEL1SY sNAMRUN/ DY.DUR,BEGPRT,PRTCHG,PRTVYLL,PRTVL2,MAL, TNOD, TDO

MAL TMOD, TDOD

IFLIRUN,GT, 4160 To 30

DUR = 190,
PRTCHG = 1p§,
PRTYLZ n 5§,
PRTVLL = 1,
ThO = 100,
BEGPRT = 1,
THOD = 100,
MAL = ¢

DT = ,25
READ (1, NAMRUN)
WRITE(2,NAMRUNY
RETURN

END

-y

At

7

RUNDAT
Cus
CWs
Cns
RYNDAT
RUNDAT
Cw2
CWe
CWS
CW5
RUNDAL
RUNDAT
RUNDAT
RUNDAT
RUNDAT
RUNDAYT

RUNDAT

RUNDAY

CEOARSNOWE NN

s
mo

- g e
[yt
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SUBROUTINE PRIGEN
COMMON ZAGCOUN/ DRLAT,ANLAT  ACLAT  VLANDT ¥LDTYXT, TAXCTAGSUT,

[ VR SN Y VI

REAL NCFR

COMMON /CATTLE/S

o B e

COMMON /CONTRL/

1

REAL MKM

DRLAM ARLAMACLAM, VLANDY, VLOTXM, TAXCH AGSUM,
DwLAVlDCRU;F‘RHIc.D@TQUSJDCRDT.RCSTDT'EfFL!V|NCFﬂ|
ALPH1,TEC, TCEC, TRNSLE, TLF, TLFP, CPLF,RINY,RINTL,
CREDT,DIR,C250,C253,C254,LT1,LT2:LT3,CBSTR,C5TGH,
EPCRPJ,PCROPU, PCRIPL, PFCROP,

EYLDCJ, YLDCU.YLBCL,YLOFC.DYLDCO,DYLDCL,DYLDFC

PFGT.FE"r.PFFT;PHGTJPHP'aTOPOPTIYOPGPRJ

PrGH, PFPM,PM3IM,PHP Y, TOPOPM, VAGAPL, AUXNL12,
SLFERT,SLSCCT,SOLDFT,5LSHLT,SLSPY,.SLSPTP,FEMSCT,
SLFERY,SLOCCM,SOLOFM,SLSMLM,SLSPM,SUPR,FEHSCH,
PPFETT, PPFPTT, PPMGTT, PPMPTT PPFGTM,

PPFPTY, PPHGTH, PPHRTH,LRFGTT,RFPTT,
AMGTT,RMPTT RFGTM RFPTH,AMGTM ,RMPTH,

TONT o TONAT  TONM2 TONMP, TONAM,LPATADT ; OMM, GMT,,PFLALYT,
YMAT PR PAP,PAPP , PRAT EXPL,UNEXPL,CT20R,C214,C244
T.DT.DUR, IRUN,BEGPRT,PRTCHE, PRTVLLPRTYLZ, IPRINT,
MAL ¢ THOD, TDO

DIMENSION vaAL50¢11)

HATA C219,0237,0238 / 145 41, «032
DATA ELASD,ELASY,FLASP 7 7, .60 L. /
DATA MKM,UNEXFL / ,15%, 300000, /

DATA DEL7 7 5.

/

DATA SHALL5G.DIFFSAKEY /7 44y 4o 10 7

DATA VALSQ # 3108., 76623,. 58375,, 1584B8,, 19i40,., 58278,.
25799, 191700,, 245000.. 282030, 329000, /

DaATA PAFD 7 907,/ .

EFCRPU = EPCRPU#(PCROPU~ERCRFU)#DY/DELY

PCROPU = PCROPUsRESTDT

PCROFL = PCROPLeRCSTDT

PFCROP = PFEROP#RCSTDY

PPA & PA -

PA m Pas(1,«C219+{TPEYaSURE) «DT/(TDEMCELASD))

PAPP & PAP

PAP & PAx{1, «MKM}

PRAT w PAP/PAPQ

RDEM » ELAsjtC!S?oELA!P'Gzal-!LASDt(PA‘PP!)I(PPA‘DT)
DEM = DEMeDY¥w (NEMeRDEN}

EXPL = 0,

IFCT,GE,4, )EXPLETABLIE{VYALSO,SHALLS0,BLIFFS0, KT, T)
TDEM s DEM+EXPLAUNEXPL
IFCIPRINT, LY, 1) RETURN

PRINTE9(0,T

PRINT91G.PA;PAPLEXPL + DEM, TDEMLEPCRPU, PCAOPU, PEROPL +PFCROP

RETURN

890 FORMAT(36H10UTPUT OF SUBRRUTINE PRIGEN AT TIME,F8,2}
910 FORMAT(LHO,9Xs2HPA, 30X SHRAP, 9y 4HEXRL ) 8Ky SHDEN, 744 4HTDEN. 8X 4
SHEPCRPU, 6%, BHPCROPU, 4X, SHPCROPL ) 6X s 6HPFCROP/1H], 8%, 9EL12,4)

1

ENTRY PRISET
PCROPU = 630,
PCROPL » 592,
PFCROP = 248,
EPCRPU » PCROPU
PA » 1067,

TDEM s 1889100,
DEM = 1739180,
SupB = 1889i0f,
PAP = 907l

PRIGEY
ACCOUYN
aCCOUY
ACCOUYN
ACCOUN
CW?

ACCOUN
ACCOUY
ACCOUN
CAYTTLE
CaTTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CWs

[of71]

PRIGEN
PRIGEN
PRIGEY
PRIGEY
PRIGEY
Cns

PRIGEN
PRIGEN
PRIGEY
PRIGEN
PRIGEN
Chd

Cud

Ché

PRIGEN
PRIGEN
PRIGEN
PRIGEN
PRIGEN
PRIGEN
PRIGEN
PRIGEY
PRIGEN
PRIGEN
PRIGEY
PRI1GEN
PRIGEY
PRIGEN
PRIGEY
PRIGEN
PRIGEN
PRIGEN
PRIGEY
PRIGEY
PRIGEY
PRIGEN
PRIGEY
PRIGEY
PRIGEY
PRIGEY
PRIGEYN
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RETURN : PRIGEN 4§
END _ PRIGEN 47
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SUBROUYINE LANDAL

COMMON /CONTRL/ T,DT, nuu.lRuu.aeaPnt.nchns.Pn?VL1.pn1sz.!'RlN?a
MA|,T#Q0, TDO

COMMON ZLAND/  TGL,TTALS TTOLL, TTALYL, TTGLUZ, TELSFO,
THSL.TLHODaTLHoozoanonz.TLuous.TTOLR.TBLna
TLERLTLCBU. TLERUP, TGLSF TGLULP, TLFCs TLE,
XRy,AL, R2, PRz.pnn.cRn ALM,ALME RLERU L AUXE  AUXS,
Awnl.ARHE.ARHS.AS.C9.unr.cPLPr.anL.RPiu.sae

DIMENSION CROUT4{3),CROUTEL(EY,VAL49(5)

DATA AL2,C249.CFDL,CL2 7 03, By .54 5 /

DATA YaL49 » 2000C. s 1852040 89%0., 786044 5008, /

DAY4 DEL4,DELLL /1.%, 104/

DATA DELis.nELio.ﬂEL17.DEL10 / A8, ¢

DATA Ka,KL11,K49,DIFFA9,SMALLAS/ 34 6, 4» 145 6.

DATA TLFCO,TGLSFO,TLDANLE / LG4733,, 31379504, 3137950. ’

DATA TLAVLO,TLAVUOL, TLAVIOR / 533300,, 2169060,, 14760085 ¢

DATA XDEL, RLDRN RLCRL ¢ Llev 138500,, 4500, /

IF{T,.LT,TMODIGO TO 20

TRSL ® (XRieR2eRLM)+XDEL

Eb.lu - . -

ér(RTGLL WLT 0. AND . TTGLL,GT DTed=RTGLL ) )ESRTY

10 = 1,
éFiRTGLUl LT, B0 AND,TTGLUELGT,DTeCeRTELYLIIELDRDY
14 = 31,
IF(RTGLUZ,LT, 0. AND,TTGLUZ,GT.DT*(=RY5LY2))EL4004
TLMODL = lHAXl(AHINl(TL"091*DTiGRLH'TGLL/TGL-TLHODitPR?#E&'ﬂTILL-
TLMODL/TGLLY s TGLL)a @)

TLMODZ = AMAXLCAMINL(TLMOD2+DTw(RLM*YaLUL/TGL=TLMODZ*PR2VRTGLULY
1

ELG+TLHODZ2/TGLYL ), TGLULY, 0,7}

TLMOD3 = AHAXL{AMINL(TLMOD3»DT#(RLMeTELU2/TGLATLHODI*PRI#RTGLUZ®
1

E14«TLMONZ/TGLY2) e TGLUZ), 0.)
TLMOD & TLMODL+TLMQD2+TLMOD3
CONTINUE )
TLAVL & TLAVLS(TLAVLDE=TLAVL)#DT/DEL15
TLAVUL = TLAVUL#(TLAVUDL-TLAVUL)*DT/DELLS
TLAVUZ = TLAVUZ(TLAYUH2-TLAYUZ)#*DT/DELLY
RLFC = AL2+TLFCO#EXP(ALZ*T)
TLFC = TLFC«DTwRLFC
TLFCU = C249«TLFC . i
CALL DELAY{RLDRN,AUX10,CROUT11,0EL1L,0T+ K1)
TLDRN = AMIML(TLDRN+DTeAUX10, TLDRNLO)
TLFCL ® AMINL(TLFC.TLFCUs TLAVLO+TLDRN)

- TLBAN = 2000c.

LFCT,BE.6,)TLRAN = TABLIE{VALAG,SMALLA:DIFF49,K49,T)
ALNDL o TLAVL*TLDRN-TLFCLeTLEAN

TLCRL = AMINL(TLCRL«DT#RLGRL, ALNDIL)

TLCRLR & TLCRL+TLELN

TGLLP = TGLL

TGLL 3 AMAXI(TLAVL-TLFCL=TLCRLR, J,)

HYGLL = (TGLL~TGLLPY/DT

TGLSFL ® TGLSFis(TGLSFO=TGLSF1)eDT/DE 18

TGLSF = TGLSF1-TLNRN

TLFCULP = TLFCUL

TLFCUL = AMINLICFDL*TLFCY, TLAVUL}

DLFCUL = TLFCULsTLFCULP

ALNDUL = TLAVUL#TLFCUL

AUX4 = 0,

IF{RLCRY.LE, 0. )AUX4RCLR*DLFCUL

TLCRUP = TLECRU

TLCRU = AMAXLCAMING (TLCRU=AUX4+DT#(aUX2*AUXSY, ALNDULY, 0.}
TGLULP = TeLUL

LANDAL
CHS
1]
LAND
LAND
LAND
LARD
LAND
LANDAL
LANDAL
LANDAL
CW4
LANDAL
LANDAL
LANDAL
LANDAY
EH4

LANDAL:

LANDAL
LANDAY
LANDAL
LANDAY
LANDAL
LANDAL
LANDAL
LANDAL
LANDA|
LANDAL
LANDAL
LANDAL
LANDAL
LkNDlH
LANDAL
LANDAH
LANDA

LANDAL
LANDA[
LANDAL
LANDAY
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDA(L
LANDAY
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
LANDAL
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TGLUL = ALNDUR=TLCRU LANDA( 58

RTGLUL s (¥RLUL=YSLUL?) /0T ) LANDA( 59
CALL DELAY({AUXY,AUX2,CROJT4,DEL4,NT.Ka) LANDAL 69
TLFEU2 3 AMINLUt L =TFIID@TLFCU, TLAVUD) LANDAL 61
TGLU2P = TGLUZ LANDA LY
TGLU2 = TLAvy2-TLFgu2 LANDAL LY
ATGLUZ & (TRLUZ=TRLU2P)ZDT . LANDA, b4
TLEC & YLCRLR+TLCRY LANDAY 1)

TLC = TLFCeTLOC LANDAYL b6
TGLU = TGLU1+TGLU? LANDAL 67

TGL = TGLLeTGLU LANDAL Y]
TTGLL = TGLLeTLMDPY LANDAL 69
TTGLUL = TGLUL=-TLMODZ LANDAL T
TTELUZ = TGLUZ-TLMaD3 LANDAL 7
TTGL & TGL=-tLMGD=-TRSL LANDAL 72
TIGLR & TTGL+TGLSF«C9 LANDAL 73
TGLR = TGL+TGLSF=Co LANDAL 74
IFCIPRINT LT, 1IRETURN LANDAL 15
PRINTE9D,T LANDAL 76
PRINT9OG, ALNDL, TLAVL;ALNDU1.TLAVU1;TLAVUE.TLDRN-TLBAN LANDAL 77
PRINT28, TLFCL, TLFCUL, TLFCU2, TLFCU, TLFCs TLCRL, TLCRLRa TLERUL TLEC)  LANDAL ;a

1 e 9
PRINTI16, TTGLL. TTELUL, TTuLU?aTGLU;TGL,TTGL;TGLSF;TTSLR B0
PRINTOZ4,RTGLL RTELULIRTGLUZARLFL) AUX2, AUX4, AUXL0 By
PRINTY30,CROUT4,CROUTLL B2
IF(T.LT.THOD)RETURN . B3
PRINTS50, TLMGD, TLMORL, TLMOD2, T|.MODJI, TRSL» TGLL, TGLUL, TGLUZ, TGLR g4
RETURN 5

890 FORMAT(35H40UTPUT OF SUBROUTINE LANDAL AT TiME,F8.2) T
P00 FORMATCLHO, 9Xa SHALNDL o 7Xs SHTLAYL S 7X, GHALNDUT + 6X s SHTLAVUT 26X, az
1 EHTLAYLZ, 6%, SHTLDRN, 7X, SHTUBANZ1HO, $Xa 7(EL1, 441X} ) B8
P08 fonnATtlHn,qx.SHYLFCL TX GHTLFCUL 6% e 6HTLFCUZ2, 6Xi SHTLFCU, 7Y, 89
1 SHTLFGa 8% SHTLCRL s TXo GHTLERLR 6X e SHTLORUY TX AHTLEC, BX, %0

2 SHTLC/1HD,9%e10{EL1144,1X)) 93
916 FORMAT(1HO, 9%, SHTTGLL S 7Xa BHTTOLUL, 6Xs AHTTGLUZ, 6% 4 4HTGLULOX)SHTGL,  LANDAL 92
1 PRI4HYTGL, 80 BHTGLSF, 7X, SHTTGLnfiHb.BK-sE12.4) LANDAL 93
924 FORMAT(1HG, 9X. 5HRTGLLA 7K. GHRTGLULS 6Xs SHRTGLUZ 6 X+ 4NRLFC, 8Ky AHAUXZ: LANDAL 94
1 BX, aHALIX4, BYs BHAUXL0/1HA, 9% TEEL1,4,1X0) LANDAL 95
930 FORMAT{1HO,9X,6HCROUTS, 30X, THCROUTL1/4HO.9X, 9¢E1L ., 4.1X]) LANDA( 96
950 FORMAT(LHD, 9X.SHTLHMOD, 7X. GHTLMODL, X4 6HTLMOD2, 6X ¢ SHTLMODS, §X, LANDAL 97
1 *HTHSL:BX AHTGLL S BX,S5HTGLUL,7X, snreLua.1x.43vGLR11Hu.ax. LANDAL 98

2 9E1Z.4) LANDAL g9
ENTRY LANSET LANDAL 100

. LANDAL 104

VALUES FOR LAND ALLQCATION LANDAL 102

ea LANDAL 103

TLAYL = 4313040, . L&NDAL 104
TLAYUL = 1720729, LANDAL 105
TLAVUZ = 1293017, LANDAL 104
TGLSF1 = ,B«TGLSFG LANDAL 107
TLDRN = @, _ : LANDAL 108
TLEAN = 2000, LANDAL 109
TLCRL = 140508, Cid [
TLCRU = 281000, CH4 7
RLCRU = 35040, Cid 8
TLFC = 104731, LANDAL 143
TLFCU} = 40915, ' LANDAL 114
TLEC = TLBAN+TLCRL+TLCRU+TLFC LANDAL 115
TLMOD = ¢, LANDAL 146
TLHODL = 0, LANDAL 117

TLMop2 = o, LANDAL 118
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TLHOD3 = 0,

TRSL = 0,

TGLUL = 1471720,
T6LVUZ = 1252325,
TeLL = 3198(4,
TTGLUL ® TGILUL
TTGLUZ = TGLU?
TYGLL = TGLL
RTGLUL = «RG37,
RTGLUZ = =1.37,
RYGLL a =10476,

TGL & TRLL+TGLUi=TGLUP
TGLR = TGL#YGLSFOCY

TYGLR = YGLR
AUXY = T,
ApXZ = 0,
AUX3 = 70007
PRZ = [,

Rz = 0,

RL" e 0,

xRl = 0,
CROUTA(L) = [.
CROUT2(2) = [,
CROUTS (3} = [,
no 990 Iel,s

CROUT11C1) = 270

CoNTIMUF
RETURY
ERD

3.
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SUBROUTINE AGPHOD

COMMON ZACCIUNS DRLAT ARLAT  ACLAT o VLANDT , VLOTX TS TAXCT,AGSUT,
DRLAN ARLAM, ACLAM, YLANDHM, VLDTXMa TARCEM, AGSUM,
DRLAV,DURY, FARMIC, DSTOUS, DCRDT,RCSTOT,EXPLIY,NCFR,
ALPH1,TEC, TCEC, TRISLE, TLF, TLFP.CPLF,RINT RENTL,
CREDT.DIR,C25D0,0253,C254,LT1.LT2,LT3,CBSTG,C5TGH,
EPCRPU, FCROPU, PCRIPLy PFCROP,
EYLNCU, YLOCU YLOCL y YLOF C,DYLDEU. DYLDCL , CYLDFC

E Rt R N

REAL NCFR
COMMON JCATTLES PFGT,FEMT,PFPT, PHGT,PuPT, TOPOPT, THRDPR,
PFGH, PFPH,PMIM, PHPM, TOPOPM, VAGAPL s AUXLL2,
SLFERT,SLECCT,SOLDF T, $L5MLT,SLSPT. S SPTP,FENSCT,
SLFERY,SLSCCH,SOLDFM, 5L SMLH, SLSPM, SUPS, FEMSCH,
PPEGTT, PPFPTT PPMGTT BPHPTY PRFGTH,
PPFPTM, PRUGTM,PPMPTM, FGTT,RFPTT,
RMGTToRMPTT,RFGTMLRFPTM, RMGTM, RMPTH,
TONT, TOMAT, TONM, TONHP  TONAM,PATADT, QMM4, QMY ,PFLACY,
YMAT ,2A,PAP, PAPP, PRAT EXPL,UNEXPL, §T202,6214,0244
COMMON ZCONTRLZ T,DT.0DUR, TRUN,GEGPRT, pRTCHG, PRTVLL,PRTVL 2, IPRINT,
HAL,TYDW, TDO
COMMON /LAND/ TRLaTTGL, TTGLL, TTRGLUL, TTGLUZ, TGLSFO,
TRSL . TLPID, TLMODL, TLMGD2, TLMDDS s TTGLR, TGLR:
TLCRL,TLCRU, TLCRUP, TGLSF, TELUIP TLFCsTLE S
XR1,R1,R2, PR2,PDR, CRM, RLM,RLMI RLERU,»AUXZ, AUXT,
_'AQMilAR"ZIARHSJASICQIGRTJCPLPTprELJRPTNOGRE
DATA CGOU,LCBCULLCHULLCGU2 7/ 3,48 1edds 5.0 1.7 7
DATA CGOL,CAGL14CGLL,C6L2 7 3,8y 1.26, 5.1y 1.7 /
DATA C5.C?.’C9.c'1_e.c220 / J083s 1416+ ,55,2.8, .21 &
HATA CPLPT.GRE.TDND'TDNSG 7 t“sl |?4Ji}41 2543 /
DATA CG3,CG4 / 3.3, 1.16 ¢ :
DATA THMODC,NELBYDFLY,DELLD /7 10U~e 3I*5, /
CGO = (COOUs({TTALUI*TTGLUR)+CEAL«TTGLL }/TTGL
CGDL = {CGOUL*(TTRLUL*TTGLUZ2)+CBOLLI*TTGLLY/TTEL
HCON = AMAXL(RCONeDT#CS*(8RT=GRE}, 1)
TDNTG = REDN#(CGReCPLPT*TTGL+CGOI* (1. ~CPLPT)#TYGL)
TDNRE = C7«C22Q«(TLCRU +TLCRL) '
TONSF =& TGLSF*C9»0410
TONT = TDNTG+TDHRETDNSF
EYLDCU 3 EYLDCU+{YLDCU~EYLDCU)»DY/DELA
[F¢T.LT.TMODLCIGO TD 33
YLDCU = YLDCU+(DYLDCU=-YLDCU)*DT/DELY
YLDCL = YLDEL+(DYLDEL=-YLDCL}*DT/DELY
YLDFC = YLDFC+({DYLDFCYLDFCY*DT/DELLG
CONTINUE
IFCT, LY, THODIGO TO 200
TONMP & TDNM
IF(TLMOD.LEL0,)GO TO 4§
CO1 = (CGUL#(TLMOD2¢TLHODA)}+SGLL*TLHONL) /TLNOD
CG2 £ {CGU2«(TLMOD2+TLHODI) «CaL2eTLHONL) /TLMOD
Go YO 5¢ '
40 CG1 = CG2 =_C.
50 IF(MAL,EQ,2,0R.MAL EQ,4)GT TG ag
CGA = CGLYCPLPT2CGoe{L,»CALPT)
CTR = CG3IvCPLPTeCG4*(L,~CPLPT)
Go TO 100
80 CGA = CGL
CYR = CG3 )
100 IF{MAL.GT,2YG0 TO 140
TONM = CGAeTLMDD+OTR«TRS,
GO TO 200 :
140 LF(TLMOD+TRSL.LE.E,?GD TQ 145
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AGPROD
RCCOUN
ACCOUN
ACCOUN
ACCOUN
g7
ACCOUN
ACCOUY
hCCOUY
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
C«S
Cub
LAND
LAND
LARD
LAND
L&ND
AGPROD
AGPROD
AGPRNOD
AGPROD
AGPROD
AGPROD
AGPROD
AGPROD
AGPROD
AGPROD
AGPROY
AGPROD
AGPROD
AGPROD
AGPRDD
AGPRDD
AGFROD
AGPROG
AGPROD
AGPROG
AGPROD
AGPROD
AGPROQ
AGPROD
AGPROD
4GPROD
AGPROpD
AGPRQD
AGPROD
AGPROD
AGPROD
AGPROQ
AGPROD
AGPRQOp
AGPROQ
AGPROD
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145
159

200

8990 FORMAT(36H4NUTPI'T oF SUHROUTINE AGPI0G AT TIME,F8,2)

900 FORMAT{LHAD, 9Xs 4iREON *Xs IHCGD, 9X s 4HCGLLs BX o SHTONTG 7R+ SHTDNRES TX,
1 WHTONSF , 7X, 4HTORT/1HG, 9%, 7CELL. 4, 1X))

910 FORMAT(1HO,9X,GHEYLNC ), X, SHYLDCU, 7X.SHYLDCL . 7%, SHYLDFC/1HD,BX,

1
950 FORMAT(LHO, 9Xa3tC5A» 9N SACTR, 9K+ 44CPLF s BXsZHTLF , 9Xs aHTHMP, 8%,

367

THNG = (CGA«TLMODeCTReTRSL) /(T MODTRSL)

Gnh To 153

TDNG = 0,

TDNF = C253+C254%TQNSG/L250
CPLF = (TDNDaTDMNG) #(TODLF-TDNG)
TLFP = TLF

TLF = CPLF«(TLMOD+TRS, )
THMPL = TLMOD+TRSL=TLF
TONM = TDNFeTLF«TNNGe THHL
IF(IPRINT, LT, LIRETYRN
PRINTSGQ(,T

PRINTOOG,RCONICGL,CO0L, TONTG, TDVRE, TDKSFL TONT

PRIMTY10,EYLDOU, YLDOU, YLDCL, YLDFC
IF¢T,LT, TMODIRETURN
PRINTI50,CGA,CTR, PPLF . TLF TMPL,TD:HM
RETURN

4E12,4)

1 AHTDNM/ LMD, aX 0 6E12, 4D
ENTRY FRDSET

VALUES FOR PHODUCTION

GRT & (TGL#TGLSF{eC?)/TOPIPT

RCON = 1.
TONM = G,
TLE = G
TLFP = 3.
RETURN

HH

AGPROD
AGPROD
AGPROD
AGPROD
AGPROD

AGPROD

AGPROD
AGPROD
AGPROD
AGPRDO

-AGPROY

AGPROD
AGPROD
AGPROD
AGPROD
AGPROD
AGPROD
AGPROD
AGPROYD
AGPRON
AGPROD
AGPROD
AGPROD
AGPROD
4GPROD
AGPROD
AGPROD
AGPROD
AGPROID
AGPROD
AGPROD
AGPROD
AGPROD
AGPROD

43
44
45
M
47
48
49
50
51
52
53
54
5%
56
57
58
59
60
61
62
63
54
5%
66
67
48
69
70
71
72
73
74
75
T8
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SUBRDUTINE hIMDG

COMMON FCATTLES PFGTaFERT 4 PFPT4PMGT PHPT,TOPOPT TUPOPR,

T OPF3M, PFPM,PMGM,PMPN, TOPOPM, VACAPL , AUXL 12,
SLFERTSLSNC T, SOLOFT;SLSMLT,SLSPT,SLSPTP ,FEMSCT,
SLFERM, SLSCOM SNLDFM, SLSMLM,SLEPM,SUPB,, FEMSGHM,

[ BRI A B TR N o

COMMON ZCONTRL/

COMMON FLaNB/

Fow N

AIMENSION

PPFGY T, FRPFPTT,PPHGTT,PP4ETY,PPFGTHM,
POFPT Ay PPMGTH, PPHRTY, RFGTT (RFPTT,
BMLTY y IMPTT  BFGTM, RFFTH, RHGTM, EMPTH,

TONT, TONAT, TONM, TONMO, TONAM, PATADT, 14, G4T, PFLAGT,
YMAT, PA,PAP,PAPD, POAT, EXPL JUNEXPL,CT202,021 4,020k
T,DT ,0UR, IRUN,BEGPRT ,PRTOHG yPRTVLL, PRTVL 2, IPRINT,

MAL s THMOD, TN

OTHENSINN VALML(5),VALM2(6),VALHI(B)
TIMENSION vALT (A}
ODIMNSION VALIC(A)

NIMENSIDN
DTMENSION

REAL
DATA
OATA
DATA
DATA
TATA
NATA
NATA
NATA
OATA
DATA
DATA
OATA
NATA
NATA
NATA
JATA
TATA
DATA
NATA
NATA

1
NATA

1
OATA
OATA
JATA
naTa
naATA
OATA
DATA
DATA
NAYA
NATA
TATA
NATA
TATA
AATH

NREQT p NPE M

ciz /7 1. /
£198,0G199,C200,C204,0T272,0M202/.95, 2
D20640208750208,0259,021C,C2117 1.y 14y
C212,721347214%,0215,0216,C217 / 1.4,y &
0224,G2265,022650227,0228 /7 B8, .92, .

523355231, CT232,CM232,02337.014.659 105145y

3T201,0M241,0242,020T3,0244,C205/7 3,49

J24b,C2R0,C283 / 14y 1ley 3. 7

PRSITL,ELASTL, AMXTL, AMNTL 4 3MNT BMXT1/.5,14347552% 594757
SRSIT2,ELASTZ AMXTZ JAMNT2 BN T 2B MXT2 /e 1y 47 4025354155415, 187
PRSTITI,ELASTI, AHXTI, AMNTI, OMNT T, 8MXT3/, 8510 90 seTruToles
ORSIT4,CLASTUy AMXTHy AMNTL s BMNTL \BMXTU 1pe8,5423,2%, t1p01b 7
BRSITS,TLACTS, AMXTS, AHNTS , GMNTG , BMXTE/, 13, , 85, .21, 2%.13,,17 7
DRSTITS,ELASTA,AMXTH JAMNTE yAMNTE BMATES L B024075006,2%,02,,05/
BREITT,ZLAST7, AMKT? , AMNT? s BHNTZ ,BMXT7/, 13, 65,252%4 14415/
PESTMY s SLASMLy AMNML, AMXHL 3 BHHML BMXML/ 6510349510 3eTs1s /
PPSIMZ,ELASM? , AMNMZ y AMX M2  BMNMZ BMXMZ 7, 5907 yaB9tayeBraI5/
DOGTMI ,CLASH I, AMNM I AMXM3 (BNNM3 JBMXM3/ . B8s1upaBslagaBsls /
ORSIMY s CLASM U, AMNHL s AMX Ml g SMNHG yBMXMG /oLy oBpallss 3
PRSIME sELASMS g AMNMS , AMXMS 3 IHNME yBMAME £, 135,85, 413,425,413,
.19 7
BRSIME yTLASHE JAMNME 3 AMXME yBMNME 4BMXME /. 002,

IOSTH7 ,ELASHM7 JAMNM?, AMXMT S BMNNT JBMUMT7 /o 13se BrulyaZyalsalb /

IDTFL,IDTF2,TOTML,INTMZ / 2y 24 24 2/
<GAFLXPRODF 4KGPOM4KPRODN / L0y By 10
AR20F, NARADF (NGROM,NPRODY / 2.5, 134,
SHMALLLNIFFL,1/ 3Ry 3%y 5/

SHALLML OLFFMLaKML/ L, 3By 4365 5 /
SMAL L ?,NIFF2,K2/ 3By +36, 5/
SHMALLM?,NIFFM2,KMN27 .36, 364 5 /
SMALL 3 NIFF3,K3I/ .36y 43Ry B/
SMALLM2,NIFFY3 4KH3/ .36, 306, 5§ 7
SMALLUNIFFG K47 Jay 1.4 L/

SHMALLS ¢DIFF5 <57 ey Ltey L/
SHALL 7?4y DIFF7,87¥ Jay 1ay 7f
SHALLB 3 NIFFB,KA8/ B,y 1lay 3/

ey o7y

las

ey 4By
42,
1. 6o/

2653502032047

a6,

Sy

TOLeTYGL, TTGLL , TTGLUL, TTGLUZ »TGLSFI
TRSLy TLMOD, TLMOD1, TLMOD2, TLHOD3, TTGLRy TGLRy

TLIRL s TLCPUy TLERUPy TGLSFs TGLULP, TLFG,TLS,
XR1sR1y)R2,PR2,POR,CRM,RLMy RLMIRLCRUSAUX1,AUXT,
ARM14 ARM2, ARM3 4y A5y C94GRT 4 CPLAT ¢ X DEL 9RAPTN,GRE
VALL(B),VAL2(BE) s VALI(B) s VALL(2) s VALS (2D, VALE{5) y VAL S {4}

RINTFTL (15} ,RINTFML(15) ,PINTFT2(15},RINTFM2(15}
RINTHMTL {15} 4RINTMMLI(15) , RINTMT2{15), RINTMM2¢15)

.y

o7

1124405 /

LYs
2.5,

3.0/

Wiy

e 2304 4.02857

JEMOG
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLF
CATYLE
CATTLE
CATTLE
GHS

LNS

LANP

LAND

LAND

LAND

LAND

NEMCG
DEMOG
NEMOG
NEMOG
NEMOS
NEMDG
DEMOG
NTMGG
NEMGG
DEMOG
CHi

NEMOG
NEMOG
DEMDSG
EMOG
DEMOf
DEMOG
OEMDG
NEMOG
DEMAG
NEMOG
NEMOG
DEMOG
DEMON
NEMAG
NEMOG
DEMOG
nEMos
DEMOG
DTHOG
DEMOG
DEMDG
DEMOG
NEMOG
DEMOG
DE4QG
NEMOG
NEMOG
Ot MOG
ncuos
OEMNOG
DEMOG
NEMOS
NEHOG

SO PPN F WV O aNITR NN
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L@ U NT NP OO NP ALFANSDO O AT AF QNSO QI NORF NN S
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369

NATA SMALLOZNIFFS,43/7 741,577

NBTA VALI/ ".y 23y 585, .93y .73 L7€7

MATA JALMLS Lay o3y oBy o7y o3y JAE

TATA YAL2/ 76y 417, o1y +7H6, Jdul, ,129/
NATRE VALM2/S .7y 1oy « 8y IF7, .1032, 222 7
GATA VALZ/ LBy 1.y o+ By oLy 728, ,018/7
NATA vaL¥3/ w5, 70, , L%, ,327, 012, .01/

DATA VALL (L} YALLI2)/ WLy U/ VBLS(1) ,vALS(2)}/ 1,33y 1,07

NDATA VALRY vy o 253 1y La2/

TATA YAL?/ 13RT,, 1058,, 1366,, 1117, 1346,y 1629,y 2089y 2345./

DATA VALAZ (85+7, 1,647, 1.3E47, LeBE+7/
NATA VALE / 4117341355015 75158,.417,,1625413794113 7
NATA ZRK,FELASA,TNPIKL / .13y +5, 8863G20,7
JATA COSTET,COSTFY 7 8.5, 2./
OATA N2ZOTLNZEIM/ 35, .5k /
JATA TONSZT / 1.°6 4
NATA NZL1,PFL2yNTL S PELZ23 #3%1.y 54 /
DATA YMAT,¥Y4AM / 523, 125%. /
IHECATTLTTY 4NN MASTITIS - NLUMAZRS

FINFT = (RFINFT*{PFPT~0T*(OFPT+RFOUTZ+SLMAST) }-SLINFT®DTs
1 DT*(r3T*5,13+PTFNUT)I* ( (PFPT=DT*(DFPT+RFOUT 2+SLMAST) *
.

: (1, =PFIMET)) +OTH(PFOUTLI-RFPTT-SLFERT)))

ﬁ*FMAS =R EMAST*{PFPT=-NT* (O PT+PFOUTZ4SL INFT) I =SLMAST*OT+ (1.0~
t PATAFY)*DT*0, LR* . iC*((CFPT-DT*(DFPT+ FFOUTZ+4SLINFTE*

z o (1. 0=2FMAST)I I +NT* (IFOUTL-RFPTT-SLFERTY)
TF(TLT.TMODIGD T2 20

TINFM = (PFINFM*(PFEH=DT*(DFPMERFOUMZ + SLMASM) }-SLINFM*NT+
1 NT*(CAMEG | S+ IFNUM) ® ((PFPM-DT*(DFPM+RFOUMZ+SLMASH) *
>

{1, 2=PFINFM) J+0T*IRFIUML - RFFTH«SLFERMY 1)

-TFMASM = PFYASM* (PFPY-DT*(IFPMeRFOUMZ +SLINFM) ) =SLMASM DT+ (1]~
PATAFMY*OT*{, 185, CE* ({PFPM=NTY (NFPM+RTOUMZ+SLINFM) *

1
> (1. 7=FFMA34) ) +NT* (RFOUML=-RFPTH=-SLFERM))

) PONTINUS

4]

YEMOGRAPHY = TRADITIONAL

RFOUPTL = RFIUTL=-RFOUTI*(DALT1+PSFGT+PPFGTTI*DY

AFGT = PRGT#OT*{RFTNRL T *PFLT-SLSFGT=AFGTT=PFOQUPTLY
PFOUPTZ = RFDUTZ=IFAUTPH(NRLT2+PRFPT+PPFPTIT) *NT

OFPT = DFPT+IT* (REQUPTL-"RLTZ*PFPT~SLEFFT=RFPTT=RFOUPTZ)
ALDFT = (RFQUPTP=SALDFT-NRLTZ*OLOFT)*DT+OLOFTY

IMOURTL = FHIUTL-40UTL* (DL T1+PSHMGT+PPHGTT) *0T

BMGT = PMGT+NT* (MTYT="RLTL*PMuT~SLSMGT«R4GTT-RHOUPTLY
IMOUPTZ = RMOUTZ=PMOUT2*{DRLY2+PSMPT+PPMPTT) *DT

PMPT = PMPT+OT*(2MOUPTL-DRLTZ*PYPT~SLSMPT=-RMPTT+RMOUPTZY

NE:4053RAPHY - MDOEON

TF(T LT THODIGD Ta 4

REOUSME = FIFOUML-2FOUML* (DRLML+PSFOM+PRFGTH) *DT

OFGY = PFAMENT* (PEMa U ML *PFGH=-SLIFGM=RFGTM=RFOUPML)
2FOUPMZ = RFIMZ~FOUMZ* (DRLMZ+PSFPH+PPRFPTM) #DT

PFPM = PFPH4+OT* (RFNUFML=0PLM2*0F M =S| SFPM~RFPTM=0FDUPMZ}
JLDFM = (2FDUPH2-3ILDFHM=RLMZ*OLOFMI*DT+OLOFM

“MOUPH] = R#IUME=340U 41 * (DRLML+PEMGHEPPMGTM) *NT

PMGM = PMGM+OT* (IMA=NL ML *OMAM=SL SKEM=RHMGTH-RMCUPHL )
RMOYPHZ = -JMONMZ-RMOUM2 ¥ (NRL M2+ PSHPM+PPMPTH) *DT J
BATM = 2YCHENT* MV IPHL«ORLAZ*OMF =S SMPM=RHPT H=RHOUPHZ)
FONT INUT

DEMOG
DEMOG
DEMDG
0EMOG
DEMOG
OEMDG
DEMOG
DENOG
DEMOG
NEMOG
BEMOG
DEWOG
DEMOG
DEMOG
NEMO5
DEMO%
QEMOG
DEMOG
DEMOG
DEMOG
NEMOG
DE MGS
NEMOG
DEMOG
NEXOG
DEMOS
DEMOG
DEMOG
DEMOG
NEMOG
DEMOG
NEMDG
DEMOG
DEMOG
NEMOBG
DEMOG
DEMDG
NEMOG
DEMOG
neENNG
NEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DENOG
DEMOG
DEMOG
NEMOG
DEMOG
DEMOG
DEMOG
DEMOG
NEMOG
BEMOG
OEMOG
DEMOG
DEMOG
DEMOG
DEMOG

OEHQG=

50
51
52
53
54
35
56
FX4
58
59
61
51
62
53
bl
55
56
57
69
74
71
72
T3

75
76
77
ra
79
89
B1
82

83
.1
85
ng
87
a8
89
30
91

32
94
95
6
97
98
99
130
101
192
193
104
106
106
7
108
1219
i10
111
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TOTALS = TRAGITIONAL AND HMODERN

GFCT = PFET+QLNFT

AFT = FFELT+IFPTAOLIFT

BMT = BAGT+OMPT

TOEDRT = PFT4PMY

PFGT = REGTSTOO0PT

ABFGT = PERT/TERAPT

OPMGT = BHMGT/TOPOPT

PFYRT = PMPT/TOFOPT

SFGM = DEPM4OLNFM

OFM = PFAMsPFPM+OLAFM

PHY = PMGMIDMPM

TOPOPH = PFHM+PHM™

PPFGM = PESM/TOPDPY

BEFCH = PFIM/TOPOPM

PEAGM = OMIM/TOPCPM

PPMEM = PMPH/TOPOPY

TOROPR = TOPOPT+TOPOFM

VACAPL = PAP*{CR27*(PFLT4C2L2*PFGM)I+C226% (PFPT4C242%PFOMI+C22, "
1 (OLDFT+C212%0LDFM) +0228% (PMGT+0212*PHEM) +C 225 (PNPT+(21 2%
2 PHPM) )

TF(T.GT.TMON} AUXLL1Z = AUXL12+(AUNAZ=-AUXL12)+DT/DE| 23

AUX1Z = (C227¥PFGT+N22A*PFPTHC224*0LOFT40228*FMGT+C225%PMPT) *C240/

1 TTGLR
IF(T.EN.THODY AUXLLZ = AuxiZ

TQTIL DIGESTIBLE NUYRIENTS

TONAT = TDNT/TQPOPT
TORINT = TONT*NREAT
DANT = TIPIPT-TNPEAT
PALT = PAyT
TF(TLLT.THODIGO TO 45
IF(TOPI®M, LELJ,1G0 TO 42
TONAM = ToNM/TOPOPH
GO TN 4

ThNAM = 0,

TORFAM = TNNM*NREQM
PANM = TOPOPM=TOPEAM
SA1M = PANM

3 CONTINUT

INFIRTILITY AND MASTITIS - PROPORTIONS

SFINFT = FINFT/PFPT
IFMAST = TEMAST/PFAT

FHAST = PEOT*PFMAST*{1,=FFINFT)

FERT = SFPT~FMAST-FINFT

BIFNUT = RZ30+AMINL(C231-0230, (C231-C230) #ExP(-CT232¢ (FONAT-

1 nA3N)

TFIT,LT.T400YGO 70 50

IF(RFEMLELM,)G0 TD 47

2FINFY = FINFY4/PFRM

PEMASY = TYEMASM/PFPM

GO 10 438

BFEINFM = RFMASM = 1,

EMASHM = PEPMEPFMASM*{1.=PFINFM)

FEKM = PFDM-FMASH=FINFM

TEITO20PM,GT.Ca)PICNUY = C230+AMINLI{C231~C230, (C231{-C230)+
EXP(=CM23I2*(TONAM~C233)))

nEMas
oEMOG
NEMOG
NEMOG
HTMOG
NEMOG
DTMOG
DEMOG
OsMOG
NEMDG
NEMOG
NEMOG
NEMOG
NEMOG
NEMOG
OEMQG
nE4osG
DEMOG
QEZMDG
NEMOG
AEMDG
DEMOG
NEMDG
NEMODG
NEMOG
NEHMOG
aTMos5
DEMOG
OEMO5
NZMOG
0EMOG
AEMAG
DEMOG
oo MO
DEMOG
NEMOG
nEMOsG
AC QR
NENGG
JAEMQG
BEMOG
OEMAL
DEXOG
NEXOG
NEMOS
JEMQG
DEMES
DEMOG
DEYOG
DEMQS
DEMDG
NEMDG
NEMDG
NEMOG
DEMDG
DEMOG
DEMOG
NEMOG
DEMAG.
DENGG
NEMHOG

112

113

H

L15

1145
117

i13
113
1290

121

122

123
124
125
12%
127
124
129
133

131
132
133
134
135
136
137
138
139
160

ik
162
143
144
145
146
147
148
143
1519

151
152
153
164
155
156
157
1593
139
161

151
152
163
164
165
166
157
158

169
170

171

172
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51 AoNTTNYE DEMOG 173
: DEMDG 176

D APPnELLO0S IS TREATHENT NEMOG 175

0EMOG 176

TACAD = T=-TO0 : DEMOG 177
ATAGTT = PRFT*AMAYLI{1,~C198*EXP{=-C199*TACAD), C242) EMOG 178
ATARMT = nfM NEMOG 173
ATAR = ATANTT+ATAAMT OEMOG 180
CTAAT = PFOUTLTEGFRTAT*IT+POTART* (PFPT-2FOUTL*DT) NEMAG 181
CTABM = (2FQUML*PS3FTEM=RFPTM*RCTADTI*NT+PCTABH Y (PFPY-{RFOUM1~ DEMAG 182

1 REPTHM) 2(T) QEMQG 183
CTAB = AMINL{CTAST+CTARM, PFPT+PFRM) NEMOG 188
TFIPFOM.LE, J,030 TI &2 DEMOG 185
PCTARM = CTRAMICEPM DEMOG 136

S0 TD A3 DEMOG 187

A2 PCTAOM = 9, DEMOG 188
51 PCTARY = CTAART/RFOT NEMOG 189
IF(PFAM.LE, 0,150 T F5 REXGG 190
PGFTAM = ((ATAAMT«RFLTM*PGFTBT) #0T+PGFTIM® (PFGH=- (BFM=-RFGTMI*AT) )}/ DEMOG 191

1 FRG DERQG 192
6D D ER : NEMOG 193

35 PLFTAM = 0, NDEMOG 196
B3 PGFTAT = (ATAATT*OT+PGFTATX{FFGT-BFY*0TIV/PFGT DEMOG 195
DEMOG 196

FOOT AN MOUTH TREATMENT NEMOS 197

NEMDG 1948

EXPDS = £XPOS+OT*ZXPAFT . NEOG 199
EXPACT = 1. . DEMOG 2J0
IF(TWGETOM EXPAFT=TASL TE(VALB,SHALLS, DIFFE,XA,T) NEMOG 201
ATAFT = AMTNL(ZXRRFT/COSTFT,TOPNPT} DEMOG 202
ATAFAT = (TOPOPT-ATAFTI*AMAXLI(L,-C2004CXP(-C204"TACADY, C244) DEMDG 213
ATAFTT = ATAFT+ATAFPT DEMOG 204
AYAF = (ATASTT+TOROOMY*02A3 : DEMGG 205
PATAFT = ATAFTT/TOROPT DEMOG 206
TF{T.GE.TONYOATANY = {ATAFTT+ATABTT*(1,=RPATAFT)} /T OPOPY DEMOG. 247
0EMOG 203

AQJUSTMENT OF INTERMEDIATE RATES ) DEMOG 299

DEMOG 210

RCHNAT = 1,=-(NILTL+OSFGT+PPFGTTI*NT DEMOS 211
ROHNGHM = 1.=(DRLML+PSFGM+PPFGTH) DT | DEMOG 212
no 1gg I=1,KGROF ' REMOG 213
RINTFTL(I) = RINTFTL{I)“ROHNGT NEMOG 2ib
RINTFML(I) = RINTFML(I)}*RCHNGM DEMOG 2415
113 GONTINUE DEMOG 216
RCHNGT = 1,={DRLT2+PSFPT+PPFPTIT)*NT : DEMOG 217
RCHNGH = 1,~(DRAUM2+P5FFPH+PPFFTM) *OT NEMOG 218
no 120 I=1,KPRODF ) DEMOG 219
RINTFTZ2(I} = RINTFT2(I) *ROHNGT DEMOG 221
RINTEMZ(I) = RINTFM2{T)*RCHNGM DEMOG 221
12) CONTINUE NENOG 222
RCHNGT = 1,~(DRLT1+PSMGT+PPHGTT)*DT DENMDG 223
PCHNGM * 1.={(DRLHL+PSHGM+FPHGTMI2NT NEMOG" 224
NO 140 I=1,KGP0M NENQG 225
RINTMTL (I} = RINTMTL{I) *RCHNGT NEMOG 226
SINTMMLLI) = SINTMMI (Y1) PRCHNGH DEMOG 227
14) CONTINUF NEMOG 228
RCHNGT = 1,~(NPLT2+PSHMOT+PPHMPTT)*DT DEMOG 229
PCHNGM = 1,=-{DRL M2+ PSMPM4+PPMPTMI *DT DEMOG 230
DO 160 I=1,¥PROINM NEMOG 231
QINTHTZ (I} = RINTHTZ{IV*RCHNGT DEMOG 232

RINTMMZ (I} = RINTMM2(I)}*ROHNGM OEMOG 233
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CALL DILTINFY, 263UTL, PINTFTL, DGROF, YDTF1, 0T, KuROF}

CALL DFLNTIRFOUPTL, RFOUT2, RINTFT2, DPROOF, IDTF2, DT, KPRDIF)
CALL NTLENTISAT, “MOUTL, RINTMTL, DGROM, IOTMi, DT, XGROM}

caLL ﬁ?}n?(?'OJPTl. RMOUTZ, PINTHT2, DPROOM, IDTH2, DT, XPRODM}
TR{TLT.TMADIGO TP 18)

BTON = (TUNA-TANYR) ZNT

TAE T (ITINGLA*THOOPM (TONAM=TONREQ} Y FTONRED

TOPORT]L = CFGT+FoRT+PYT

RFGTT = RAA*TFGTITQROPTY
PFPTT = CAARFCRT/TNPCPTY
PMGTT = 244*PMGT/TOPDPTE
KMPTT = DaA*PMPT/TORPOPTL
2FGTM 2 OFLTT

RFFTH = -RFETT

SMGTH = .2MATT

AMPBTM =z _owpTY

PPFGTT = RFGTT/PFGT
PPFPTY = RERJT/PERT
PPMGTT = 2WMGTT/PMST
PPMETT = 24BTTZEMDT
PPFGTY = RFGTM/PFGY
IF(PFGM.LE, (.Y PPFGTY = 0,
PFFRTM = 2FoTM/RFPY
TFIPFPM, Lz, ,)PPEPTY = g,

TPMGTA = IMGTH/PHGM

IF(PMIM, LE, 2. ) OPMGTHM = g,

PPMOTY = oMDTM/RYPY

IF(ONPM L E, 2, }PFAPTY = @,

TFIPFGM LG . .+ ANDLRINTFMIL1).EN. 0,360 TD 470

MALL DIZLDY(HFM, RFO0'M1, RINTFHis NGROF, IDTF1, DT, XGROF}
CPLL DFRPT(RFQUPML, PFQUM2, RINTFMZ, DPRODF, IDTF2, DT, KPROODF)
SRLL DELAT(21M, SHOUML, RINTMM1, DGROH,; IDTML, DT, KGROM)
TALL DELDT(RMOUCM1, RMOUMZ, RINTMM2, DPRODM, IRTMZ, DT, KPROOM)
GO To 1ap

10 172 I=1,K5S0F

RINTFM1(TY = PFAM/UDGROF*INTFLY

PONTTNUT

RFOUML = RFLM/DORDOF

no 176k I=1,kPRNNC

RINTFHZ () = PFPM/(OPROCDF*IDTF2)

FONTTNUT

PFOUM2Z = PFPH/OPRONF

0 175 I=1,KGROM

RINTMME{TY = PHGM/(IGROM*TDTHL)

TONTTNOS i

SHMOUML = PHGHZIGROY

N0 174 T=1,KPRDOM

RQINTHMZ2 (] = PYPM/(OPRODM*INTH2)

SONTIWIT

SHMOUM2 = PHOM/OBPRODM

~ONTINYS

3IRT4 PATES AND SIPTHS « TRAODITIONAL

CRANGT = TAALIZ(VA_ 4, SHALL4, DIFF4, K4, PCTABT)
AFRTZ = ART2+NT/NTLL1*(BRT-RRT 2}

NRT = TARLIc(VALL, SMALLL, DIFFis Kiy TONAT)
nELTZ2 = neT2e{1.-3RANGT}

BAT = ARLT24fFOT

IFT = ,SenAT

AEMOnG
JEMDG
NEMOG
NE#0QG
DEMOG
REMGG
DEMDG
NEMDG
nu?

CHT

GHT

cWT

cH?

DEMGS
D2EMAG
DEMOG
NEMDS
oM

CWs

v ].]

cus

oHe

i a1
WA

NE MO
CHB

DEMOG
[*L}.}

QENMQDG
nEMOG
DEMOG
NEMOG
DEMOG
DEMOG
NEMOG
DEMOG
NENOG
DEMOG
DEMOG
DEMDG
NEMOG
DEMOG
DEMOG
NEMDG
DENOG
DEMOG
DEMOG
REMOG
NEMOG
DEMOG
NEMOG
DEMOG
DEMOG
MEMOG
NEMOG
NEMOG
DENOG
NEMOG
DEMOG
nEXOG
NEMOG

k1
B3]
236
237
238
239

nd N
£ F
-y

NN
& 5
~NO OV M

n v
F
- I ]

2
W

N
At
PG E D e

N ne
@ W
[l

232
253
26%
265
266
267
264
259
271
271
272
27%
274
278
276
217
271
279
231
288
282
283
2R4
285
286
287
238
289
290
231
232
29%
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AMT = AAT-RFT
OBYT = RITZ2CRANGT

BIY4 RATES AND BIRTHS = MORERN

TRAT LT, TMODIGD TO 21C

LPANGM = TABLIS(vAL4, SMALLL, OIFF&4, X4y PCTABM)

BRMZ = RRMZ+DT/NCL 13 {BRM-AIMN2)

TRLTOPOPM, GT 5w )RR =TAALIE (VAL ML, SMALL MLy DIFFM1, KM1 , TONAM)
RPLMZ = 9O0MZ2%(1.="3ANGM)

BAN = RILMP*FERM
AFM = ,5¥RANM
AMM = BAM-AFY
THM = RRM2¥INANGY
TONT INUE
OEATY PATES AND NEATHS = TRADITIONAL
DRAT = TARLIStWALS, SHMALLS, DIFF5, K5, PATAFT)
APTL = NPT1+DT/NSL2%{0°GT-N"T1)
AxT2 = JRPTZ4+0T/0SLI*(DPPT=NRT2)
OPGT = TARLIEUVALZ, TMALLZ, DIFF2, X2, TOHAT)
DRPT = TASLIZIVALZ, SMALL3, DIFF3, %3, TONAT)
DRLT1 = DRY1*DRAT
ARLT2 = NDRT2*NIAT
DBFGT = PFGT*PNRL T
OFPT = PFPTH*ORLT?

NOLOFT = OLOFT*DRLTR

OMGT = PMGT*ORLTY

NOMPT = PMPT=NRLTZ

TOTHST = OFGT+OFPT4OMGTAOMPT «DALOFT
DRT = TATHSTY/TQPQPT

NEAYH RATES AND DEATHS - NODERN

IF(T,LT.THOOIGO TO 260

NRAM = TABLIE{VALS, SYALLS5, DIFFS, K5, PATAFM)

NPML = DRML +PT/NIL2® {DRGM=NRM1)

DRM2 = DRMZ +DT/QSL3* (DRPM=DRMZ)

TFCTOPOPMLGT L DRM=TABL IE (VALYZ , SMALLM2, DIFFH2 ,KN 2, TONAM)
TF(TOPOPM, GT. N, JDRPM=TARLIE (VALM3, SMALLM3, DIFF M3 ,XM 3, TDNAM}
DRLML = DRMi*DRAM

NPLMZ = NIN23NIAM

NFGY = OFGM¥DPLMY

NFEM = DFPYENRLMZ

NOLDFY = OLDFM*DRLYZ

DMGM = PMGM¥DRL ML

NHPM = PMPM*DRLM?

TOTHSM = DFGM+DF PM+ OMGM+DHPM+DOLDF M

I unou

JIF(TOPOPH.LE.0.?G0 TO 259

DRM = TOTHSM/TOPQPY
G0 TO 260

ORM = D,

CONT INUE

54035 - TRAOITIONAL
3.0 FEMALES

BP1 = PRAT**CLASTLI*PRSITL
PRESTL = AMINI{A4XTL, AMAX1{AMNTi, BP1))

nEMDG
neEMOG
NEMOG
DEMOG
pEMOG
IEMOG
QEMOS
oEMOG
NEMOG
DEMOG
NEMOS
DEMDG
OEMOG
DEMDG
NEMDG
DEMOG
OEMDG
DEMOG
NEMOG
DEMOG
DEMOG
DEMOS
NEMOG
DEMOG
DEMOG
DEMOS
DEMOG
DEMOG
NEMDG
NEMOG
NEMOG
DEMOS
DEMO5
DENOG
nEMOS
NEMOG
DEMDS
DEMOG
DEMOG
DEMOG
DEMNOG
NEMOG
DEMOS
NEMOG
DEMOG

_DEMOG

DEMOG
DEMOG
DEMOG
DEMOG
NEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DENDG
DEMOS
DEMNOG
NEMOG
DEMOG

294
235
296
237
2348
299
352
31
Jiz
33
34
335
3ib
307
318
309
310
31
312
313
Iy
s
36
317
318
319
320
321
322
323
324
325
326
327
323
329
330
331
332
333
334
335
336
137
338
339
340
a1
32
I3
iy

‘385

46
387
k1Y)
LY ]
350
351
352
353
ik



00

[s Ne Xy

QOO

3OO0

[£ 2% Re)

D200

e
3
4=

AP1L = PREST1+C206*PANT/OLDFT

PSFOT = AMINLCAMXTI, AMAXLC(AMNTL, AP1))
SOLNFT = QLOFT*PSFOT

PANT = PANT«SOLDFT

INFERTTLE AND MASTITIS

BP2 = PIAT*+*ELASTZ*PRSIT2

PREST2 = AMINL (BMXT2, AMAX1(BMNTZ, BPZ})
AP2 = PRESTZ2+C207*PANT/FINFT

PSINFT = AMINL{AMXTZ2, AMAXL{AMNTZ, APZ2))
SLINFT = FINFT*PSINFT

PANT = PANT=-SLINFT

BP3 = PRAT**ELASTI*PRSIT3

PREST3 = AMINL(BMXT3, AMAXI(8MNT3I, BRI
AP3 = PREST3I+C24E6*PANT/FMAST

OSHAST = AMINA(AMXTI, AMAX1{AMNT3, AP3I))
SLMAST = FMAST*PSHASYT

PANT = PANT-SLHAST

GROWING MALET

APy = PRAT**ELASTH*PRSITY

PRESTY = AMINL (BMXTh, AMAX1(BNNTL, BPL))
Py = PRESTLH4C2CA*PANT/PMGT

FEMGT = AMINI (AMXT4, AMAXLICAMNTG, APLE}
SLSMGT = PMLGT*PSMGT

SANT = PANT=SLSHMGT

GRIWING FEMALES

APS = PRAT**E{ AST5*PRSITS

FRESTS = AMINL{BMXTG, AMAX1(BHNTS, BPS5))
APS = PRESTE+C229*PANT/PFGT

PSFGT = AMINI(RMXTS, AMANLUAMNTS, AP5))
SLSFGT = PFGT#PSFGT

PANT = PANT=-SLSFGT

FERTILE FEMALES

AFG = PIATS»C| ASTR*PRSITE

ORESTS = ANINLI(AMXT6E, AMAX1(BMNTE, BP&))
APB = PRTSTH+CZ1. *2ANT/FERT

PEFERT = AMINL {AMXTH, AMAXLLAMNT®, APB))
SLFERT = FERT*PSFERT

PANT = PANT-SLFFRT

PRIJUCING MALES

TP7 = PRAT**LLASTZ*PRSIT?

SREST? = AMINL(BHXT?, AMAX1(BMNTT, BP?))
AP7 = PRESTT+C2L1*CANT/PMPT

PSMPT = AMINLI{AMXT7, AMAXL(AMNT?, APT})}
SLSMPT = PHPT*PSHPT

MISCZLLANEOUS

SLSYFT = RMOUTZ#(1.~(DRLT2¢PSMPT+PPHPTT)*DT)
SLSHMLT = SLSMPT+SLSMFY

SLSHMT = SLSMLT+SLSMGT.

SLSCCT = SLINFT+SLMAST -

NEMOG
NEMOS
VEMOG
NEMODG
NEMDS
NEMOG
0FMOG
=MoL
OEMOG
DEMGG
DEMGS
DEMDG

DEMOG:

DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
nEMAG
DEMOS
nEMon
NEMOG
BEMOS
DEMOG
DEMOG
TEMGE
NEMOG
NEMOG
EM0G
DEMOG
DEMOG
NEMOG
NEMDG
NEMOG
DENOS
DEMQG
NEMOG
IEMOG
DEMOG
NEMOG
DEMOG
DEMOS
DEMOG
DEMOG
DEMOG
DENOG
DEMOG
DEMGG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOS
NENOG
NEMOG
DEMOG
0EMOG
OEMOG
DEMOG
QEMOG
DENOG

355

156

157

158

159

360

LI

352

151
360
355
356
167
358
359
374
371
372
373
374

375
376
5184
378
179
380
381
iRz
333
39k
385
386
187
388
193
330

301

192
293
334
3a5
336
397
3943
199
400
831
402
403
4
4ns
w25
W7
408

40a
410

411
412
413
Wik
415
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SLSFPT = SLSOMT#SLFERT

OSFPT = SLSEPT/PFPT

FEMSCT = SLSRSCT+SOLOFT+C214° SLFSRT+C215%SLSFGT

SLSFT = SLSFPT+SOLDFT+SLSFGT

SLST = SLSFT4SLSMT

SLEPTP = SLSPT/TTSL®

SLSPT = (SLSCCT+SOLDFTISC226+SLSMPT*C2254SLSHFT+SLFERT* 022k
1 SLSFGT*r227 +SLENATAC 224

SALFS -~ MONE®SN
IF(T.LT.THOMIGDY T7 4D

ALY FEMALES

BM1 = PRAT**LCLASMI*PREIML

PRESM1L = a-INL{AMX¥1, AMAX1(68MNM1, 8BMi))
AML = PRESM1+CP2I6%PANMZOLDFM

PEFOM = AMINLI{AMXML, AMAX1(AMNML, AMi))
SOLDFH = OLDFMPPSFOM

DANM = PANM-SOLNM

INFERTILE AND MASTIFIS

AH2 = PRATSSELASH2*PRSTMZ

PRESMZ = AMTHL(BHX4Z, AMAXL{BHNMZ, BM2))
AMZ 3 PRESMZ+C207*PANM/FINFM

PSINFH = AMTINLLAMNM2, AHAXLC(AMNMZ, AM2))
SLINFN = FINFMSPSINFM

BANM = PANMSLINFM

BM3 = PRAT*SCLASM3®*PRSIMN3

BRESMI = AMINI (BMXY3, AMAX1(BMNM3, BM3))
AMY = PRTSH3+C2LE*PANMAFMASM

PSMASM = AMINLC(AMXMI, AMAXICAMNMI, AM3))
SLMASM = FMASH®*PSMASH

PANM = PANM-SLMASH

GROWING MALES

AMis * PRAT®FCLASHU®PRSIMG

PRESMy = AMINLC(EBMKML, AMAX1CAMNM4, BM4))
AMG 2 PRESML+C208 *PANM/ PMGH

PSMGN = AMINL (AHXMG, AMAXYCAMNM4, ANMW))
SLSMGM = PMGM®PSMGM

PANM 2 PANM=SLSHGM

GROWING FEMALES

BH5 = PRAT*®CLASHI*PRSIMS

ORESMS = AMTNL(BMXM5, AMAXL(GMNMS, BMSY)
AMS = PRESMS+C209*PANM/DPFGM

PEFGM = AMINLCAMXM3, AMAXLI(AMNMG, ANG))
SLSFGM + PFGMEPSF3Y

PANM = PANM=SLSFGM

FERATILE FEMALES

BHG » PRATS*SELASME®PRSTMNG

PRESMS = AWINL (BHXMG, AMAX1(BYNME, BNS))
AMG v PRESHG¢C21C*PANH/FERN

PSFERM = AMINL {AMX46, AMAX) (AMNMNG, AMB)}
CLFERM = FERMEPSFEIM

DEMOG
PEMOG
NEMOG
DEMON
NEMDG
DEMOG
DEMOG
DEMOG
NENOG
DENDG
DEMOG
NEMOG
DEMOG
NEMOG
DEMOG
DENOG
NENOG
DEMOG
NEMOG
DEMOS
DEMBG
DEMOG
BEMOG
IEMOG
DE M0OG
DENOS
DEMOG
NEMOG
NEMOS
DEMOG
0EMOG
DEMOG
EMOG
NEMOG
DEMOG
DEMOG
DEMOG
DENOG
DENOG
DEMOG
DEMOG
BEMOG
DEMOG
BEMOG
DEMOS
DENOG
DEMOG
IEMOG
DEMOS
DEMOG
DENOG
DENDSG
DEMOG
DENAG
NENOG
DEMOG
DEMOG
0ENOG
DENOG
BEMOG
DEMOS

klH
17
L3N]
419
»20
.21
W22
w23
W24
825
W26
W27
h28
23
433
431
W32
433
434
435
%17
%44
L38
433
Y
bl
4?2
443
il
%
“hd
b?
(Y9}
469
450
BS54
w52
453
w56
455
456
w57
[ 11
59
W60
&61
Wi 2
453
(%419
465
W56
a7
(1%
469
(Y4
[ Y53
W12
&7
wle
ols
(%4 1
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BANM = PANMLCLFZOM
FROOUCING MALES

AM7 = PRATHSELASHT*PRSTH?

PRESM7? = A4YINL{OAMXY7, AMAXL(BMN4T, BM7T))
AM7 = PRESH7C211%PANM/PHPY

BSHPM ¢ AMINL{AMXY7, OMAXY CAMNMT, AM7})
SLSMPM = PMPM®PLMPM

MISCELLANEOUS

SLSMFH = RMOUMZ* (1.~ (DRLMZ+PSHPM4PPMPTM)*OT)

SLSMLM 2 SLSHMPM+SLSMFM

SLSMM = SLEMLM+SLSMGH

TLSCCM = SLINFM+SLMASM

SLSFPM = SLECAM+SLFERM

IF(PFPM,LE.T.)G0 .T) B4

PSFPN = SLSFPM/PFPM

GO0 Tn =9
59 PSFPM = f,
53 FEMSCM = SLSOCM+30LDFM+C2L4*SLFERM+C2L53SLSFGH

FEMSC = FEMSCT+FIMSCM

SLESFM = SLSFOM+SOLOFH+SLSFGM

SLSM = SLSFMeSLSMM

TSLS = SLST+SL3M

SLEPH = (SLSCCM+SOLOFMI*C2244SLSHPM*C225+SLSHFMeSLFERN®C 226+

1 SLSFOGM*C227+3LSHGM¥C 223

53 CONTINUE

MILK PRODUCTION

SFLACT = ARLT2*CT261 :

AMT ={FERT*{PATAFT+{1,~PATAFTI*,82+(1, ~FATAFT}®, 18%,85)) *PFLACT»
1 CT2N2¢¥YMAT*TAIENCCVALE s+ 31y.F1s4y TONAT)

AMCT = QU T/ (CT252%240.*PFLACT#FERT)

IF(MAL,LT.1)G0 T 300

PFLACY = RRLMZ2¥MM2:41 .

OMM = (FEIM® (PATAFM& (1, -PATAFM)®, 824 (1, -PATAFN)}*,18%,45) )*PFLACHY
2 NM2I2%YMAM*TABEXE(VALG o384 T1 4, TONAM)

AMCM = AMM/ (CM222*250, *PFLACM*FERNM)

731 TONTINURZ

EXTRACTION RATIO AND TOTAL SUPPLY

SUPCTA = SLSACT+SLSHLT+SOLOFT+C212%{SLSCCH ¢SLSHLM+SOLDFM) #0213
1 (TOTHST+ TOTHSM) 4021 4% (SLFERT+G212*SLFERMI+C215% (SLSFGT+
? C212%ELSFIM) #0214 6% (SLSMGT+C 21 2*SLSHGN)

SUPBH = SUSCTALSTGL

TOPOPK = TOPUKDQ®*SXP(D217%7)

SUPT = SUPCTALTOPIPK*TABLIC (VAL SMALLINIFFI, K9, AMOD(T, 7. )}

TQPOP = TOROPR+TOPIPK .

EPS = SUPR/TOPOP

ZRPT = FLRY*BOLT>/TOPOPT-NAT

FRT = (SLSFT+SLS4T) /TOPOFT

ERPM = SERM¥ARLH2/TOPOPM-NRM

EFM = {SLSFMsSLSHM ZTOPOPM

DR? = (TDTHST+TNTHSM) # TOPOPP
ERPR = {FERT*ARLT2+FERM®ARLMZ) /TOPOPR=-DRR
CRR = (SLSTeSLSMY /TOPOPR
3P = [(MMT+BAM} /{PFAT+FFPH)

DENOG
NEMOG
DEMOG
0EMNG
OEMOG
NEMOG
NEMOG
OEMNOG
OEMGG
DEMSL
DEMQG
JEHOG
NEMOG
DENOG
DEXOG
NEMOG
DEMOG
DEMDG
nEM0G6
NEMOG
DEROG
NE MG
2EM0G
JEMCE
BEMGG
DEMOG
NEMOG
AEMDG
OEMOG
DEMOS
DENOG
OEMOG
DEMOG
OEMOG
DEMOG
neEMOG
DEMOG
DEMOG
DEMOG
0EMOG
DEMOG
DEMOG
DEMOG
DEMDG
DEMGG
DEMOG
DEMOG
0EMOG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
0EMOG
NEMOG
DENCG
0EMOG

477
%4}
479
b3Q
WAL
ha?
W3
[3.1)
485
11
Wa7
11}
W89
30
k33
492
L33
434
435
+36
%37
483
%39
540
D
892
513
5i4
503
506
sa7
508
599
510
511
512
513
514
515
816
517
518
519
520
521
522
523
G2
825
5286
527
528
529
S30
531
532
533
536
535
536
537
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CATTLE SFCTOR PRINTING

IF(IPRINT.LT,1IRETHEN
ENTRY CATPRY
PRINTIONY T yPFGT4FINFT s FMAST ,FERT , PFPT , OLDF T PFCT ,PAGT ,PMPT, TOPOPT
PRINTADLy SLSFGT,SLINFTSLMAST,SLFERT,SLSFPT,SOLDFT,FCHSCT, SLSMGT,
1 SLSMPT,SLST
CPINTOIB, SLSCCT SLSMFT s SLSML T SLSF T, SLSNT SLSPT,,SUPCTA ,SUPR,SYPAH
ORINTAL2,BP1,BP2,593,BP4,8P5,9P6,BP7,PPFGT,PPFCT
PRINTIL 4y PRESTL,PRIST 2y PREST 3y PRESTH ,PRESTS ) PRESTE ) PREST 7,4 PPUGT,
1 PPMPT
PRINTO16,4P1, A°Zyl°31ﬂPu,lDSslP6;ﬂPT TOROPK, TOPOP
PRINTI18,PSFOT,PSINFT  PSMAST 4 PSMGT 4y PSFG Ty PSFER Ty PSHPT, PEFPT
PRINTIZ2sATARTTyCTASY yOGFTRT4PCTABT JATAFT ATAFFT ,ATAFT T4 PATAFY,
1 EX®DS
PRINTIZ6,CRT,EPPT 4TSRS PFINFTPFMAST,,PIFNUT,,TONAT ,PALT
PRINTOI0 yAFT ,BMT 4 BTy IPLTZyBPT2,CBANGT QMT ,GMCT
PRINTIZUyNRAT, ORT1,ORLT1, DRT2, ORLT 2y DRGT, DRPT, ORT
IF(T.LT.TMNN) RETUCLY
PRINTOS Ly PFGHy FINFMy FHASHFERM yPFPH, OLNFMyPFCH gPMGH 4 P4PHMy TOPOPH
PRINTISB,SLSFGMy SLINFM, SLMASHSLFERM,SLSFPM, SOLOFM, FEHSGM.SLSHGH,
1 SLSMPY,SLSH
PRINTIG2, TONAM, PA1H SLSCCH,SLSHFH.SLSHLN,SLSFH.SLSHH,SLSPH
PRINTI63,RFGTT,RFITT,RNGTT,RMPTT, RTON, RAS
PRINT 65.PPFGTT,DPFPTT,PPHG?T.PPHPTT,PPFGTH.PPFPTH.PnnstH.PPHPTH
PRINTIGE »BM1 yAMZ2, 8433 M4, BM543M6, BMT s PPFGM ,PPFCH
BRINTITI,PRESML,,PRISNZ, PRhSH3.PQ:SH&,PRESHS.PRESN&.QQ;SHT.PPMGH,
1 PPMEIM
PRINTI? 4 gAML ,AM2 3 AN3, AML, AME JAMB, ANT
PRINTI7 Ry PSFOM ,PSINFHM, PSMASH ) PSHGN s PSFGM, PSFERM, PSHPH, PSFPM
PRINTOAN (ATABMT ,CTABM PGFTAM, POTARM PFINEMPFMASH, PIFNUM
BRINTIBA ,RFMyBMM,; BRM s BRLH2yBRM24 CAANGM 5 QHM , OMCM
BRINTIANZ, DRGMy RM1L, NP LMY, DRPM, DRM2 3 DRL M2, DRMy ERM, ERPM
PRINTIOG,BRC,NAR, SRAUSERPRyATAR,ATAF, TSLS,FENSC,TOPOPR
RETURN
370 FORMAT(35H1JUT?UT I° SUBROUTINE DEMOG AT TIME,F8,2/71H0,9%,
1 GHPTGT g ANy SHFINT Ty 7X ) SHFMAST 47X  4HFERT o BX , 4HPFRT, 8Xy
2 SHOLOFT g 7X g wHPFUT p BX ) LHPHGT 3 BXy &HPMPT AN, GHTOPOPT 71H0,9X,
3 100211, 0,1%))
935 FORMAT (1HC y 3N GHSLSFGT y X pSHSLTINFT o6X, 6HSLMAST 46X, 6HSLFERT 46X,

1 EHSLSFPT AXyBHSOLDOFT, BXyBHFEMSCT 5 6% y6HSLSHGT ,6X, 5HSLSMPT,
2 5!.#HSL§T!140|°1'10l611 4e1X))
948 FORMATCLH],9%, BHSLSCCT 6 Xy 6HSLSHFT 46 X4 GHSLSMLT 46X,
1 SHELSFT, TXy 3HSLSMT, 7X, SHSLSPT, 72, 6HSUPCTA,6X,
2 4HSUOB, 8X, SHSUPBH/1HD 38X, 9E12,.4)
912 FORMAT(1HO 33X, THAPL, IX ¢ IHBPZ yIX 4 JHBPI 33Xy THEPL 99 Xy IHAPS » Iy IHAP 6,
1 Xy IHBR 7, 21Xy SHPPFGTy 7X o SHPPFCT/LHE 8 Xy TE12, Ly 12X 4 2EL2, 4}
914 FORMAT(1H0, ¥, BHPREST 146X 6HPREST2 ;6% 6HPRESTI 16X, 6HPRESTA, 61X,
1 BHPRESTS y6 Xy RHPRESTE EX,6HPREST 7 318Xy SHPPMGY , 7X, SHPPNPT/
2 1HO 38Xy TE124 4o 12X, 25124 4)

915 FORMAT(LHO 9%y IHAPL 9Ny IHAPZ 39X, IHAP 39X, JHAPY 49X, IHAPS, 9X 4 3HAPG,
1 X s IHAPT7 3 21X 4 GHTOPOPK s SNy SHTOPOP/LHOy BXpTELZ a4y 12X, 2ZEL12. 4)
918 FORHAT(1HE'Qt,SHPS'OT,?1,6H951NFT,GX,BHPSHAST.bx,SHPSHGT,?x,
SHDSFGT.TX.aHPSFERT,EX.EHPSHPT.?x.SHPSFPTItuD,QI,alEli.h,
1X)}Y
922 FORHafllHO.prﬁHﬂT&RTT.SX,sHCTABT.TK,&HPGFTBT.EK.GHPCTnBT.sx.
SHATAFT 3 7TX,6HATAFOT , 6X,6HATAFTT X BHPATAFT , 6X,SHEXPOS/
1HG 3 AX,FEL12. 6]
325 FORHAYI1Ha'QX,3HEPT19x’4HERPT,ux,3HERS,GI.GHPFINFT,GX,ﬁﬂPFHISI,
1 BY yAHPIFNUTy X 3 SHTONAT s 7X s bHPANT /LHG 80X p8EL12,40)

g -

Nh'

nEMOS
DEMOG
DEMOG
NEYGS
NEMGG
0EMOG
0EMOG
NEMAG
BEMOG
NEMOG
DEMOG
NEMOG
NEMOn,
NEMODG
OEMOG
NEMOS
DEMNOG
DEMOG
NEMGG
NEMOG
DEMOG
NEMOG
DEMOG
NEMOS
DENOG
NEMOG
DFE MOG
DEMOG
DEMOG
NEMOG
NEMOG
DEMOG
DEMOS
DEMOG
DEMOG
OENOG
DEMOG
DEMOG
DEMOG
DEMNOG
NEMOG
NEMOG
DEMOG

- DEMOG

AEMOG
DEMOG
OEM0G
DEMOG
DEMOG
QEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
DEMOG
NEMOG
DEMOG
DEMOG
DEMOG
OEMOG

552
543
556
555
566
567
553

569
571

571
s72
573

574

575
576
577
578
579
580

583
S84
535
546
5K7
584
589
590

534
592
593
534
595
596
537
539

603
604
605
606
817
LR}
609
510
611
612
613
&le
615
516
617
614
619
520
621
627>
623
624
625
526

627

528



378

~373) FOFMAT {1HC 49X, 3HAFT 4 X, IHBNT , 9X, SHART , X SHARLTZ , 7X y4HBRT 2, B X,
1 SHCIANGT 4 A Xy FHAMT 3K 5 aMOMET FAHG 3 TAH B(ELLa by 1 XYY
93% FORMAT(1MO 39Ny 4HDRAT AN S 4HDRTE 38X SHORLT1 4 7 X 4HDRTZ SNy SHORLYZ 4
1 PRy +HOIRGT, 3¢, UHORPT s A X4 4HNRT FLHI»INHA(E11.4,41X))
9354 FORMAT (LHY ; 3y 4HAFGMy A G SEHFINFM, 7X 3 BHFHASM,, 7 Xy LHFERM 3 A X g GHPFPM, BX,

1 SHOLNFMy TR g4 HPERM, A% o kHPAGM 98X p 4HPMEY , 8%, 6HTOROPM 7
2 L1HG y 9%y 151C1 1, 64 1%))
958 FORMAT(1HN,9X, PHSLSFGM, BX, 6HSLINFM 86X, 6HSLMASH 6%, BHSLFERN, X,
1 BHSLEFPY ¢ Xy 5HSOLDFMy 6K gGHFEMSCN p6X 36 HSLSMGH 5%  EHSLSHPM,
2 6¥,hHSLS”!140,%*.15:12.h)
952 FORMAT [LHD 33X, SHTINAM .7 X, G HPANH, BX s GHSL SCCM, 6X y BHSLSMF My 6X,
1 SHSLSMLHEXySHSLEFM,7 XgSHSLSMM s T X3S RSLSPM/ LHD 48X,y REL2, &)

353 FORMAT(1HCs IXNySHIFGTT 3 7 X4 SHRFPTT 3 7Xa SHRMGT Ty 7X 4 SHRHP YT, T H o bHITON,y
Xy THRABZLHDY 49X, 6{E11.6,1X)Y
9535 FORMAT (1HT ,IX46HPPFGTT 46X 3 AHPOFPTT 463y SHPPMGTY 62Xy BHPPMPTT 56X,y
1 BHPIFGTY,6Xy bHPPFPTH, Xy bHPPHGTM 36X s BHPPHPTH /1404 9X,
2 A{ENL.Ly1X))
355 FORMAT (1H 39X, TH34Y1 40Xy JHBM2 39X, IHBMI» IX» IHBMY, 9!,3HBH5,QX.3HHH6,

1 T GX, IHAMT , PAN, SHEPFGM, T G SHPPFCM/ LHC pBX, TEL12, 4y12%,2512, 4)
973 FORMAT (1M, IXyBHPITISML1 46X yGHPRESHE 3 A Xy GHPRESMI 10X DHPRESML, BX

i AHPRISME 48Xy AHPRESME s Xy bHPPESHT7 3 18Xy SHPPMGHM » 7 Xy SHPPMPH/

,

IHCE 3 8Y 3 TELR2 4y 12X, 2E12, 4)
974 FORMAT (LHN 9%y 3HAML ,9X 3 THAMZ 33X 4 IHAMS s IX» IHAHG 49X, IHAMS, IX 4 FHAME,
Ay IHAMZZ1IHG Xy TIELL, byl X))

975 FORMAT (LH] p 9y SHESFOIM, 7 X3 6HP STNFM; 6X BHPSHASH, 6X s SHPSMEM, TX,
1 EHOSFGM TX 3 SHPSFERM,6X, 5HPSHPM'7X.5HﬂSFF“I1H0 99Xy
2 9¢211.441%X))

931 FORHATtlHE'QI,BHATKB"T,GX,5HCTAHH TK,nHPGFTBH,bX,ﬁHPGTABM,SK,
1 GHPFTINF My Xy BHPFMASH, AX s 6HP IFNUMALIHO,8X ,7EL2.4)

933 ‘0RN§T(1HG;9!,3HBFH.9X.3HRHN.9X.3H3QHn9K,5H8RLH2|?X,4HHRH2,BK.
1 SHEBANGM , BX p THIMM, OX, LHOMCH/LHD » 9Xp BLELL b,1X))

992 FORMAT{1H] N, 4HNRGM, BX 34 HDIML 48Xy GHORL MLy 7H ;4 HOROM 48X, GHORMZ, 8 X,y
SHNOLHZ, 7¥y SHORM; 90y IHERM y ANy GHERPMALHD 48X, 3512, 4)
335 FOPHMAT(IHG 39X, THBRR, IK IHORR 3 I¥ 3 IHERRy IN L HERPR, BX, LHATAR, AX,
1 © WHATAF 48X g bHTSLSs8X 4 SHFEHSC 47X, SHTOPOPR /LKL, 8%, 9512, &)
ENTRY CATSFY
PHMGY = 1176131,
PHMPT = 943302,
PFGY. = 1183410,
PFRT = 2624304,
OLRNFT = 27040,

TOPOPT = FFGI+PFPT+OLDFT+PMGT+PHPT
PSFET = .13

PSFPT = 017

PEMGT = ,1

OSMPT = ,135

OSFGH = PSFPM = P34GM = PSMPY .= 3,
SLSFGT = PSFGT*PFGT

SLMAST = ,J0R*PFRT

SLINFT = ,ufusPreT

SLFERT = L(02%PFaT

SLSFPT = SLFEPT+SLMAST+SLINFT
SOLDFT = ,S5*0LNFT

SLSFT = SLSFGT+SLSFOT+50LDFT
SLSMGT PSMGT*PMGT

SLSMPT = PSMPT*PMPT

SLSMT = RMOUTZ+SLSHGT+SLSMPT

SLSPT =  (SLINFT+SLMAST+SOLOFTY*C224+SLSMPT*C225+3LFERT#C226+
1 SLSFGTHM227+SLSMGT*C22R

NRGYT = .ottt

ORTL = 241

NEMOG
NEMOG
DEMOG
DEMOG
DEMON
NEMOG
NEKNDG
DEMOG
DEMOG
nevgn
DEMOG
NEMOG
NEMOG
NEMDG
NEMDG
NENDYS
JEMDS
NEMOG
NEMDG
JEMOG
NEMOG
BEMOG
NEMDG
DIMOG
AEM0G
NEMOG
NEMOG
DEMDG
NEMNG
IEMOG
NEMOG
NEMOG
DEMOG
DEMDG
NEMOG
DEMDG
NEMDG
DEMDG
AEM0G
DEMOG
DEMOG
NEMOG
DEMOG
NEMOG
nNMOG
NEMOG
DEMOG
DEMOG
OENOG
NEXOG
DEMNODG
OEMOG
NEMOG
NEMOG
DEMOG
0EMNDG
NEMDG
AEMOG
DEMOG
M MNG
NEMOG

527
532
531
532
LR1Y
635
83k
3T
538
6319
541

Gak
L LY
546
L7
BuR
549
651
BS1
ahk2
653
BS54
655
656
AT
554
559
657
581
662
663
11
664
5710
571
a72
67%
674
675
676
677
674
679
781
6814
682
683
BAGL
BAS
L
&A7
6A4
6549
899
531
haz2
593
CELY



1o

12

1w

16

nPLTL = ,15

MPRT = L0025

DRY2 = ,N25

DRLT2 = .43

OFPT = DRLT2+PFPT
aRY = ,7

ARYZ = ,625

AFT = PEPT,6%,5
BMT = BFT

rRY = ,N25

PGFTBT = .05
PCYART = .1
EXPAFT = 0,

EXPDS = 0.

PATAFT = .3
PATADY = G244
PFMAST = 08126

PFINFT = .13

PIFNUT =-0,

00 10 T=1,XGROF

RINTFTL{I) = PFGY/(OGROF*IDTF1}
RINTFMLIAI) = 0.

NONTINUE

RFOUTL = PFGT/DGROF

DO 12 I=1,XPRODF

RINTFT2(I) = PFPT/(DPRODF*IOTF2)Y
RINTFM2(T} = 0.

CONTINUE

RFOUT2 = PFPY/ZOPR0O0F

‘DO L4 I=l,KGROM

RINTHTL(I) = PMGT/{DGROM*IDTML)

RINTHMIII) = 0,

CONTINUE

RMQUTL = PHGT/ZDGROM

DO 16 I3i,XPRODM

PINTNTZ (T} = PMPT/(DPRODM*IOTMZ)

RINTHM2(T) = 0.

CONT INUE

RMOUTZ 3 PHPT/OPROIN

PFGM = PFPM = OLDFM = PHMGM = PHPM = 3,
SLSFGM = SLSFPM = SLSMGM = SLSMPM = SOLOFM = 0,
SLSFM = SLSNM = SLYASM = SLINFM = SLFERM = §,
SLSCCM = 0,

SLSHLM = 3,

DRGM = 032

DREM % 012 :

NRMY = DRLM1 sDRGM

DRM2 = DRLMZ = DRPM

nFp = 0,

TOTHSM = 0.

BRM = .8

ARM2 = RRY

BFM = AMM 3 0,

com = 0,

PGFTEM = PCYARM = PIFNUN = PFMASM = PFINFM = 0,
PATAFM = 1.

RMOUMI * RMOUMZ = FOUM1 = RFOUMZ = g,

RFGTT = RFGTM = RFPTT = REPTH = RNGTT = RMGTM 3 RMPTT = RMPTH = 0,

PPFGTT = PPFRYT = PPMGYT = PPMPYTY = ],
PPFGTM = PPEPTM = PPMGTM = PRMPTM = g,
RETURN

nEw0sG
NENOSG
0EMOG
NEMOG
NEMOG
DEMOS
NENOG
OEMOSG
DEMNG
DEMOG
NEMOG
DE MOS
DEMOG
NEMODG
DEMOG
nEMOG
DEMOG
DEMOG
DEMODS
REMDS
DEMOG
DEMOG
IEMOG
DEMQOG
DEMOG
IEMAG
DEMOG
DEMOG

DEMOG .

0cMos
DEMOG
DEMOG
DE®QG
DEMOG
DEMOG
DEMOG
DEMOG
NEHOG
NEMOG
NEMOG
DEMOG
NENDG
NEMOG
OEMOG
DEMOG
DEMNG
DEMQG
DEmMOG
NENOG
NEMOG
DEMOG
DEMOG
NENOG
DEMOG
AEMJG
DEXOG
NEMOG
OEMOG
DEMOG
OEMOG
NEMOG

535
695
697
%98
699
713
711
Tiz
703
70t
106
76
mr
718
703
710
Tig
712
713
Tin
716
718
717
718
719
req
721
T2z
723
724
728
726
27
72n
29
T3
Ti1
732
733
T3k
715
738
737
738
739
Ted
51
Tu2
763
Thi
745
[£3:]
b % 4
Tut
769
753
751
752
753
5.
158 .
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50
100

108
110

SUBRQUTINE MONCHD
UOHMON JACCAUNY DRLAT, AMGAT  ACLAT s VLAKD T, YLDYXT, TAXCT, AGSUT,
DRLAH, ARLAM  ACLAM G VL ANDM VLD TXM, TAXCH, AGSUM,

ALPHL, TEC, TCEC, TRUSLI, TLF . TLFP.CPLF, RINT,RINTL,
CREDT,DI1R,C250,C255,C254,LT1, T2+L.T3,CASTG+CSTGH,
ECCRP S, PCROPY, PCRIPL, PFCROP,

EviDCJ  YLOCU,, YLDCL YLOFC. BDYLDCUSDYLDCL,DYLDYC

EIRY [N ST

REAL NCFR
COMMON JCONTRLYZ T,0T.0UN, IRUNL,BEGPRTPRTCHG,PRTVLL1,PRTYL2, IPRINT,
1 MaL.T+00, 7DD

COMMON ZLANNZ  "TALeTTGL, TTGLL, TTSLUL, TTBLUZ,TGLSF O,

’ TRSL+TLMOD. TLHODL. TLMAD 2, TLHODE. YTHLR. TGLR
TLc“L.TLCBUaTLCRUP.TGLSF-TGLUEP.TLF:aTLG.
XR1sRL,R2,PR2,PDR, CAM, RLM, RLMT, RLERU, AUXY , AUXS,
ARML, ARMZ2, ARMS, ASaCOJGRT.CPLPT.!DEL.NPTN GRE

DlHENaIDN TnAlhits).T?AlM2¢21.TRAIN3t10) .

DATA LTL,LT2,LY3.N0CYL,NOCY2,NOCYZ / 34 1. 8r 4. 4, 4 f
DATA C234,C235,02%6.0257,E12,E43 / ,8, .5, 1%, 0805, 1,2
DATA TCI,TCL.TC2+VYCFaCRUMAX / Bes 134 1544 15,0 10D000D n
DATA RPTNLEXTA / .2, 250, /

TRNSLL = TRNSLi+DTw(AUXS-BOUTL-TRAINL(I)# (1, ,ma5}}

TRNSL2 = TRANSL2+DT«(BOUT1=B0UT2)Y

TRNSL3 = TRNSL3I+DT«{BOUTZ-B0UTSI}

TRAINLC3) = TRAINI(I)eAS .

CALL POXCUAUXS,BOUTL1,TRAINLNCOUNL,NOCYL.LTLsSUMINL}
IF(LT2,LT,2160 TO SO

CALL BOXC(HOUTABOLT2,TRAINZ,NCOUN2, NOCY2.LT2,SUMINZ?

GO TQ 1q0

BOUT2 £ BOUTL _

Call BOXC(BOUTZ,BOUTI, THAINZ, NCOUNI,NOCYS, LTS, SUNINY)
AUXS = (CHM«ARMI®*AMINI{1.s RLMIZCAMINT(ARME. ARM2)+ARM3) )} )eTCECT
1 (La~HPTN) .

ALPHL = C234»AMIN1(1,-C234, (1,-C234)¢EXP{=C234+{PDR~C235}))

CSINPH = CSINPHwROSTOT

CSIAPH = CSIAPHeRESTDT

CSPAPH = CSPRAPH«ROSTOT

USPFGH = CSPFGHeRCSTDY

CBSYG = CRSYGwRCSTDY

CSIMAP = (1, =CPLFY«CPLPT#CSIAPH

CSPLFG = CPLF*CSPFGH

CSTGH = CPLF+CRSTGw2,o(253¢C254/C25)

IF(MAL,EQ.4,0R, MAL EQ,3)G0 TO 198

CSPLAP 2 (1. «CPLFIat1,=CPLPT)+CSPAPH

Go To 110

CSIMNP = (1. «CPLF)wll,«CPLPT)«CSINPH

TEC = CSIMNP+CSIHAP+CSPLAR+CSPLFG#CSTaH

TCEC = ALPHi#TEC

CRTREQ a TCEC+{i.,-RPTN)/LTL

ACRDTA = ACRDTA#DT#ACRDT

CALL GRAPH{TCJ,TC3,TC?,TCF,CROMAX, Y, ACRDYY

NCRDT & TRHSL1/LTY

CREDT = AMAY1(ACRDT-DCRUT, 0O,)

ARMYL = CREDY/CRTRFQ

ARM2 = NCFReLT1/(TCECPRFTN} .

ARME = (NCFRzAMINI(ARYL1s ARM2)#YCEC*RATH/LTi)#LTL/TCEC
=

bm‘i\al‘

A5/

’

4
'K

AUXT AUXT+LAUXG-AUXTY*DT/X0EL

AUXS = 1,=AUX?

EXTR » C257«TRSL .
IFCEXTH,LE. G, 0RNCROT,LE, 04260 TO 123 )

A5 # AMIN1{F12#EXTAZEXTH, 1.)e(AUXToAUXT*AMINTCEL3#ACRDY/DERDT,

DALAY,DCRU,FARMIC, DBTOUS, DCRDT,RESTDT,EXPLIV,NCFR,

MODCRD
ACcouy
ACCOUN
ACCOUN
ACCOUy
CW?7
ACCOUN
ACCOUY
ACCOUY
cus
ChS
LAND
LAND
LAND
LAND
LAND
MDDCRD
MODCRD
MODCRO
®#ODCRD
MODCRD
MOQDCRD
MOOCRD
MODCRD
MODCRD
MODCRY
MODCRD
MODCRD
MGDCRD
HODCRD
MODCRD
MODRCRD
MODGRYO
MQDCRD
MODCRD
MGDCRD
MODECRD
HODCRED
MODCRD
MCDCRD
MODGCRD
HODCRD
MODERD
MQUDCRE
MDOCRO
MODCRD
MODCRD
MOOCRD
MODCRD
MONCRY
MODCRD
MOBCRY

- MOQDCRY

MQDCRD
#QbCRD
MODCRD
MODCRD
MODERD
MODCRD
MOPCRD
#0DCRD
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o
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N
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) A e OO0

~n
o
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AT ¥ SO 0By

(2]
ot
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o O N e

F
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LR X
~ G N
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aoa

[
3430

1 1,1}
Go TO 125
120 AS = 1, )
125 IF{AMINLI(ARMLARM2)*ARHS,LELD. IGO0 TO {30
AUXE = ARMIZ{ANWINLI{ARML, ARM2)4ARMS}
GO TO 135
130 AUXe s ¢,
135 AUXE w 3,vAUXG
IFCIPRINY,LY.1)RETURN
PRINT90O,T
FRINT90S, TRNSLl:TRNSLZ.TRHSL3.ARH1,ARH?-!RHS-HOUTi:BUUTZ.BQU73
PRINT®10,ALPHL, TEC, TCEC,CRTREQ, ACRDT , ACRDT A, DCROT, GREDT
PRINT915, EXYR.Aﬁ.AUKS.AuKaaAU!?-AUXS:AUK9
PR!NT920.CSENPH.CS1lPHaCSPAPH.CSPFGH.cBSTG.CSiﬁNP GSIMAP LCEPLAP,
1 CSPLFG) CSTGH
RETURN

900 FORMAT(3sH20UTPUT OF SUBRQUTINE MONCRp AT TIME,F8,2) )
905 FORMAT(LHO,9X s &HTRNSLL 0K 6HTRNSL2, 6%, SHTRNSLT, 6%, 4WARNY s Y,
1- 4HARMZ. 6%, 4H4RYT, BK, SHBOUTL, 7X, 5HBOUTZ) 27X« SHBOUTI/ 160, 8K,
9EL2 4}
910 FoRMAT(1Ho 9x.5uALPH:.7x.aHTEe OX, AATCEC, X, SHERTREQ, 6X, UHACRDT,
X SHACROTA, GX.SHBGRDY.ZX,SHCRED?IiHn-ax-SElzn4)_
915 EoRMA?{iHU.9x-4HEX1R.BXp2HA5aln!a4H!Ux5;8x-4HhuKbaﬂ¥a4HAﬂx7.5X;
AMAUXE, BX, AHAUXSZ L0, 3%, TAELL.4+1%0)
$20 FORMAT(1HU, 9%, 6HCSINPH, 6X 4 GHCSTAPKH, 6%, 6HCSPAPH, 6X, SHCSPFGH 6X 4

S

Ny -

SHCS¥GH/iHG, BX,10E12, 4)
INIYIAL VALUES FOR CURED]T

ENTRY CRDSEY

TRNSLL = 9,
TRNSLZ = O,
TRNSL3 = b,
AUXS = 0,
BOUTL = 0,
goUt2 « 0,
BOUT3 = ¢,
R1 = 0,

ASm 1o

D0 400 Im1,4
TRAINL(1) & 0.
400 CONMTLINUE
PO 410 Is1,{0
TRAINI{I) = 0.
410 CONTINUE

TRAINZ{L) » D,
TRAINZ(2) = 0.
HNCOUNL
NCOUNZ
NCOUNS
SUMINL
SUMINZ
SUMINS
CRM =
ARML
ARMZ
ARM3
RLMT
NCFR
AUXS

Sooooo
* - .

COBOOGs Aannaw
. a0

SHCBSTG TX.6HCS!"NF.6X.6HBSIHAF;EI-GHCSPLAP;6X16HGSPLFG-6X;

HODCRD
MODCRD
NODCR]
MODCRD
MODCRD
WOBgRD
MODCRY
Hohonry
MODCRD
MODCRO
MODPCRD
®ADCRO
MODCRD
MQUCRD
MODCRD
MODgRD
HOBCRD
MOOCRY
MODCRD
MODCRD
MODCRD
NODCRD
MODERY
HUDCRD
WODCRD
HODCRD
MQDCRD
MODERD
MODCRE
MGOCRD
MODCRR
MODCRD
HODCRY
MODCRD
MQDCRO
MODCRD
HODRCRYD
MODCRD
MODCRD
MODCRD
HODLRD
MPDCRD
MONCRp
M0DCRD
MQDLRD

MODCRD.

MOPCRD
MODCRD
#0DDCRD
HQDCRD
MODSRD
MODCRD
MODCRD
MQOCRY
MODCAD
MGQDCRD
MODCRD
MODCRD
MONCRD
HODCRY
NODCRD



500
510

383

AUX7 = @,
ACRDT = 0,
ACRDTA = 0,
FOR = 0,
CSINRH = 578,
CSIAPH & 574,
CSPAPH = 66),
NSPFGH = 593,
CBSTG = 8,5
CPLF = 0,

CSTGH = CPLF+CBSTRe?,rC253+C254/C25)
GCSPLFG = CPLF#CSPFGH

CSIMAP = (1,«CPLFY«CPLPI=CSTAPH
IF(MAL,EQ.1,0F.HaL,EQ,37G0 TO 520
CSPLAP = (1,=CPLF)al1,~CPLPTI#CSPAPH
CSIMNP = 0,

Go To 510 _

CSIMNP = (41, eCPLF )« (1, mCPLPT)ecST P
CSPLAP = 0,

TEC = CSIMNP+CSIMAP+*CSPLAR+CSPLFG+CSTGH
TCEC = YEC

RETURN

END

HODCRO
MODCRD
MODCRD
MODCRD
MCODCRD
MODCRD
MODCRD
#ODCRD
MODCRO
HCDCRD
MODCRD
MDDCRD
MODCRD
HODCRQ
MQNCRD
MODCRD
MODCRG
MODCRD
MODCRD
MOOCRD
MODCRD
MQDCRD
HJDCRD

112
113
114
115
116
117
118
119
120
12%
122
123
124
125
126
127
128
129
130
131
132
133
134
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SURROUTINEG AGACT
COMMOL ZACONUL S DILAT,ARLAT  ACLAT, YLAQUT VLDTX T TAXET (53507,

Fur Bl Ml

DRLAM) ARLAM, ACL &AM, VLANDM . ¥LDYXH, TAXCM, AGSUN,
N2LAV,DERU, FARMIC, DITOUS, DCRDT,RCSINT,EXPLIV.NCFR,
ALPHL e THS W TCEC  TRUSLE, TLF TLFP,CPLF L RINT RINTL,
COEEY DI, 025, M2 0254 LT LT2,LTT.CBSTGOGTGH,
ERCRPJ,HEROPY,PCSRIPL PFLROP,
EvLPCJ,YLDCU, YLOCL, YLAFC, OYLDrdDYLNCL, LYLDFE

nE AL I'CFA
FOMMOE SCATTLEZ BEGYLFERT,,PFPT,PHMIT.PHPT,TOPOPT,. TOPOPR,

Bl W

5
-
]

3

PEGM, PFPM,PH5H, PMPY, TOPOPH, VACAPL , aUXL12,
SLFERT,SLSCCY,S0LOFT,SLSMLT,SLSPTLSLSPTP,FEMSCT.,
SLFERY,SLECCM,80LDF4,5L3HMLM, §L.SPH,SUPR,FEHSCH,
PRFEGTT, PFPTT,POMSTT, PPUPTY,PPFGTH,

POFRTY, PPMGTH,PPMPTH, RFGTT.RFPTT,
RUGTT,,RMPTT,REGTH,RFPTM, RHGTM, RMPTH,

THT s TONAT, TONM, TONHP , TONAM, PATADT  OMM, QMT, PFLACT,
Y“ktlDﬂ-PﬁpaPAPDJPRAT.EXPLlUNEXPL&CT?DE;C21¢0C244

COMMDY /COMNTRLZ TGV« QUM IRJUN,BEGPRT,,PRTICHG, PRTVLLPRTVL2,IPRINT,
R

MAL,»THYLD,TDO

TOMMDI ZLanny TRLs TYGL, TTGLL,, TYSLIL,L TTGLUZ. TRLSF D,

LA

TR5LaTLMI0, TLMODL, YLMODZ, TLMORZ . TTELR, TOLR,
TLCRLTLCRU TLORUP, TG SF,TGLUIP, TLFC» TL O,

KR 4R, M2 PR2, PDR, CRM, RLM,RLMI,RLCRU AUXL, 8UXT,
ARMI + ARM2, ARM3, A5, C9,6RT,CPLPTLXDEL,RPTN,GRE

DIMENSTON HINMCRAC12+4),CAINCAC42¢4),CLINCALL12,4).ECADEALLZ.4),

-

ETXCALL2, ), EVLDTALL12,4),5IN0RA112, 42, THINCALIZ, 4D

DIMENSION BINCR{12).CAINCRC12),CAPDTP(12),CLINCRE12).EDBSERI12),

DATA
DATA
UATA
JaTA
DATA
aaTa
JATA
LATA
DaATA
DaTa
DATA
NATA
DATA
DATA
DATA
DATA
DaTA

1
2
3

1
2
!

be
2
3

1
2

DATA

UATA

DATA

ECOANI12),ETCES{12) ., SINCR(22), THINCRC12), TACP (12},
YLTXTP (423, E0LMI4) , VAL S L 4)

£222,0223,0248+C255 / 447,440 45, 4 /
C253,C252,0253,0254,0261,C262,0263/1,2,45:4042304425.475,43/
CB64,0267.0268,C269,0270,0271/,. 00000001, Sei. /
C274,£275,0276 /3.__115 /
C277.C278,C279 / 14+ 1as 301 /
DELS,DEL6,DEL12, 08013, 094 / Seg, f
DEL19,DEL2L,DEL21,0EL22 7 405, /
DIFFSb.SMQLLsa.KSﬁ S larw Tus 3 4
EQLM 7 118.s 1204, 1%0.s 170, ¢
VAL3S / 4,7 4455, 446, 4,6 /
SVAC,SYALT,SVALM,AGSUBM,STGLA / 3*i,, 2+q, /
PI”T.R!NTL;HPH'D!RQRCST s llql -14D 12. .15' u12 ’
SFTAX, SHTAY EQLT TAALND 7 100.+¢ -50es 35.. (0042 7/
YLDCUL,YLDCLLLYLDFCL / 1,11, 1.56, 8.3 7/
DYLDCUSDYLDOL,DYLDFLZ 1.65+ 2,9+ 102, /
PRMLEXLMIN / Les 200000008, 7/ -
SINCRA / 1.5 1es 1015!'1,4531-55! 21,9 5¢24:

2wlay 2419 147, 2ae 24250 2445, 5#2,684

2%les 151 2470 3420 340s Brd,,

2%1.s 1652 2073 3a2¢ JaGe Bwd,
THINCA 7 1.1, 1.2, 2'1!25. 3'1!35" 5wl 4,

1.2, 1,225 1429 1436, 1443, 1-461 1,53, 501,57,

1.3 1,370 1457, 149, 2,' 2.24 6%2.422,

1.372, 1.39%, 1.6, 1,892, g.?. Te2 .4 /
ETXCA # 1.1, 3,165 119, 1421, 14264 1.27s 1428, 8%3,3,

1o1ls 1,255 L85 1433, 1,35, 1,36, 1.37¢ Sel. 4,

1.1 1,35, 1462 240 2.4, 2.!5, EnZ b,

1.1: 1,35, 146 240 2+%4. 2,55, 602.6 /
EVLDTA 7 3»1., J*1.2, 6+1,3,

Iel,, 3*1,25: 6%1.35,

Jel,, 3*1.3, 671,49,

WGAGC
 Yolos[URT)
ACTOUN
A0C0UY
ASCOUYN
At
RO
LOCOUY
ACCOUN
TATTLE
nATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLS
Cw5
Cwnb
LAND
LAND
LaND
Lol
wAND
AGACC
AGACC
RGACC
AGACC
AGACC
AGACC
AGACE
AGALC
AGACC
AGACC
AGACT
AGACC
AGACC
AGAGC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGALC
AGACC
AGACC
AGACC
hGACC
AGACC
AGACC
AGACC
AGAZC
AGaCC
AGACC
AGACC
AGACC
AGACC
AGACC
AGALCC
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385

3 Jel,, 391432, 6wq,42 /
OATA LLADEA / L.y 145, 2.4 9%2,5,
s laa Leb, 2:%, 2,8y B43.,
": 1.1' ?', 2'6' JI. 8.3".
N . 1.1, 1.9, 2.7. 2.9 B3, 3 /
DATA CAINCA 7 1.17, 1,27, 1,42, 1.42s 301,57, S*1,67,
1 1.17, 1.32, 2'1,#7I Il b2, S5«1,.17,
2 1.2 14872 1497, 2447, 2.87, 3.07. 6%3,27,
3 1.2, 1,675 1,97, 2447, 2,87, 3,07 6%3;277
DATA CLINCA / 2e1,, 2#i.2%, 3w1,4s 5+1.5,
i 2v1l,, 2¢1.2%, 3e1.4, 5+i,5,
2 L1er 135 L1obe 1.8: 2,5 7%2.5,
£ 1., 142 144, 1,6, 1.5!_7'2|2 /.
DATA BIMCRA / [ W05, «18. 0., 415, 2904, .1, 4¥0,,
q-.l L8y 4222 2‘.15l vl 2%,05: 4%04

1
% @-1 W35, 248, 5, o4, Z2e.2s Se0,,

- . Bes o35, +4%, 5, o4, Ze,2, Se0, /
TAXCTL & TAXCTL+{TAXCAT-TAXCYL)#DT/DELSL2
YLTXTL = VLTXTL+(VLTXHT=YLTXTL y«DT/DELLS
IF(T,LT.7.160 TD 15
PKGR = TABEXE(VALI6eSYALL3G6.DIFF36,K35,T)
TAXCTL = (PMGTaC222+PHPT}4C223+PKIR
TAXCT2 = FEMSCTeC277+«SFTAN+SLSHLT#C27R+SMTAX
CONTINYE
TAXCTI = C279+TOPOPY
TAXCY = TAXCTE+TAXCT2+TAXCT3
TAXCHY = TAXCT/TTSLR
CTLELT = CTLBLT+RCSTDT
VETRAC = VETRAC#RCSTDT
YETRAD = VETRACTLL,+(PATAQT-C244)/(1,nC2447)
CSTANTL = CSTANTL+(CSTANT=CSTANTL)=DT/DEL2D
CSTANT = CTLBLT+VFTRALD )
CLNDTL = CLMDTL*(CLNDT=CLNDTL)«DT/DEL2Y
CLNDT = CLNDT+RCSTDT
OPCLAT = TOROPT=CSTANT
OPCLNT = TTGLReCLNDT*C267
YAT = SLSPT«PAP
¥YMT 2 QMT«PRM
AGSUT = AGSUBT#TTGLR
CAPDEY = EQLT=TTGLR*C264
ASYLNT = v ANDTeC248
VLDTXT = ASVLNT#TaxLND
ASVHT = ASYLNTZ(TTGLR#C270)

VLTXAT & VLDTXT/(TTGLRNC2TL)

ACLAT = OPCLAT*OPOLNT+TAXET«CAPDET«VLOTXT
ARLAT = YAT+YMT+AGSUT
FARILT = ARLAT=ACLATY
VLANDT = AMAX1(SVALT*TTGLR, FARILT/RINT)
VLNDHT &= YL ANDT/{TTGLR=C259)

EPAP = EPAP»(FAPP-EPARP}*DT/DELS
ESLSPT = ESLSPT+(S| SPTP=ESLSPTy«DT/DELG
EQMT = FERTePFLACT4CT202#YMAT
TCLATL 5 TCLATL+C(TCLAT=TCLATL)«DT/DELL
TCLAT = ACLAT/TTIGLR
TRLAT = EPAP+RESLSPT+(PRMeEQMT ) TTGLR+AGSUBT
DRLAT = (TRLAT=TCLATL)#TCDIR
TFET,LT.THODIRO TO 290
CAPT = TLFC253#CP254/C250
IF(STORG,LT.CAPT)RD TO 108
RPCAPT = 0,

RLINPS = [,

AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGALCC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACE
AGACC
AGACC
AGACC
AGACC
AGACE
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
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GO TG 110 RGACC 104

100 RPCAPT = (CAPT-STRRG)*CHSTGw2, /0252 AGACC 185
STDRG = STORG+UT#{CAPT-STDRG) /252 AGACC 106
RLINPS = (CAPT-STORG)sSTGLB#2, /0252 AGACC 107

110 CONTINyE AGACC 108
ALOANA & ALOANA+DT&ALIAN AGRCC {109
ALREPA & ALMEPA«DTeALRLH AGACC 110
NBTOUS = ALDAMA=ALREPA AGACC 111
ALINT = DBTNUS+RINTL AGALE 112
ALDAN = AMIN1(UCRPT, ZREDT) CW? 7
ALREP = TRNSL3/LT3 AGACC 114
TAXOML = (PMGMaC2p2+PYPM)#E223PKIR AGACC 115
TAXCM2 = FEMSCM+CP?7¢SFTAX«SLSMLM«(278¢SHTAY LGACC 116
TAXCMI = Cp79«TOPOPM AGACC 117
TAXCH = TAXCM1+TAXCM2+TAXCHI : AGACC il8
CSTANM = CSTANM«RCSTDT AGACC 119
CLNDM = CLNDM*RESTDT . AGACC 120
DPCLAM = TOPOPMeCSTANY AGACC 124
CSRFGH = CSRFGH*RCSTDY AGALCC o122
CSHARV = CSHARVY=RIOSTDTY AGACC 1258
DPCLNM = T MOD«CLNDM*{1,y~CPLF )+ TLFP*CSRFGH+TLF e CSHARY *CABIu284 AGACC 124

YAM = SL5PMePAP AGACC 125

YMHM & QMM*PRM LGACC 126
AGSUM = AGSUBMe{TLMHCD+THSL) AGACE 127
CAPDEM = TLHMODwEQLMIMAL) AGACC 128
ASYLNM = VL ANDM=(248 AGACE 129
VLDTXM = ASVLNM#TAXLND AGACT 130
ASYHM = aSYLNM/ZCTLMOD#THSL) AQACE 158
VLTEHM = YL ATXHACTLMOD# FASL) ABACT 132
ACLAML » OPCLAM*CPCLAMaCAPDEMeyLDTXM . AGACC 133
ACLAM = ACLAMLTAXCM+ALINT+ALRER+(TCEC~ALPHi*CSTGHI«TREL /{3, #XDEL) AGACC 134

i +RPCAPT AGACC 135
ARLAM1 & YAMsYMMsAGSUM AGACC 136
ARLAM = ARLAML1eALOAN AGACC {37
FARILM = ARLAM=ACLAM AGACC 134
YLANDM = AHﬂXi(VLNDHT*!IRSL‘TLHDD?.(ARLAH1 ACLAML=TAXCMYSRINT) AGACC 139
VLNDHM = V| ANDM/(TLMOD#TREL) AGACC 140

Do 120 I=24,..T1 AGACC 144
ELOANL]) = TCECe(1,-RPTN)/LTL AGACC 142
120 CONTINUE AGACC 143
ICEC = 3,«XNEL AGACC 144

Do 125 1=1,1CEC AGAGC 145
ETCEC(l) = TCEC/ICEC AGACC 146
125 CONTINUE AGACC 147
TCREC = TCEGC#(1,=RPTN)} AGACC 148

Do 130 i=1,LT1 - AGACC 149
EDBSER(!) =z TCRECsRINTL*I/LTY1 AGACC 150
130 CONTINUE AGACC 151
IL2 = LTi+LT2 AGACC 152
IF(ET2,LT,23GD TO 135 AGACC 153

12 = LT1+4 AGACC 1%4
Do132 [=12,tL2 AGACE 155
EDNBSER({]) = EDHSEPILTL) AGACC 156
132 CONTINUE AGACC 157
135 I3 = 1L2e1 AGACC 158
IL3 = JL2+LT3 AGACT 159
UNPBAL = TCREC AGALC i64
YRAYMT & TCRECALTZ AGACC 16}

Do 138 1=213.1L3 AGACC 162
UNPBAL = UNPBAL=YPAYMT AGACC 153

EDBSER(]) = YPAYMTLUNPHALCRINTL AGACC 164



138 CONYNUE AGACC 165

IF{T ,EQ, THONIPRINT 79 : AGACC 166
DRLAWM = @, ’ AGACC 167
no 150 I=1,IPH AGACC 188
ETXC = TAXCTL*TXCPt]) AGACC 149
EVLDTX = v TXTL&VLTXTR (1) AGACE 170
ECADEM = EQLY+C28R«CAPDIP(D) AGACC 17
EOPCLM = CETAMTLeCAINZEL])/GRE AGALC 172
ENDCLNM = CLMDTLeCLINCI(I) AGACC 173
TCLAM = EDHSEK{I}+ETCECt]1)+EQPCLMEUC L NMeETXC+EYLDTX+ECADEM AGACC 174
TRLAM = EPAP#(SINCR(])*ESLSPTegINCR{IY#AUXL12)+THINCRI])«PRMwEGMT/ AGACC 175
1 TTGLR+ELOANC ) +AGSUBM AGACC 176
DRLAM = DRLAM+(TRLAM=TCLAHIZ(L +DIRI*y] AGACC 177
IFLT MELTHODIGD T 354 AGACC 178
PRINYYEC,EDNSERET) L ETCEGCT) ,EOPCLM,EQCLNM,ETXCLEVLDTX,ECADEM, AGACE 179
i SIMCREDS,TMINCHRET ) ELOANL T} 4 TRLAMSTCLAH AGACC 180
150 CONTIMUE AGACC 164,
200 CONTINUYE AGACC 182
DRLAY ={DRLAT*TTGLR+DRLAM*(TLMaO*TRSL)I/TELR AGACE 103
ASYLNC = V[ ANDC#G255 AGACE 184
VLDTXC = ASVLNC*TAXLND AGACE 185
ASYHC = ASYLNC/TLC AGACC 18%
YLTXHC = VLDIXC/TLE AGACC 187
TRCRU = EPCRPUwEYLDCU AGACC 188
CSTHCU = CSTHCU=RNSTDT AGACC 189
CSTHCL = CSTHCL*RCSTOT AGACC 190
CSTHFC = CSTHFC#RESTDT AGACC 191
CSTHU £ CSTHOU (1, +C2T4x(YLOCU=YLDCULI/{DYLDCU=YL DEUL) ) AGACC 192
CSTHL & CSTHCLwi1,+0275*(YLDCL.YLOCLL Y/ (DYLDCL=YLICLLY) LBACC 193
GSTHF £ CSTHFC#(1,«C276+{YLDFCaYLDFCL1)/(DYLDFC=YLDNFCL)) AGACC 194
TCCRUL * TCORUL+(TCCRJ=TCCRULIDT/DEL2EZ AGACC 198
TCCRY = CSTuU +VLTYHC : AGACE 196
DCRY = (TRCRU=THCRUL)*TCDIR AGACE 197
ARCRU = TLCRU*YLDCy+*PCRUPY ABACC 198
ARCRL 3 TLCRL=»YLDCL*PCRUPL AGACC 199
ARFC = TLFCeYLDFCepFCIO¥ AGACC 200
ACCRU = TLCRUCSTHU AGACC 241
ACCRL = TLORL*CHTHL AGACC 202
ACFC = TLFCwGCSTHF AGACT 203
FARICC = ARCRU«ARCRL=ACCRU=ACCRL i AGACE 204
FARIFC = ARFC-ACFC ABGACC 205
FARMICA = FARMICA+DT#FARMIC AGACC 206
FARMIC = FARICC+FARIFCmVLRTXC ) AGACC 207
VLANDC = AMAXI{YLNDHT*TLE, FARMIC/RINT) Cw2 7
VLMBHC = YL aNDEZTLC AGACC 289
GINC = YAT+YMTe¥AMAYHY AGACC 210
ALPHZ = C241+(C7622C261)eBXP(nC203#C264¢ AMAXL(EINC=EXLMYY, (5)) AGACC 211
EXPLIV 3 AMAX1(ALPH2*SINC, EXLMIN) AGACC 212
IF(IPRINT LT .LIHETURN AGACC 213
PRINT90D,T : AGACE 214
PRINTOD4,DRLAV,DCRU, TRERU, TCCRUL TCCRU S ARCRUSACCRUCSTHU, CSTHCY, AGACE 215
1 GINC N AGACC 216
PRINTZ08,F ARMICaFARMICA s VLANDG, ASYLNC, YLDTXCs ARCRL  ACCRLCSTHL, AGACC 217
1 CSTHOLSALRH2 , AGACC 218
PRINT912,FARICC,FARIFC, VLEDHC , ASVHC VL TXHCy ARFCoACFCCSTHF ¢ CSTHFC: AGACC 219
1 ExpLIV ) AGACC 220
PRINTOR0,DRLAT.TRLATTCLATL, TCLAT,ESLSPTEPAP,BONT, FARILY AGACEC 223
PRIN1924.ARL&Y.ACLAT.VA!:YHT:lGSUT,OPCLATaOPCLNTpTA!cTuCQPDET AGACC 222
PRINTOZR,CSTANT . CSTANTL,CTLBLT, VETRAD, YETRAC: CLNDT,CLNDTL, YLANDT, AGACC 22%

1 ASVLHT,YLDTXT AGACC 224
PRINTO32,PRAR, TAXCTL s TAXCT2 s TAXET S, TAXCHT s VLNDHT , ASYHT o WL TENT AGACC 225



oo

LECT LY, TMOTYRETU Y
PHINTORA DRIAMTAR LI, ARLAH ACLAM ARLAML »ACLANY ,CAPT RPCAPT,STORG,
1 RLINPS
SRINTOS S, YA, YiIr, AGSUM, ALOAN, ALOAJA, ALREP, ALREPA, DETOUS,ALINT
PRlNT?éz;UPCLAH;D?cLN*.UST&MH.cLNDHoCSRFGH-CSH;FV;VLANDM-ASVLNH.
1 VLATXH
FRINTO66, TAXCH  TAXCHL TAKCH2,, TAXC 130 TaXCTL» CAPDEH, VLTXTL 2 VLNDHH,
ASVHHM,, VL TXHHM
RETURN
OG0 FORMAT(I&HZ2AUTPUT pF SUBROUTINE AGACC AT TIME,F8:2)
9G4 FORMAT(1MO,9X25HORLAV7X,) $HDCRY« BX5 5HrRCRU.7X.5HTCCRUL.62.5HTCCRU.
1 7X4SHARCRU, 7X, SPACGRU.7x.5H04TuU.?x.chsTHCU.GX.IHGlNCI
2. 1H0, 8% 10EL12. 4)
908 FDRHAT{H!D X, OHFARHICJ bx.?HFARHICA.‘Sx, EHVLANDCI EX s GRABYLNG, 46X,
SHVLNTXC, 6%, EHARCRL , TX L, 6 HACCRL , 7X e SHCSTHL » 7%, SHCETHCL » 6 X4
SHALPH2/1HL ,EX.1BELZ2,+4)
912 }oRHAT!1HD.9!¢6HFAR!C~.6X.6HFARlFu.&X SHVYLNDHE, 6% 5HASYHEC,, 7X,
ARVLTARD 6%, AHARFCaBY s 4HATT Lo BX s SHCSTHE , 7X 4 4HESTHFC s 6 X0
GHEXPL 1V/1MT, 8X,10E12,4)
220 FDHMAT(1H-.9x.5HDRLAT.?IaSHIRLAY ?K:buTCLATL;éX.ﬁHTCLAYo?!v
GHESLSPT, 6X, dHEPAP 4B X 4HEQMT 4 BY s SHFARILT/1H0,BX,RE12,4)
924 FORMAT (14D, 90, SHARLAT, TX, SHACL AT, TX s IUY AT 9%, IHIMT, 9X2 SHAGSUT, 7Y,

N e '\.'D-l

-

1 SHOPOLAT 6%, 6HIFCLHTY 46X, SHTAXCT, 7X, SHCAPDET/1HO 8K, 9512.4:
928 FORMAT(L1HO, 9:.5HC%TANT oK, 7HcsTANTL.5x.6HCTLBLT.6K.6HVETRAD 6%,
1 GHYETRAC, 6X, HanoT TR GHCLNDTL » 6K 6HVELANDT o6 X0 BHASVLNT .
2- 6%, suvun1xv;1un,ux.1aeiz.4;
932 FORMAT(LHO ,, 90X 4PYGR  AXs GHTAXCTL, 6X s 6nTAXCT 256X 2 SHTAXCY I, 46X,
e BHTAXCHT s 30X BHYLNOHT 3 6% s SHASVHT S 7%, GHYLTXHTZ1HD, BX 4 5E12 0 4,
? 24X,3E12.4)

54 fGRHATtiﬂ-.qx.sunﬂLAﬂsTl.6HFAR1LH SR SHARLAM 755 SHACLAM, TXs

1 SHARLAML, 66X, 8HACLANL 6%, 4HCAPY, 8%, 6HRPCAPT . 6%+ SHSTORG . 7X .

2 6HRL!NPS/1HQ,BK.1UE12.4)
958 FORMAT(1HO, °X13Hylﬂt9x SHYMM, o) o SHAGSUM» 7X SHALDAN, 7X GHALOANA, 68X,
SHALREP, 7%, 6HALREPA, 6X, HDBTOUS, 6 X, SHALINTZ1WD BX, 961244}
962 FDRHAT(iHB.QKrbHGPcLA“ 6X, 6HOPCLNA, 6X.GHCSTANH.6X.5HCLNDH IX,
-BHCSRFGH, 6%, 6HCSHABV.18:.6HVLANDHf6!-6HA5VLNM;6! SHYLDTXM,
1HT, AX, 6812 4,12X,3E12.4)
9266 FQRMAT(LHO,Q¥%, 5HTAKCH-7K¢6HT&XCH1 84X 6HT£ICH2 61»6HYAKCH3 6%,
SHEAXCTL: 6%, EHCAPDEN, 6%, GHVLTXTL.GX-sﬂvLNDHH.6!.53A$VHM.?x.
6HVLTXHH/1HQ-B!¢1ﬂElEu4)
979 FDRHaTtlHl SHEDASER» 5X + SHBTCEC, 6% SHEQPCL M. 5X . 4HEOCLNM, 5K,

1 AHETXG, 7X.6HEVLDTK.§X-6HECAHEM S, SHSIKCR, 88, SHTMINGR  BX,

2 SHELAAM, 6X.5HTRLAN, 6X2SHTCLAM)
980 FORMAT(LIHO,12E11,3)

R ey

ENTRY ACCSEY

CRUPS
RCSTDT = 1,+DT*RCST
VYILANDC = 962440800,
CSTHCU = 56§,
CSTHCL = 1097,
CSTHFC = 723,

YLDCU = ryLDrtui

EyLDCu = yYLNhCU

YLDGL = YLDELL

YL.LDFC = YLDFC1

TCCRU = CSTNCUOVLHNUL‘CZS’*TAXLNDITLC
TECRUL = YCCRUY

FARMIC = g,

FARMICA = 0,

AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACE
AGACC
AGACC
AGACC
AGALCC
AGALCC
AGATC
AGACC
AGACC
AGACC
AGACC
AGACE
AGALC
AGACC
AGAZC
ARaCl
AGATE
LS5ACEC
AGACC
AGACC
AGACE
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACE
AGALCC
AGACC
AGACC
AGACC
AGACC
AGACC
LGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC

226
227
228

229

230
231
232
233
234
235
236
237
238
239
240
2431
242
243
244
245
246
247
248
249
250
251
252
253
254
25%
256
257
258

259

260
261
262
263
264
26%
264
267
268
269
270
274
272
273
274
z27%
276
277
278
279
280
284
282
281
264
28s
284
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TRANLTINNAL LIVESTOCK

PKGR = 0,

TAXCT1 = D,

TAXCT2 = 0,

TAXCHT = C279+«TOPAPT/TTULR
TAXCTL = TAXCHT .

CTLRLT = 18,4

VETRAG = 6,10

CSTANT = CTLBLT+VFTRAC
CSTANTL = CSTANT

CLNDT = 35.4

CLNRTL = CLMDT

VLDTXT = 378050..

YLTXHT = VLDTYT/(TTGLA=G270}
VLTXTL = VLTXHT

TCLAT 3 TOPOPYenSTANT/TTGLR+CLNDTC267+TAXCHT+EQLT*C268+VLTXHT

TCLATL = TCLAT
EPAP = 8p7,
ESLSPT = SLEPT/YTGLR

VLANDY = 182¢.0u0ufe
AGSUBT = 0,

NODFRN LIVESYOCK

ALDANA = 0,
ALOAN = 0.
ALREPA = D,
ALREP = [,
STORG = €.
AGSUM = G,
CS5HARY = 6,25
CSRFGH = 57§,
CSTANY & 5p)
CLNDM = 109,
VLANDM = 0,
vLDTXM = 0,
TAXCH = 0,
YAaM = 0,

YMM = O,
ARLAM = D,
ACLAM = 0,
DRLAM = 0,
TCRIR =

Do 1g2¢

UI
121} 1PH

ELOAN{IY = (.

ETCECt) = 0,

EDBSER{I) = (.,

TCDIR & TCDIR+1./¢1«*NIN)4a]
CONTINUE

[F¢{MAL,EQ,0)Y RETURN

o 1060 I=1,1PH

SINCR({I) & SINCRA(T.MAL}
THINCRUI) & THINCA{I.%AL)
TXCP{I) = ETXCAtI,MAL)
VLTXTP(IY = EVEDTA¢l.MAL)
CAFDTP(1) = ECADEMI-”M-)
CAINCR(IY = CAINCA[l.MAL)
CLINCR{IY a CLINCAf(E,MAL)
BINGR{]) = BINCHA{TsMAL}

AGACC
AGACET
AGACC
AGACC
AGACT
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACT
AGACC
AGACC
AGACC,
AGALC
AGACC
AGACC
Crt
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
CW3
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC
AGACC

287
288
289
2940
291
292
293
294
295
296
297
298
299
390
30t
302
303
304
305
308
307
108
109
310
311
312
313
Ils
315
316
317

318
319
320
321
322
323

324
325
326
327
328
329
330
33
332
333
334
335
334
337
338
3359
340
141
42
343
144
345



!
)
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200
210

gz0

220
230

300

351

SUBROUTINE MODRAT
COMHON /ZACCOUN/ DRLAT, AMLAT,ACLAT,VLANDT, VLDTXT, TAXCT. AGSUT,

PSR LA e

REAL NCFR
COMMON /CATTLE/

X NN R N

COMMON /GONTRL/
COMMON ZLANDY/

LRER T N

TaTA CLL,E7,

DRULAH, ARLAMo ACLAM, VLANDH, YLD TXM, TAXCM s AGSUM,
DRLAV,DCGRU,FARMIC, DBTOUS, DCRDT,RCSTDT,EXPLIV,NCFR,
ALPHL, TED, TCEC, TRNSL3, TLF, TLFP,CPLF,RINTSRINTL,
CREDT.DIR,C250,0253,C254,LT14LT2sLT3.CB5TGCSTGH,
EFCRPJ, PCROPU, pCROPL, PFCROP,

EYLECJ YLOCU, YLDCL, YLDFC.DYLDCUL DYLDCL, DYLOFC

PFGT,FERT,PFPY,PHGT,PMPT, TOPOPT,. TOPOPR,

PrGH, PFPH, PMGM, FMPM, TOPOPM, ¥ ACAPL , AUXL 12,
SLFERT,SLICCT.SOLOFT,SLSMLT,SLSPT,SLSPYP,FENSCT,
SLFERM, SLSCCH, SOLDFM,SLSHLH, SLEPM.BUPB, FEMSCM,
PREGTT,PPFRTT,PPMSTT,PPMPTT,PPFGTM,
PPFPT“aFPHGTH.PPHPTH.EFGYTaRFPTTa

RMGTT RMPTT,RFGTM,RFPTM,RMGTM, RMPTH,

TONT. TONAT, TDNM, TONHP, TONAM,PATADT ; OMM, 0HT,PFLACY,
YMAT,PA, PAP,PAPP . PRAT,EXPL,UNEXFL,0T202,0244,C244
T.DT.DUR, IRUN,BEGPRT,#RTCHG,PRTVLL,PRTYL 2, IPRINT,
MAL, THMOU, TDO

TGLa TTGL, TTGLL, TTGLUL, TTGLUZ, TGLSFO,

TRSLSTLMOD, TLMODL, TLMOD2, TLHODZ, TTGLRs TGLR,
TLCRLsTLCRU « TLCRUP, TGLSF,TGLULP»TLFCTLE,
XR1,R1,H2,PR2,POR,CRM,RLM,RLMT,RLERU, AUXL, AUXS,
ARM1, ARM2,ARM3,A5,C9, GRT.CPLPT X0EL,RPYN, GRE
ER,E9.ELL / 03, 1,0 415, J5a05 /

DATA E31,E32,E33.581,E91 / 4000., ZJUﬂic v 3e 2 .3 7/
NATA TEQ,TEi;TEZJTEF.EXH“‘ f 8,2 Tea 11-0 133. 5Hn| /
GRY = TTGLR/TOPOPT

1F (DRLAV,GE,DCRLIIGO TU 2nn

XTLU = TGLuiP
GD TOo 210
XTLYU = TULCRUP

LF(T,6T,DTI60 TO 220 _
TL1 = PLCRU<ARS(DCRUI/{XTLU*(DCRU=DALAY))

PRINT92C,CL1

FORMAT (5H0CL1=,E11,4)

GD TO 23D

RLCRU s CL1eXTLU~(DCRU=DRLAV)/ABS(DCRU}
AUXL = ‘HINEIRLCRU| 9.)
AUX3 = AMAX{(RLCRU, 0.}

IF¢T.LT, THOD)IGO
ETCAM = T=TMODD

T0 300

RLM *= RLM+{R2-KLM)«DT/XDEL
A2 = H2+(XRi1-R2)#DNT/XDEL
R1 = Ri+(CRM=R1)eDT/XDPEL

XR1 = RisaAb

POR = (DRLAM=DIRLAT)/ABS(DRLAT)

E3 = EIL-EJ2«EXP(~s3IIoETCAM)

PRY & AMAX1(E7w(1,-EXP(=EB*(PDR*E®})), 0.)

CALL GRAPH{TED,TE1,TE2, TEF+EXMAX,T,EXT1)

RALMPI & EJ*PRL#EXTY

RLMD! = PR1«TTGL«TLMUD/TGLO

RLMI = RLMPI+RLMDI

PR2 = AMAXL(EL1w(1,vEXP(-EBLe(EGL=PDR)) ). 0.} ]
GRM = AMAX1CAMINLERLMY, AMINL(ARML, ARM2)4ARM3), 04)
GRM = (TLMOD+TRSLY/TOPUPM

GRR = THLR/TOPOPR

CONTINUE

IF(IPRINTLLT, 1IRETURN

PRINT9CLC, T

MODRAT
ACCOUN
AGCOUN
ACCOUN
ACCOUN
cw?
ACCOUN
ACCOUN
ACCOUN
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CHS
CHS
LAND
LAND
LAND
LAND
LAND
MODRAT
KODRAT
HODRAT
MODRAY
MODRAT
MQDRA T
MODRAT

MODRAY

MODRAL
MODRAY
MODRAY
MDDRAT
MODRAT
MODRAt
MODRAY
MODRAT
MODRAL
MODRAY
MQDRAT
MADRAT
HODRAT
MODRAY
MODRAS
MODRAY
“ODRAY
MODRAY
MODRAY
MODRA T
MODRAT
MODRAT
MODRAt
MQDRAT
MODRAT
NODRAT
woDRAt
MODRAT
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900

914 FURH‘T(1HD.9K.3HGRT-9K.5HQLCRU TH AHAUXL, 8%, 4HAUXSIAHD 0%, 4 (ELL 4,

950

955 FORMAT(L1HE, 9Xs 2HR1, 10%, 2HB24 143, IHXRL, 9%, SHRLM, X, BHGRN, #X3 SHGRR/

i

PRINT®10,GRY.RLCRY, AUXL, AUXY

IF(T.LT,TMODIRETURN

PH!NT?SQ PDR, E3.PRyEXT2, BLMPI,RLNDIALMT,PRZLERN
PRINT955,R1.R2, ¥R, ALY, RN, GRR

RETURN

FORMAT (36H20UTPUT OF SUBROUTINE MODRAT AY TIME,F8.2)

ixn
FﬂRMATliHG 9X s 3HPNR» 9% 2HES 102 SHPRL, 2%, AHEXT 4 8%4 SHRLHP 147X,
SHRLMDT, 7X, 4HRLMT, BX, JHPR2, #X, SHCRMZiHG , 9Ka FCEL11,4,1X))

1H0, 9Xs 6LELL,401%)}
ENTRY HDDSET
16L0 = TG
RETURN
END

NODRAY

WODRAP
MODRAT

MODRAT
MODRAY
MODRAT
HODRAT

#ODRAY

MODRAT
MODRAT
MODRAT
MODRAY
uoDRAY
MODRAT

MODRAT

MODAAT



1 DRLAH, ARLAH, ACLAM, YLANDY . YLOTYXM, TAXCHMI AGSUM,
?

q

¥ EPCHPY,FCROPU,PSRIPL.PFCROF,

s EYLPCUY,TLOCUYLDCL,YLOFC,DYLDCU.DYLDCL,DYLDFC
REAL NCFR

FURV . SV NPT e

P

F ST Bty o
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SUBRDUTINE rRYACC

COMMON ZACCAUN/ DRLAT,ARLAT,ACLAT , VLANDT . VLDTXT, TAXCT:AGSUT,

DALAY,DCRU, FARMIC, DHTOUS.DCROT,RCSTOT EXPLIV,NCFR,
ALPHL,TEC,TCEC,TRUSLI, TLF . TLFPLCPLF,RINTSRINTL,
CREPT,BIR, L2506, 0253, Lo54.LT1,L 72, 73,CBSTG,CSTGH,

COMMOY /CAYTLEZ PFUT,FERT,PFPT,PMGT,PHPT, TOPOPT, TOROPR,

MALs THO!, TDO

PFGM, PFPM, PMGM, PP, TOPDPH, VACAPL p aUXL12,
SLFERT,SL9CCT.SOLDFT,SLEMLY,SLSPT.SLSPTP,FEMSCT,
SLFERY, SLSCCM.SOLOFMaSLSMLH, SLSPM, SUPB,FEMSCH,
PPFGTT,MPFPTT,PPHGTT.PPHPTY,PPFGTH,
PPEPTM,PPHGTM,PPMPTH, RFGTT,RFPTT,
RMGTT,HMPTT,RFGTM, RFPTM, RHGTH, RMPTH,
TOKRT, TDNAT, TONM, TONMP, TONAM,PATADT, QMM, OMT, PFLACT,
YHAT,PASPAP,PAPP PRAT,EXPL,UNEXPL,GT202,0214,C244
COMMDN ZCONTRL/ T,DY,0UN, IRUNLBEGPRT,PRTCHG,PRTVL1.PRTYL 2, IPRINT,

COMMON ZLAND/ TRLs TTGL.TTGLL TTILUL, TTGLUZ,. TELSFG,

TRSL, TLMOD, TLMODL, TLMaD2, TLMODS, TTGLR. THLR,
TLCRL.TLCRBU, TLCRUP, TGLSF - TGLULP. TLFC TLE,
XR1:R1,H2.PR2.PORJCAM,RLM,RLMI JRLCRUY AUX L, AUXD
ARMY, ARM2, ARM3,A5,C9, GRT,CPLPT, XDEL,RPTN,GRE

DIMENSION yaL51(5),VAL52(T7}

DATA (239,0272.C2732C2B3,C282 + o1 1,4 1.4 2:0as

DATA SMALLS4,DIFFS1+K51 7/ 4o L4 4 £
DATA SMALLB2,DIFFB2.K32 / 44 140 6 7

DATA VALSL / 12,77, 13.5, 15.5, 14,5 15.76 /
DATA VALS2 / 117,, 115,% 127,, 147., 164,, 163.%: 174, /

DATA AL1,EXCHR] / ,0728. 15,76 /

632 #

DATA WPB],WPACI,WPBR,WPHCR / 17444 58B+r (11s .384 /

DATA POPD s 15415730, ¢

DATA CREPR,PEQCR,RINTC 7 1.4 o559 o1 ¢
CREPP = CREP

CREP ® AMAX1(CREP®«CDEB, 04}

CINT = RINTC+CDEB

CDED = CDER+DT#(CLOAN=CREPP)

CCDT = DETQUS*{RINT~RINTL)+CDER«(RINTRINTC)

POP = FOPOSEXP(C2R2+T)

PERCAF = C2ni~{SUPB-EXPL-UNEXPL)}/POP
ARLSK = ARLAT+ARLAM+CLOAN

ACLSK = ACLAT+ACLAM+*CREF+CINT

FARILA 2 FARILA-DTeFAR]L

FARIL = ARLSK=ACLSK

OSREVL = DSREVL«DT«FARJL*EXP(~0]lReT)
FARMIA = FARMIA+DTFARMI

FARM] = FARIL*FARMIC

YLAND = V0LAMDT#VILANDH

VALCAP VACAPL+VLAND

=
VLDTAX = VLDNTXTeYLDTXM
YLANDH = v aND/(ThLReC272)
VLDTXH = YLNTAX/(TGLRe#(273)
COMLDX = VLNTXHAYLANDH

GOVREVA = GNVREVA+DT*GUYREY

GOVREV ¥ TAXCT#TAX:HevLUTAX

EnPDS = VLAND+VACAPL=CDEB=DBTOUS

ACRDTC = PENCHeFQPQS

CRDAY = AMINI{PERUCR*EQFOS, ACRDTD)

NCFP =2 AMAX1(FAFIL&C239¢FARMICEXPLIV, 04}

CRYACE
ACCOUN
ACCOUN
ACCOUN
ACCOUN
CH7

ACCOUN
ACCOUN
ACCOUN
CATTLE
CATYLE

"CATTLE

CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
CATTLE
Cus
CHS
LAND
LAND
LAND
LAND
L.AND.
CRYACC
CRTACS
CRTACC
CRTACC
CRTACE
CRYACT
CRYACE
CRTACC
CRTACC
Cus
CRTACC
CRTACE
CRYACE
CRTaALCE
CRTACC
CRYACC
CRTACC
CRYACC
CRTACC
CRYACE
CRTACEH
CRYACC
CRTACE
CRYACS
CRTACE
CRTACE
CRTACE
CRTACE
CRTACC
CRTACC
CRYACT
CRTACE
CRTACE
CRYACE
CRYACC
CRTACC
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TOORDC = AMAX1(=FARIL~CZ3QeFARHICEXPLIV, ,)
CLOAN & AMINI(CRDAY, THCRDC)
TF¢T, LT, 4,080 1O 30
1F{T,GT,8,}80 TO 290 )
EXCHR & TABUIF{VALS1,5MALLS51,D|FF51+K81,T)
GO TO 295
250 EXCHR ® EXCHR#*DTwRCHEX
29% RCHEX = AL1+EXCHRI®EXPIALL®(Tma, )}
300 FOREXA = FOREXA«DT4FOREX
IF(T,LT, 4260 TO 32§
IF{T.GT,10,360 TO 318
WPE = TABLIE(VALSZ, snALLBz.nlrrsa.Ksz Ty
GO TG 320
310 IFET.GT, 14,360 Yo 31%
APB & PEIw(i.eNPRRY(Trll,)}
GO TO 320
315 WPBC = WPBCl#(1.+WPBCRe(Tel0,}}
WP £ WPBG/4,3
320 IF(T,EQ.7.)EXSUB = ,15
EXMAR = WPBwEXCHRw(1,+,8eBXSUB)«Pk
FOREX = WPHeEXPL
SUBSE s FOREX+EXCHR*EXSUB
SUBSA = SUGSA»DT#SUBS
SUBS = SUBSE+CCDT+AGSUF+AGSUM
IFCIPRINT, LT, 1)RETURN
PRINTS00,T
PRINT910,CREP,CINT, CDEH. EAPOS, CRDAV, CLOAN, TOGRDC NGFRA CCDT
PRINT920,FARIL.FARILASFARMI.FARNIAZDSREVL 2 ARLSK 4 ACL SKs POP.RERCAP
PRINT?3C, VALCAP, VLAND, VLOTAX , VLANDH, VL DTXH, COMLDX, GOYREV, GOYREVA
PRINTI4(,SURS,SURSA,SUBSE RCHEY EXCHR,,FOREXN, FOREXA JEXHAR  WPR
REYURN
900 FORMAT(36HZOUTPUT OF SUBROUTINE CRTACE AT TIME,F8.2)
910 FORMAT{LHO, 9X, 4HCREP , 8Xs 4HCINT, BX, 4HCDER, 8X, SHEQPOS, 7X, SHCRDAV, 7X,
1 SHCLOAN, 7x.aHrncnuc.ex.4HNcFR.ex 4HCCDT/LHD s 8K+ DEE2,4)
920 FORHAY(1HO.PK-SHFARIL.?XaGH?AR[LA.&X.SNFARHI.7X GHFARMIA 6K,
1 SHOSREVL, 68X, FHARLSN, 7X, SHACLSK, 7). SHPOP, 0%, &HPEREAPL LHI,
2 8%,9E12.4)
930 FORMAT(LHD, 9%, 6HVALCAP, 6X, SHYLAND, 7X s 6HVLDT AN 6X ¢ 6UVLANDH » 64
1 ananrxH.sx EHEOMLDX. 6%, SHGOVREY + 8% PHROYBEYASLHE 18X,
] BEL2,4)
940 FORMAT({1HO, ¥X.4HSUBS, ax.SHSUBSA.TX.SHSUESE.TXaENRCHEXa7X:5HE£cHR.
1 ?X, GHFOREX, 7X, BHFOREXA L 6X s SHEXMAR, 7X, SHHPB/L1H04 8%, 0EL12,4 4)

INITIAL VALUES FOR INVESTWENT ACCQUNTING

ENTRY CRTSEY

EXSUB = 0,

FARIL = 0,

FARILA = 0,

FARM] = 0,

FARMIA & 0,

GOVREY w» 0,

GOVREVA = (,

DSKEVL = 0,

sugs = ¢,

SUBSA = 0, S
FOREX = 0, '
FOREXA = 0,

EXCHR = 0,

WPE = 0,

CREP = @,

CRYALCC
CRTACC
CRTALE
CRYACE
CRYaCC
cRTACC
CRTACE
CRYALC
CRTACC
CRYACC
CRYACE
CRYACE
CRYACZ
CRYACC
CRTACE
CRTACE
CRYTACE
CRTACC
CRYACC
CRTACS
CRTACC
CRTACE
CRTACE
CRTACC
CRTACE
CRTACC
CRYACE
CRYACE
CRTACE
CRYACT
CRYACE
CRYACE
CRTALE
CRYACC
CRYACE
CRYACC
CRTACE
CRTACE
CRTALCE
CRTACE
CRYACE
CRYACE
CRYACE
CRYACE
CRYACE
cRTACE
CRTACC
CRTACE
CRYACE
cRYACE
CRYACC
CRYACE
CRTACE
ERTACE
CRYACE
CRTACC

CATACE

CRYACC
CRYACE
CRYALC
CRTACE



CDEB = 0,
CLOAN = D,
DeTOUS = 0,
RETYRH

END
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CRTACC
CRTACS
CRTACC
CRTACE
CRYACC

104
105
106
1¢7
ice



10
20
30
40
50
&0

70

SUBROUTINE GR!PH(TﬁdTl.TZ-TPoVHA*cTrDUT)

IF(T=T0)40,40.48
LF(T=11350, 60,20
IF{Y=72)60,60.3

IFCT=TF)70, 4044

DUT = 0,

FETURN

DUT ® VMAXS{T=TD)/LTi=%D)

RETURN

oUT = YMAX

RETURN

OUT = YMAX#(TF=T)/(TF-T2)
RETURN

END

GRAPH
GRAPH
GRAPH
BRAPH
GRAPM
GRAPH
GRAPH
GRAPH
GRAPH
GRAPH
GRAPH
GRARH
GRAPH
GRAPM
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FUNCTION TARLIEL{VAL,SMALLSDIFF,K,DUMNY)

DIMENSION val(1)

DUM = AMIND (ANAXL{DUMMNY=SMALL.d,0)FLOAT(K}*DIFF)

1 2 1.,+DUM/DIFF

IF(T,Eq Koty 1mK

TABLIE = (VAL(I*1)uYALCI))®(DUM=FLOAT(I=1)»nIFF}/DIFF*¥al(l)
RETURN

END

TABLIE
TABLIE
TABLIE
TABLLE
TABLLE
TABLIE
TABLIE
TABLIE
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FUNCTION TABEXE(VALsSMALLLDIFF, K. DUMKY)

DIYMENSION VaAL(1)

BUM = DUMMYRSHALL

I m MINOCMAXIC(L  #NUM/DTIFF,L0.K)

TABEXE ® {VaL{T+1)aVAL{ LY IS (OUM=FLOAT(I=1)eDIFF}/DIFFevall])
RETURN

END

TABEXE
TABEXE
TABEXE
TABEXE
TABEXE
TABEXE
TABEXE
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SUBROUTINE DELDT{RIMR,RUUTR.CROJTR,DEL{DT.DT,K?
DIMENSION CROUTR(1)

DELL = DELeFLOAT(IDRT)/(FLOAT(K;+DT)
ROUTR = 0,

Do 2 Jel,lDT

RIN = RINRZFLDATC(IDT)

Do 1 l=1,K

ABC = CROUTR(I)

CROUTR{I) » ABCH(RIN=ABC)/DELL

RIN = ABC

ROUTR = ROUTR*CROUTR(X)

RETURN

END

DELDT
DELDT
DELDT
DELDY
DELDY
DELDY
DELDT
DELDY
DELDY
DELDY
DELDY
DELDY
DELDY



10

Lion

SUBROUTINE RELAY(RINR,RUJTR,CROUTA,DEL,DT,K)
DIMENSION CROUTR(Y}

DELL & DEL/(FLOATI(K)I*DT)

RIN = RINR

D0 10 imi.X

ABC = CROUTR(T)

CROUTR(1) = ABC+(RIN=-ABC)/DELL

RIN = ABRC

ROUTR w CROUTRLK)
RETURN

END

DELAY
DELAY
DELAY
DELAY
DELAY
DELAY
DELAY
DELAY
DELAY
DELAY
DELAY
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«EOR
«EOR

it

Lol

SUBROUTINE BOXCIBINR,BOUTR, TRAIN,HCOUNT, NOCY, LT, BUNIN)
DIMENSION TRAIFIY)

NCOUNT » NCOUNYa1

SUMIN -a- SUMIN»BINR

DFCNCOUNT (NE NOCY)IRETURN

HOUTR s TRAINCLY/FLOATINDEY)

DO 10 le2.LY

TRAINC w1} = TRAINID)

TRAINCLT) » SUMIN

SUMIN = 0,
NCQUNRT = 8,
RETURN

END

BOXC
adxc
113 1
BOXG
BOxe
8Qxg
BOXC
BOXC
adxe
80XC
BOXC
8ox¢e
B0Xc
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