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ABSTRACT

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

By

Alvaro Posada

The Atlantic Coast of northern Colombia (known as the
Costa) supports between 40 and 50 percent of Colombia's cattle
population and, with easy access to domestic and world markets,
is the most important of Colombia's five beef-producing reglons.
Because cattle raising is the main economic activity in the
.Costa and is an extensive operation with low technical
efficiency, the region has been a priority target for cattle
development programs. In the mid-1960s, with the finanéial
and technical assistance of several international agenciles,
the Colombian government started a cattle development program
aimed at increasing beef production mainly on the Atlantic
Coast. In the early 1970s this program was reinforced with
a disease control program and then revised and issued as a
national cattle development plan. The main instruments of
this plan are credit, technical assistance, export subsiﬁies
and improved marketing and slaughtering fac;litieg. Its
long-term objectives are to increase the protein supply to
the Colombian population and to generate forelgn exchange

earnings.
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,Thé 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 productlion were considered.
Alternative 1 considered the improvement of native and artificial
grasses; alternative 2 considered the improvement of artificial
grasses and the substitutlion of artificial for native grasses;
alternatives 3 and 4 added the production of forages and silage
to the improvement of range lands in alternatives 1 and 2 re-
spectively. At the present stage of the study, however,
alternative 2 was the only one comprehenslively 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 énd crops
subjJect to land and capital constraints; (2) caleculate yield
and output of cattle and crops and their respective producer
and market prices; (3) provide the instrumental linkages for
government revenue, export trade policies, and production
campaign policies; and (U4) generate the performance criteria
necessary to evaluate the impacts of alternative programs on

the cattle economy through time.
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kTpe ine\mgjqp\setsgof assumptionsxinvestigated were
(1) disease control in. the traditional herd, (2) alternative
cattle industry’taxing policies, (3) alternative development
credit policies, (4) alternative levels of government production
campaign promotion, and (5) alternative cattle priecing and
export policles. The results of the cattle policy experiments
were discussed in terms of the projected time paths (from 1966
to 1985) of five of the most important performance indices
incorporated in the model: (1) regional cattle population,
(2) Colombian beef consumption per capita, (3) regional farm
income from cattle, (4) capitalized grazing land value per
hectare, and (5) annual regional government revenue from
cattle. Experiments with disease control and export promo-
tion policies each used two indices instead of the above
flve: regional cattle population and extraction ratio for
the disease control policles and domestic market price of
finished males and export margin for the export policies.

In general, the study demonstrated that (1) the
projected outcomes with the government disease control
campaign were greater than under precampaign practices in
the traditional herd; (2) the projected outcomes with
government programs easing development loan terms were in
all cases greater than the base run which assumed current
credit policies; (3) the projected area in improved land and
the modern cattle population with government policies benefit-
ing both the traditional and modern operations were in all

cases lower than under policles beneflting only the modern
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’obéﬁatiﬁn; (4) the projected area in improved land‘with the
increased‘léhd tak rate was greater than the base run which
assumed current land tax rates; (5) the projected outcomes
with the removal of special taxes on cattle were lower than
the base run which assumed no removal of these taxes; (6)
given the assumptions on farmers' decisions and accounting
mechanisms in the model, availability of credit for land
improvement does not seem to be a serilous constraint to
land modernization; and (7) the projected outcomes with a
flexible exchange rate suggest that this is an effective
“incentive to export without involving large transfers from
public revenues to exporters in the form of subsidies.

The study indicated areas where more research and
régionai'data are needed to improve thé model's performance,
éﬁd’diséﬁssed possible extenslons that could help analyze more
"fully alternative policy strategies for the Costa's overall
'devélopment. Finally, the study demonétrated that the system
'éimulation approach with a computerized model of the cattle
ecéhomy which incorporated information from diverse sources
and accounted explicitly for the dynamic interactions and
feedbacks that might occur can be a very useful methodological

tool'for policy analysis.
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PART T

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 concelved more as political than as economic
documents.

Plans have been criticized as being essentially tech-
nocratic exercises; the general public has contributed little
to plan objectives and serious intention to implement has
been lacking. As a consequence, development plans have en-
beed minimal general support and have had little or no
effect on changing the country's economic, social and polit-
ical structures [26].

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

Yet its effectiveness as a tool for development will depend
on the will of Colombian authorities to provide the necessary
fnancial and institutional support for fulfillment of the

plan's goals.



In Part I, Chapter 1 discugses the scope and proce-
dure of thc study and briefly outlines the "systems approach"
used. Chapter 2 is a brief descriptive account of Colombiaﬁ‘
beef production, distribution and consumption that will help
clarify the problems of the cattle industry. Chapter 3 de-
seribes the region studied and the characteristics of i1ts
agricultural production. Chapter U4 discusses the modeling
specifications and procedure.

) Part II detalls the Northern or Costa model. Chapters
S’through 9 cover the land allocatlon and modernization de-
cisions component, the agricultural production component,
fhe'priqe generation component, pollcy entry points and the
criteria and general accounting component.

Part III looks at testing and valldation procedures
and fesults. Chapter 10 discusses data needs and the processes
‘of'tuning the model to track time serles of recorded behavior.
The results and implications of sensitivity tests on model
pafameters are presented in Chapter 11.

Part IV discusses policy applications of the model,
conclusions and areas for further work. Chapter 12 presents
the results and analyses of runs experlmenting with various
cattle development pollcy options. Experiments include an
Investigation of the sensltivity of policy results to changes
in certailn parameter values. Finally, Chapter 13 presents
summary and concluslons, and outlines areas for further work

in refining, improving‘and extending the modelv



CHAPTER 1
SCOPE AND NATURE OF STUDY .

aAgriculture in the Colombian Economy

Aithough agriculture 1s Colombia's main economic
acfiﬁity, its rate of growth during the last two decades has
been lower than that of the gross domestic product (GDP).
In'1969 i1t contributed 30 percent of GDP but 1ts share in
the national output has been declining as industrialization
ﬁas proceeded. Nevertheless, agriculture continues to be
the main source of employment with over half the Colomblan
“péoplé directly depending on it for their living.

Within the agricultural sector, livestock production
occupies about 87 percent of all agricultural land, account-
ing for about one-third of agricultural output, or approximately
ib bercent of GDP. Beef 1s the primary product.

But despite the agricultural industry's importance,
the proauction of basic food crops has barely kept pace
ﬁikh-a 3 percent population growth rate. Cattle slaughter
lﬁer 1000 inhabitants has been declining since 1950.

o Colombia's economic growth has been responsive to
'chdngeé in the performance of the export sector and this

has been dominated by agricultural exports which accounted

for 78 percent of total forelgn earnings ln 1970. While.
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-cqffeekhas femained»the cohntrilsfmajor~éxport,iits\share
,offthe“tocal Qalue of exports*has declined from 72 perceht
‘in 1960‘to 61 percent 'in"1970. AS”a=pfoportion"of all agri-
cultural ‘exports it has declined from.over 90 percent prior
.to 1965 to 75 percent in 1969 [411. But Colombia's dependence
on agrilcultural exports which have-unstable world markets
(e.g., icoffee, bananas, ‘sugar and cotton) has -undesirable
disequilibrating effects which Jeopardize ‘development efforts
and credte the necesslty of "finding new -sources of foreign
‘revenues, The development of the beef industry, for which
the outlook in world markets .is considered brilliant, will
accomplish the aims of increasing the domestic csupply of pro-
tein for an improved diet and of helping remove both’the for-'
. eign'exchange and instability constraints. |
“Yet in order to fuIly.exploit the natural ccmparative
» advantage Colombia has for .cattle ‘raising and .make .it a lead-
'.ing industry that 'is competitive.in world markets,*a~great
.‘effort has to be made to overcome the traditionalism that
has characterized the industry and to supplysthe necessary
inputs for modernization. .
In recent years the Colcmbdahfgcverhment has.?evised
dts policies toward the cattle 1ndgstry:andlheorienped them
toward the attainment of 1ncreased(beef prcduccdon. These
policies have been assoclated with credit and technical
assistance, disease control, ;and ownership hightseltaxation

and export subsidies.
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The Colomblian government has given priority in the
cittlg development program to the Atlantic plain of Northern
Colombia because of that region's favorable natural condi-
tions, its accessibility to domestic and forelgn markets, and
the fact that it has the largest share of the country's cattle
npopu%ation. This also supporis the decislon to focus the

present study in thils geographical region.

Need for This Study

Since cattle production is not merely an important
economic activity but the only practical use for millions of
hectares of agricultural land not suitable for crop produc-~
tion because of soil conditions, climate, floodings and/or
«aistaﬁce from markets, its performance 1s and will be an
‘important factor i1n the success of Colombla's efforts to
foster sound economic growth in agriculture.

Because of 1ts size, probably future demands for its
brbdﬁéts and the need for improved operation, the Atlantic
plain beef production system's performance has had and will
have a significant impact on Colombia's agricultural economy.

Several studles have been done on various aspects
of the Colombian beef production and distribution systems.
General descriptions of the industry and analyses of current
and proposed policies have been done by Riley [61], the Food
and Agriculture Organization (FAO) [66], the Caja Agraria
[6], the World Bank [U42] and the Instituto Colombiano
Agropecuario [31]. 'Production problems and projections have

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



Atkinson [67]. Bowser [5] attempted to make productlon pro-
Jections by regions and establish surplus and deflcit areas
under two systems of management. Daines (68] 15 attempting
to incorporate the cattle subsector 1nto a broader sector
analysis of Colombian agriculture.

More speclalized studies on diseases and reproduction
problems have been done by the Instituto Colombiano Agropecuario
(ICA) and Gomez, respectively [31, 24]. Slaughte: ing, market-
ing and oppertunities for exporting have been studled Ly
Anderson [2], Booz, Allen and Hamilton [4], Secretaria de
Agricultura de Antioquia [64], and Garcla Samper [23].

Profitability studies have been done by the World
Bank [U42, 43], Federacion Colombiana de Ganaderos (FEDEGAN)
[20], and Instituto Colombiano de la Reforma Agrarla (INCORA)
[34]. More recently, the Centro Internacional de Agricultura
Troplcal (CIAT) [9] made a survey of the cattle industry in
Northern Colombia in an attempt to gather basic information
and identify specific problems which are in neced of further
research.

These have mostly been descriptive studies, and when
projections are included they are trend-like, straight forward,
algebraic estimates. The credibllity of these ecstimates has
always been questioned because of thelr rellance on tine-
series data which deserve a low degree of confidence, Yet
they have served the purpose of providing background Informa-
tion about the cattle industry and a basis, though weak, for

planning i1ts development. But except for the Bowser, FEDEGAN,
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and the CIAT studies, no attempt has been made to place the
cattle industry in a regional context and assess the effect
through time of alternative 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 inteructions with
other subsectors of the agricultural economy.

This di«gertation 13 an attempt to Integrate the
avallable information Into a computerized model that will
provide the policy maker with a more informed basis for
planning development strategles for the Colombian beef pro-
duction system on the basis of the learning experience from
the Northern regton. The basic parameters and structural
relationships entimated in this study can be utilized in cthe
future for modeling the cattle industry in other Colombian
regions, and/or for developing a broader regional model of
Northern Colombia.

This study has gained from experience with other
simulators of cattle population and related activities
developed for Nigeria, Korea, Northeast Brazil and Venezuela
[53, 62, 51, %5]. The cattle population simulator developed
by the World Bank [#3] also has provided an invaluable
experience.

General Systemn Simulation Approach as a Tool for
Reef Polfcy Annlynis

In vecent, years there has been an Inereasing interest

in the utilization of the aystems approach for analyzing



complex developmental problems. Computeritzed techniques
have helped automate the hand calculation pvoc@us and cxpand
the range of alternatives which can be examined. Policy
makers and researchers have been placing more confidence
and credibility on the general system simulation technique
as its methodology and approaches for development have been
better understood and developed [25, 46, 4T]. Public and
private declsion makers have been presented wlth an approach
that attempts to build a general model to trace the conse-
quences through time of following alternative courses of
action based on at least as wide a range of kinds and sources
of data and information as decision makers use without
specializing in any one technique to the exclusion of tech-
niques frequently used by decislon makers. In addition, the
approach carefully avolds premature application of maximiza-
tion techniques in situations where decision makers reallze
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-sclence simulation
approach very similar, though more comprehensive and complex,
to the descriptive and paper-and-pencll and desk-calculator
projections which have maintalned a high level of credilbllity
among decision makers [47].

Researchers have been provided with a technlque for
analyzing the problems of development without the method-
ological and theoretical restrictions of more speclalized

techniques such as simultaneous equilibrium equations,
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.linear programming.(LP), benefit/cost ratilo.analyses, .
internal rate of return analyses, etc.l/ And as new con-
cepts and experiences regarding the formulation and imple-
mentation of systems approaches have evolved, many of the
early objections of statisticians concerning the reliabllity
of the estimates of parameters, crilterlon variables, and
prescriptions by users of the systems analysis are belng
dissipated. The analogy between the general systems analysis
simulation approach and the Bayeslan approach to inference
has been demonstrated by Ladipo [50], and Johnson [47, 49]
has analyzed repeatedly the possibility of empirically vali-
dating and verifying the normative concepts involved in
-simulation models. '
Econometric methods with probabilistically estimated
parameters rely heavily on time-serles.and cross-sectional
data not always available 1n developing countries. These
techniques also tend to be speciallzed on linear equatilons
-and behavioral assumptions involving maximization in accor-
dance with neoclassical theories of the firm and household;
the economic forces that link the varlous components of an
economy are assumed to be self-equilibrating as a consequence
of the maximizing activities for entrepreneurs and consumers.
However, the validity of these two assumptlions has.been chal-

lenged where the findings of these kinds of studles were to

l-/For' a more detalled discussion of varioﬁs speclal-
1zed techniques see Manetsch, et al., [53]. For particular
applications to the Nigerian cocoa 1lndustry see Chong, [10] .
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be used for policy analysis and prescriptions [53]. These
and other methodological difficulties often result 1in less
reliable parameter estimates than avallable from alternative
kinds and sources of data and information with less sophisti-
cated estimation and approximation technlques.

Linear programming and benefit/cost ratios and
internal rates of return are other specialized techniques
which have gained considerable prominence in recent years.

LP is always used in an optimizing mode in solving the prob-
lems of resource allocation and policy analysis. The other
two techniques have been used more for project analysis than
for analyzing alternative policies and programs. Basically,
all these techniques suffer from a need for a common denomi-
nator among the goods being sought and the bads being avoided.
Moreover, the approach is quite mechanistic and may not allow
’figorous analysis or interaction between researchers and
policy makers needed for a better understanding and improv-
ing of the system.

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

The general systems simulation approach, following
the principles of the scientific method and prdbiem-solving

research, 1is viewed as-an lterative problem-solving process
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that includes problem formulation, mathematical modeling,
refinement and testing of a computerized approximation of
the mathematical model, and creative design and execution of
silmulatlion experiments intended to provide answers to the
questlions being asked by the decislon makers involved.l/
The general system simulation approach has been
speclally applicable for solving many of the protlems of
economic development which do not meet the requirements for
applying the simple maximizing computations of static pro-
duction, consumption and welfare economics. As decislon
makers seek so many dlfferent goods and avoid so many dif-
ferent bads in developing the economy, it is very difficult
for them or anyone to find a common denominator to be maxi-
mized or minimized. Problems of ordering and imperfect
knowledge about future consequences of present actlons com-
pliﬁate the circumstances in which decisions are made. Yet
reaching prescriptive concluslons to solve development prob-
lems requires development of positive and ncrmative knowledge.
The methodology used 1n the general system simulatlon approach
allows the system analyst to maintain a philosophic orienta-
tlon sufficlently flexible to permit analysis of gquestions
involving both the normative and the nonnormative values

always present when considering the goals of c¢conomic development,

l/For more detailed discussion of the philosophy and

methodology of the general system simulation approach for.
problem-solving research, see Manetsch et al., [53], Abkin
[11, and Rossmiller et al., [62].
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There are four distinguishing features of the general
system simulation approach particularly useful for the policy
analysis of the Colomblan beef economy. First, it 1s a
generalized approach which makes use of a wide range of
primary and secondary informatlca from many sources Includ-
ing surveys, government records, experiments, business
records, qualitative judgments and insights of subject matter
experts, and descriptive work about the beef industry from
various disciplines. Also a wlde variety of speclallzed
techniques are used from econometrics, linear programnmning,
partial budget, project analysls, etc. Since the research
and model-bullding process 1s 1iterative and flexlble, new
information can be incorporated easily ac 1t becomes avall-
able, and the structure of the model modificd accordingly.

Second, the system approach can Incorporate many
types of functional velationships into the model to closely
reflect the current or potentlal real system. These include
dynamic interactions, curvilinearities, discontinuities,
time lags, probabilitles and 1rreversibllitices.

Third, the approach docus not have to assume (but does
not preclude) any profit or utility maximizing producers
and consumers, or any self-cquilibrating economic adjust-
ments. Tt does not necessarily involve o unique set of
optimiring colutions based upon a common ot jective or a pre-
determined singular goal, which does not exist 1n reality.

In contrant, the approach is more gulded by the problem

under {nvestigation,
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Fourth, the system simulation approach provides an
experimental setting for exploring the consequences of a
wlde range of alterrative plans or ranarerent strategles
that ultimately will ascist policy makers in determining
the best course of action. Decision makers may bte shown the
consequences of alternative courses of action in terms of
what goods or bads will be received by or imposed upon groups
of peoplc, when, and in what quantities. After such projec-
tions are available, interaction among investigatores and
policy makers will lead to a better understanding of the
trade-offs arong the numerous 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 1s a way of solving the problem of
finding an interpersonally valid common denominator. As
stated earlier, this problem has contested the usefulness of
the approach uced by some quantitative techniques of analysis
in examining the problems of economic development,

Further, in the 1terative procesc, declslon makers
and investigators can work Interactively to solve the remain-
ing two major theoretical difficulties found in the analysis
of development when ucing some other problem-solving tech-
niques. T[lrct, the sequence in which different action pro-
grams should be undertaken can be established, thus resolv-
ing the problem of how programs and proJects (actions) can
be ranked. ''hen, when consequences of alternative decision

rules can be proJected and studied, it 1s possible to develop
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a basis for choosing the best rule among the alternative
courses of action being considered. This solves the planners'
problem of choosing, a decision-making rule, especlally under

conditions of imperfect knowledge and uncertalnty.

Purpose and Objectlves

The purpose of thils thesis 1s to develop a model to
help evaluate policy decisions that might be made in expand-
ing the production of beef in Northern Colombia through
time. More specifically, the obJectives are:

1) To develop a credible simulator that could

eventually be extended to other beef produc-
ing regions and be further 1ntegrated into a
national model.

2) To use the simulator

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

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

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

The procedures used in meeting these objectives will

be discussed in Chapter 4,



CHAPTER 2
A GENERAL DESCRIPTION OF THE COLOMBIAN CATTLE INDUSTRY

The characteristics of cattle raising in Colombia
described in this chapter will help in understanding the
multiple problems affecting the industry.

Stock farming in Colombia 1s carried on in a variety
of climates and ecological zones that give rise to a wilde
range of problems which 1limit beef ylelds and supply. The
principal limiting factors are the heavy incidence of animal
diseases, malnutrition, deficlent marketing and slaughtering
systems. Besldes the technlical factors, government decisions
that affect the political, soclal, and economlec environment

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

Size and Locatlion 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
occuples approximately 5 million hectares, which leaves 35
million hectares under livestock. Even 1f crop acreage
increases at 7 percent per annum durlng this decade, which
would be very rapid pgrowth, there still would be 30 million
hectares 1n 1980 with no practical alternative usce but praz-
ing. I'he nation has the choice of producing cattle on this

15
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Tand or letting 1t gmo ldle.  Credit and managertal manpower
. éfe the only scarce inputs ﬁsed by the livestock subsector;
thus cattle production is not currently a competitor with
crops for scarce land.

Although statistical data are not extremely reliable,
Colombia supports about 20 million head' of cattle, including
slightly more than 17 million beef animals. The rate of
increase in cattle numbers has been low, about 2 percent per
annum over the period 1950 to 1969. Since 1956, the rate
has been close to 3 percent [41]. Although Table I.l1 shows
that herd numbers increased at about 4 percent per 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) The Atlantic Coast at an altitude of between

0 and 500 meters includes Cordoba, Bolivar,
Atlantico, Sucre, Cesar, Magdalena, Guajira,
and Northern Antioquia. Average temperature
exceeds 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. Bowser, "Prerequisitos y Potencial para la

Exportacion de Carne en Colombia en la Decada de 1970,"
Agricultura Tropical, XXV (Bogota, Nov., 1969), 679.

E/Cattle population and area in pasture for regions 1,
2, and 3 are taken from Caja Agraria [6]; for region U4, from
Bowser, ibid., 684; and for region 5 from ICA [31].



Venezuela

-,
Samnpnder ‘Y . e
J Arauca

ry

Me'la
FASTERN PLAINS

/‘f.’.—\.&n/ Guonic
p
S

N T

h NI? !
N\ ? e — )l\ Vaure N
r;/ \-c:_j '\\\,
@o Put.reay> ~ C.,-ela \‘,‘. -~
Qad I PR
Or N _- J \. ! .
S -~ ( Brazil
Aruaaw s \
KEY|
I ATLANTIC COAST Peru

II CENTRAL & UPPER MAGDALENA VALLEY

III cAuCA VALLEY
[V EASTERN PLAINS
V SOUTHERN REGION

FLGURE [.1. Colombia--the five beef pgttle‘gnQQpcipg‘regidns;



18

2) The Central and Upper Magdalena Valley at an
altitude of less than 1000 meters includes
Central and Southern Antioquia, Eastern
Caldas, Tolima, Huila, the Santanderes, Central
and Western Boyaca and Cundinamarca. Average
temperature exceeds 24°C and average rainfall
varies between 2000 and 4000 mm. Cattle popu-
lation is approximately 4.3 million head and
area in pasture is 5.6 million hectares.

3) The Cauca Valley at an altitude of less than
1100 meters includes Valle, Cauca, and parts
of Caldas, Risaralda and Quindio. Average
temperature exceeds 24°C and annual reinfall
varies between 1000 and 2000 mm. Cattle popu-
lation 1is approximately 1.25 million head and
area in pasture 1s 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
mm. Cattle population 1s approximately 1.5
million head and area in pasture is 16 million
hectares.

5) The South, at an altitude of less than 1000
meters includes South Eastern Narifio, Caqueta,
Putumayo, Amazonas and Vaupes. Average tem-
perature exceds 24°C and annual rainfall varies
between 1000 mm and 4000 mm. Cattle population
is approximately .69 million head and area in
pasture 1s 3.5 million hectares.

Production and Marketing Systems

Cattle production in Colombla 1s an extensive opera-
tion depending almost exclusively upon pastures as a source
of feed inputs. Limited amounts of feed concentrates are
being used in the more intensive dalry operations, and there
are a few cases of confined feeding of steers.

For the natlon as a wholg, the ayerage carrying
capaclty is about 0.57 head per ﬁeéf;ré; Bﬁt tpere are wlde

" differences ‘in capacity among the various -classes of pastures
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.TABLE I.l. _Cattle Numbers in the National Herd and Export
of Live Animals, 1960-T4. (1000 head)

No. of Change in Registered

Year Cattle Inventory Exports
19602/ 15,329 529.0

1961 15,679 350.0

1962 15,979 300.0

1963 16,279 300.0 /
1964 16,584 305.0 3.1=
1965 16,882 298.0 76.0
1966 17,372 490.0 58.4
1967 18,082 710.0 19.8
1968 18,830 748.0 19.1
1969 19,576 T46.0 58.3
19708/ 19,742 166.0 125.8
1971 20,334 592.0 191.7
1972 20,994 660.0 215,08/
1973 21,573 579.0 282.0
1974 22,328 755.0 329.0

a/ Cattle inventories between 1960 and 1969 are from World
Bank Report [41]. ’ ‘ ’

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

¢/ Cattle inventories between 1970 and 1974 are projections
by ICA [31].

d/ Exports between 1972 and 1974 are low target projections
by Instituto de Comercio Exterior, INCOMEX [35].
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and regions. The artificial pastures which make up about
" ne—third to two-fifths of the total pasture area [61, 66]
have the greatest carrying capacity: about 2.0 to 2.5 head
:ber hectare under good management. These pastures have a
carrying capacity 3.5 to 4,5 times greater than that of
natural pastures.

The highest stocking rates are in the Costa depart-

‘ments: 1.35 to 1.45 head per hectare; some of the lowest
rates are in the Eastern Plains (Los Llanos) where a breeding
cow and her calf are carried on up to 10 hectares. In the
Magdalena and Cauca Valley regions the stocking rate varies

. from 0.74 head to 1.00 head per hectare.

The national beef herd has been derived from "Criollo"
breeds which still account for approximately 20 percent of

Jthe total. The remainder have been upgraded from "Criollo"
by Cebu (mostly U. S. type Brahma) for up to three or four
generations. The hybrid vigor of the first crosses and the
adaptability of the Cebu to tropical conditions contributed
to the popularity of this breeding practice.

The size of producing units varies widely although
accurate statistics on herd size distribution do not exist.
Large units exist in the Atlantic Coast, Eastern Plains and
South regions while in the mountain areas of Central Colombia
there are many small units with less than 10 head of cattle
per farm. Sixteen departments surveyed by the Departamento
Administrativo Nacional de Estadistica (DANE) [14] in 1960
had 98 percent of the cattle in herds of less than 200 head.
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As various measures of productivity show, the
‘ﬁgchnical efflclency of the Colombian cattle industry is
.low. The "extraction rate," which is the proportion of the
cattle inventory extracted for domestic slaughter and ex-
portation, 1s approximately 13 percent annually. This extrac-
tlon rate compares with 40 percent in the United States, 29
percent in Australia and 24 percent in Argentina.

The calving rate (number of calves born as a percent
of females of breeding age) 1s 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
ﬁ 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 1s very low; slaughter age
145 gpout i years, although some of the better growers now
market steers at 3 years of age. Thils 1s still high compared
to the average marketing age of 1.5 to 3 years common for
slaughter steers in the United States. Steers from La Costa
are slaughtered at about 450 kg. live weight while Los Llanos

,steers average 390 kg.

. Yield per animal slaughtered, in relation to the 1live
ﬁgight qf the animal, 1is barely 50 percent, as compared with
58;tq 60:percent in countries where types speclally bred for -

the production of beef are prevalent. Beef ylelds per hectare
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and per animal are also low when compared with other countries.
Von Oven [60], reported live weight yields per hectare of 62
and 11 kilograms for the Costa and Eastern Plains, respectively,’
as compared with 90 kilograms for the Buenos Aires province i1n
Argentina. Live weight ylelds per animal unit were 83, Lo -and
117 kilograms for the Costa, the Easter Plains and;the'Buenés
Aires province, respectively. L

Mortallty and performance’at ail stages of growth afe
affected materially by inadequate heaith control measures.
Major diseases or parasites which causé mortality or losses
through the falling-off in production among the animals
affected are endemic foot-and-mouth (types A and 0), rabiles,
anthrax, brucellosis, septaecemia, ticks and tick-born fevers,
black leg, screw worms, and a great variety of internal
parasites. Although effective control measures that could
be applied in Colombia exist for most of‘theseydiséééés,
treatments are not a common practice. “ N

Since 1t first appeared in Colombia in 1950, foot-and-
mouth disease has caused significant losses that have'ﬁeen
estimated by the Instituto Colombiano Agropecaurio--ICA=--
éﬁ Ps. 332 million annually [31]. These losses are produced
by death, reduced welght, retarded maturity, reduced milk
production, and culled animals because of severe health
injuries. Furthermore, foot-and-mouth disease constitutes
an obstacle to trade between affected and immune areas, and

precludes livestock and meat exports to countries which are

free from the disease or on the-way to eradicating it.
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Brucellosis, or infectious abortion, i1s next to foot-
and-mouth, among infectious and/or contagious diseases, in
causing the heaviest livestock losses. Brucellosis affects
about one-fifth of the cow population (1,136,000 head), and
about 2 percent of the stud bulls (9,600 head) [31]. Losses
in 1967 were estimated at Ps. 177.5 million and consisted of
some 136,000 miscarriages, permanent sterility in about 22,700
cows, impossibility of using 9,600 sick bulls, deaths of
about. 5,500 cows, and permanen; loss of milk in the affected
COWS,

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

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

functions are affected, sometimes so seriously that the
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animals become infertile or fecundity is reduced; and this
i1h turn greatly lowers the birth rate. Gomez [24] reported
up to 20 percent of cows between 2 and over 10 years of age
as having permanent infertility, with trophic problems
(associated with nutrition) as responsible for 85 percent
of the cases.

In addition to seasonal shortages, forage production
is aggravated by the underdiversification of pastures and
the absence of satisfactgry rotation practices. Little
attention is devoted to the management and care of pastures
and they often deteriorate greatly.

Obsolete and even primitive practices which prevail
1n\many stock farming activities are responsible for the
hajority of drawbacks and deficiencles found in cattle pro-
ddction: 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'
tendepcies to stick to traditional routine practices.

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

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

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

Daines [70] gives another measure of the low labor
intensity and high investment requirements to generate new
employment in livestock. In livestockl/ labor is 1.0 to 4.3
percent of total costs as compared with 20 to 68 percent for
most crops. And it takes from 6,300 to 26,255 dollars of
investment to generate a new direct man-year of erployment
in livestock as compared with 300 to 3,270 dollars for most
crops.

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

The marketing system 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
animals are bought on the farm, and are usually purchased
with liitle consideration of welght or quality. Cattle are
shipped directly to "ferias" or stockyards, which are located
throughout Colombia. Medellin is 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 heen and
will continue to be one of the most serious marketing prob-
lems confronting the industry. Serious losses of welght
occur during on-the-hoof movements. Cattle tralled for long
days--from the Llanos for 1instance--lose up to 1% percent of
their welght, 1n addition %o which mortallty must be taken
into account. Oevere welpht losses are also reglstered in
animals taken by boat; in some cases the time betwvecn the
departure from the farms, arrival at the port of loading and
transport to the place of destinatlon may be as long as 15
days or longer. Although truck and rall transport cause
fewer losses, these means are deflclent and costly and the
animals are badly mishandled 1n 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 hoof and the meat. One of the chicef drawbacks 15 too
many small slaughterhouses where the volume of operations 1s
not large cnough to finance the equipment, construction and
gervices which would be required for efficient organization.
Only about & percent of the slaughterhouses are located in
major cltics and provide technical and hyglonic scervices,

Among ottier serlous deflcienecles in the slaupghter
of livestock and the handling of meat are the inefflcient

utilization of slaughter by-products and the lack of
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refrigeration facilities, even in torrid climates where
meat spolls in a very few hours.

Prices of cattle and beef have been rising with the
general inflation that has prevalled in Colombla for several
years. Prices of cattle at the ranch, con a livewelght basis,
were approximately 5.17 pesos per kllogram in early 1970,
equivalent to U. S. $0.28 per kilogram livewelght. Deflated
consumer beef prices have increased by 18 percent from 19€4
through 1969, while prices at the ranch only increased by
13 percent [U417.

In addition to the rising secular trend, beef prilces
show both seasonal and cyclical variations with cycles averag-
ing about seven years in length. Seasonal price fluctuations
are caused directly by the occurrence of dry seasons and the
lack of irripated pastures and forage storage.

Until 19€L the official exports of livestock products
were negligible, but have since shown substantial increases.
In 1970, these exports reached over U, S. $21 million [63].
In 1974 livestock exports are expected to range between a
low target of U, S. $51 and a high target of U. S. $107
million [35]7.

Exports of beef (frozen, refrigerated and chilled),
viscera and processed meat have been increasing in importance.
Estimated values for 1971 were U. S. $9.4 million for beef
and U, S. $0.17 million for viscera and processed meat as
compared with U. S. $2.4 million and U. S. $1.08 thousand

in 1965, respectivelv,
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Peru has been the mcst important market for live
catlle followed by the Duteh Ant11len, Trench Guiana and
Venezuela. Illegal exports of live animals, predomlinantly
to Venezuela, have been estimated between 100,000 and 300,000
head annually. Spain, Peru, the French Antilles and French

Guiana have been the most important markets for beef.

Beef Consumption

Reglstered 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].3/

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 1t
increased again by 30 percent. From 1965 to 1968 slaughter
decreased by 3.3 percent and then turned upward again during
the next three years.

Slaughter of male cattle fluctuates less than that
of females and averages about 60 percent of total slaughter.
Female slaughter averages about U0 percent of total slaughter
and has ranged from 34 percent in 1954 to U4l and U3 percent
in 1951 and 1965 respectively [16, 61]. Consequently, the

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

l/This refers to domestic consumption. Official

statistics usually include registered exports of beef and
live cattle.
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-~largely:due to changing policles of farmers who withhold
'females for. breeding purposes. Apparently, accumulation
and liquidation phases in the cattle cycle'aré{cdmpleted,
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.
Reglstered cattle slaughter decreased from 123 head per 1000
inhabitants in 1951 to 110 head in 1970. Per capita con-
sumption decreased from 29.6 kg. in 1951 to 22.4 kg. in
1970,%

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

but when unregilstered slaughter 1s consldered, per

distrlbution of income aggravates the nutritional problem,
leaving peasants and low lncome urban groups with a consump-
tion of 18.0 or less kilograms [31]. Undoubtedly beef con-
sumption by the mass of the population 1s 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 lncome and price demand
elasticities. Assumlng no price changes, domestic demand
1s expected to grow at approximately 4.8 percent annually
[31]. This assumes an income elasticity of .6, and annual
rates of growth 1n population and real income per papita of

3.2 and 3.0 percent respectively [31].

l/Estjmnte based on an overall dressed carcass
averape of 200 ky. ‘
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Riley [61] and ICA [31] héve proJeéted'domestic con-
sumptipn in 1975 using different estimateS"fof~the average
consumption per capita. According to Riley,.1if per capita
consumption remains at 23.75 kg. annually--the average for
the 1958-60 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
1964--domestic consumption would increase to 640 thousand
tons by 1975 or about 85 percent over the base perilod.

The parameters determining the rate of growth in
demand and the estimates of domestic consumption suggest the
need for well coordinated government policies if the goals
of improved nutrition, production.incentives and increased
. foreign exchange are to be attailned. 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 Policles Toward the Cattle Industry
o Taxation. Incentives for beef cattle production in
Colombia are crucially affected by government policy. Cattle
raising is subject to the same income and complementary

taxes (ne@ worth and excess profit) as any other economic
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ac;ivity, But certain special provisions by which costs
and income are cohputed favor the cattle producing taxpayer.

The essence of this tax policy relates to the cost
basis on which profits are calculated. Por 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 1s treated as an
increase in capital and is not subject to income tax.

The tax policy is also designed to encourage ranchers
to engage in breeding activities or to hold females rather
than males in inventory to build up the national cattle herd.
A net worth tax exemption and two taxes support this policy.
The first 1s a slaughter and export tax which differentlates
between the sexes: 50 pesos per head for males and 100 pesos
per head for females. The second i1s a selective inventory
tax equivalent to the value of 4 kg. liveweight per head
which applies only to males over one year of age. The amount
of this tax varies from year to year. In 1971 it was 18.40
pesos per head.

A final element in government taxation of the live-
stock industry is a general inventory tax. Any individual
or corporation whose investment in livestock exceeds Ps.
15,000 at the close of any year from 1959 through 1980 1s

subject tc a levy of 1 percent on the net investment.
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Taxpayers who elect to subscribe for shares of Banco Ganadero
and the Fondos Ganaderos at par, in an amount equal to the
total tax due, are exempt from cash payment of the tax.

This is in fact the customary form of payment, and it pro-
vides an important part of the capital of these credit
institutions.

A property tax of 4.2 mills on the assessed value
‘of land is also levied on the cattle subsector. Additional
surtaxes of three and two mills are levied on assessed
pfoperties 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 approval
by Congress [56]. Now, cadastral value of the land alone
serves to assess farm income. Yet only a proportion of the
cadastral value is used: (1) 50 percent for permanent crops
and cattle raising, (2) 75 percent for temporary crops, and
(3) 80 percent for annual crops. The presumed income is 10
percent for all crops and cattle fattening, 4 percent for

2/

cattle breeding,=’ and is also subject to the normal pro-

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

i/mese are regional development corporations with

.headquarters in Calil and Bogota respectively.

2/Javier Ayala, "Nueva Propuesta Sobre Ley Agraria,"
El Tiempo, (Bogota) January 20, 1972, p. 1.
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out. the special inventory tax on males and provides tax
incentives on reinvestments 1n the farm. Fifty percent of
farm income in excess of the presumed income is exemptgd
from taxation if reinvested during the year following the
fiscal year.

Land Reform. Large holdings and extensive methods

in cattle raising have made grazing lands an easy target

for expropriation and land distribution schemes. Under the
provisions of Law 135--the agrarian reform law--most pastoral
estates are considered inadequately utilized and could be
expropriated at the least favorable terms.

With the increasing need for farm products, and
considering that threats of expropriation have discouraged
long-term investments and hampered agricultural development,
the government in 1971 undertook a major revision of Law 135.
The revised law,l/ now pending approval by Congress, provides
for more protection against expropriation of adequately
utilized farms and for more favorable compensation terms
if expropriation occurs.

The designation of farms as adequately utilized has
been tightened; it now includes, among other things, the
attainment of minimum levels of productivity, and the improve-
ment of the level of living of the workers employed by the
landowner.

Cash payments for. adequately utilized farms have

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

1/1p14.
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is 500,000 pesos or less, with this proportion decreasing
gradually as the total land value increases. The balance
will now be pald in five years with interest bearing and
hegotiable government notes.

‘ Credit. Government direction of agricultural credit
is carried on through a complex of official rediscount
facilities, reserve requirements and direct leglslation.

The Monetary Board, appointed in 1963, has legislative
control of the banking system and is responsible for setting
legal reserve requirements, interest rates and term of loans.
Lending to the agricultural sector has been growing
faster than in the economy as a whole. ‘But within the agri-
Eultural sector, livestock increased slower than the growth
in overall credit in the economy [41]. The livestock
ﬁértfolio's share of the total has been relatively constant,
reaching a low of 18.3 percent in 1966 from a peak of 21.7
percent in 1963. Over the period 1958-1967 the livestock
portfolio averaged 19.5 percent of the total portfolio.
Among legislative measures, Law 26 of 1959 has in-
creased the supply of credit to agriculture and strengthened
the activities of the Banco Ganadero and Fondos Ganaderos
through allocation of the general inventory tax. These
credit institutions which specialize in livestock develop-
)ment, must loan not less than 70 percent 6f their funds for
breeding and growing. The law also requires that commercial
banks loan not less than 15 percent of their deposits for

agricultural purposes.
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At present, the Caja Agraria and Benqp Gapadero are
the two most important sources of credit to livestoc}c~
broducers. In additlion, commercial banks are required‘by
law to lend 15 percent of their deposits to agriculture,
including loans for livestock development. In 1967, tpe
CaJa’Agraria held U47.9 percent of the livestock portfolio;
the commercial banks 30.0 percent; Banco Ganadero 18.6
pereent; and Banco Popular 3.5 percent.

Institutlonal credit is available to cattle producers
at varied interest rates and terms. In general, interest
rates charged to small and medium producers range from 8
to 12 percent annually, which are below the current commercial
rate of 14 percent. Interest rates charged to large producers
are more 1n line with the commercial rate.

Terms for repayment vary greatly according to the
purpose of the loan. For fattening activities terms do not
exceed one year, while for breeding and land improvements
terms range from three to twelve years. Grace periods from
one to four years have been introduced to accommodate better
the repayment obllgations to the slow return from invest-
ments characteristic of the cattle industry.

Special funds from foreign and domestic sources are
administered by the Caja Agraria and Banco Ganadero as part
of tpe'overall cattle development plan. Small cattle pro=-
dpcers withlin the INCORA~supervised credit programs receive
loans, mostly in kind, from the Caja Agrarila and Banco

I

Ganadero. The Caja-INCORA scheme is financed by a loan from
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AID to INCORA, and funds for the Banco program come from
INCORA's Fondo Rotatorio. The Caja also administers a loan
from the World Bank for livestock development programs. The
Banco Ganadero has been using funds from the Inter-American
Development Bank (IDB), the Dutch Government and AID for
the same purpose.

Loans from these programs are being devoted mainly
to beef production in the Atlantic Coast and the Eastern
Plains. Ranchers borrowing from these funds have to par-
ticipate with 20 percent of the estimated cost, receive
technical assistance and invest up to 70 percent of the loan
oh farm improvements. Interest rates are 14 percent annually,
'the term of repayment 1s up to twelve years with a three- to
four-year grace period.

Another form of credit quité common in Colombia,
known as "cattle-in-partriership," is mﬁde available in the
form of cattle rbr which the rancher providés pasture and
supervision. Profits are shared when the cattle are sold.
The cattle are financed by the private sector and the Fondos
Ganaderos (livestock funds), for which financing is provided
by departmental and national governments and by the Banco
Ganadero and Caja Agraria. A usual profit sharing arrange-
ment is 60 percent rancner, 40 percent financier. While
such an arrangement has the advantége 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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:Qesp;§§)§heﬂgr;qpityvg;vgn'by the goverppent pg
ag?igglturgl credit and the increased channeling 6f resources
tqk;t, there 1s still an unsatisfied demand for long-term
credit. Recent agricultural credit policles have been
griented towa;d increasing the availability of funds aﬁd
raising the interest rates to ensure a better utilization
of scarce capltal resources. |

.vhanges in agricultural credit policies have included:

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

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

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

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

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

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

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

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

Discase Control. With an international commitment

e
‘4-3!'

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

R
(B

to ICA the attainment of this goal and the eradication of
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brucé]losis. To meet 1ts commitment, and with _the Pinnnoin]
assistance of the Tntor-Amerlcan NDevelopmeni” Bank and the
technical assistance of the Pan-American Center Apgainst
Foot-and-Mouth Disease, ICA prepared a two-stage plan
beginning in 1971.

During the 1971-1975 stage the campaign will be
concentrated in the Atlantic Coast region where 83 percent
of the cattle population will be treated by the end of the
period. 1In the same year the proportion of cattle treated
in the rest of the country will be approximately 58 percent.

In the next period--1976-80--control measures will
be intensified in all producing zones and the proportion
% of cattle treated will be very close to 100 percent.

While the control of FMD is restricted to priority
areas, the control of brucellosis will be spread over the
entire country. The campaign aims at having 100 percent
of the female population free of brucellosis by 1974.

Development Plan. In 1972 the Minlstry of Agriculture

. 'prepared a comprehensive livestock development plan for

' Golombia.t/

The obJjective 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

‘ b
! * i.

l/"El Gobierno Modifica Su Politica Ganadera,,
" El :Espectador (Bogota), November Ty, 1972, p. l...%'
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‘avallability of credit and easier credit terms; (3) increased
association of credit with technical assistance and sub-
sidized -technical assistance for small producers; and
(L) protection against land expropriation if certain levels
of productivity and use of resources are attained,

Exports. General measurc- to promote exports are a.
more flexible exchange rate policy and a 1% percent tax
bonus (Certificado de Abono Tributario--CAT) incentive for
all exports, except coffee, raw cattle hides, and petroleum.
CATs may be traded at a discount or used after cne year of
issuance for tax payments. More specifically, the govern-
ment has begun to promote beef exports through a cemi-public
lending institution, Corporaclon Financlera Agropecuaria
(COFIAGRO). About 80 percent of COFIAGRO's portfolio 1o
in enterprises engaged in the export of beef, but 1t also
lends to ranchers for fattening operations at one-year
terms and at an effective interest rate of 16.28 percent.

The government has recently taken two new measures
intended to regulate the domestic and export markets., Hegine

ning July 1972/

beef has becen banned two days a week [rom
restaurants, hotels and similar public outlets. lNeginning

2
January 19735/ a quota system regulates exports to avold

1/

="Jaime Sotomayor, "Veda de Carne Dos Dias a 1la
Semana," El1 Espectador, (Bogota), June 30, 1972, p. 1.

g/"El Gobierno 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 increane 'n
beef and processed meat exports,

Domentic marketlng of beefl 18 alaso belng 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 consldered 1in this
study and known as the Costa, are part of the Atlantic or
Caribbean plalin which 1s one of the five geographic reglons
into which Colombia 1s divided.l/ The capltals are
Barranquilla, Cartagena, Valledupar, Monteria, Sfanta Marta
and Sincelejo, respectively. In 1964 these six states had
a population of about three million within an area of 112,055
square kilometers; these figures were 18 and 10 percent of
the total Colombian population and area, respectively [17].

The Atlantic plain is located between the Caribbean
sea and thc base of the Andean range in the northern part of
Colombia. Tt 1s charac’-rlzed 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 above the

valleys floors and in the surrounding mountains. With the

l/Tho other four are: Andean region, Pacific Coast,
Orinoco region and Amazon region. Geographically the depart-
ment or Cuajira and the Antioquian region of Urabi are included
in the Atlantlce plain, but for all practical purposes this
study will refer to the slx departments listed.

b1



b2

exception of the Slerra Nevada de Santa Marta in the north-
east, the altitude varies between 0 and 500 meters.

The most important rivers are the Sinli in the west,
and the Magdelena with 1ts three majJor tributaries, the
San Jorge, the Cauéa and the Cesar. The Magdalena, Cauca,
San Jorge and Sindl rivers are navigable and serve as impor-
tant means of transport.

The reglon has a relatively good network of roads
which connect the main urban centers, but access roads to
the agricultural areas are few and lnadequate, especilally
during the ralny season.

The railroad connects the port of Santa Marta with
Bogot4i, Medellin and Cali. Air transportation is available
both for passengers and cargo from the alrports in the capitals
and from air strips throughout the area. The sea ports of
Barranquilla, Cartangena and Santa Marta have modern fac-
ilities and serve a substantial part of the Colombilan

export-import trade.

The Population

The Costa population has four majJor attributes, most
of them characterilstic of other regions in Colombia. First,
the total population in the Costa has been increasing at an
increasing rate. The annual average rate of population
growth 1s estimated to be 3.23 percent.l/ If 1t continues
at this rate, the population 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 square kilometer) and Cesar the lewest
(11 inhabitants per square kilometer). In 1964, about 61
percent of the population was urban, and approximately one-
half of this was concentrated in the clties of Monteria,
Cartagena, Barranquilla, and Santa Marta.

Third, throughout the region the population has been
shifting fairly constantly since 1938. These movements
can be classified as: (1) permanent migration from rural
areas to major towns of the region (population growth in
the four major cities mentioned earlier is estimated to be
near 5.0 percent annually); (2) migration from urban and
rural areas to the neighboring labor-short Venezuela; (3)
seasonal in- and out-migration of the rural labor force to
accommodate the demand for harvest labor, especially for
cotton, in the region and in the rest of the country; (4)
migration from the rest of the country and from the region
toward the new rural frontier areas along the Valle del
Cesar, the Magdalena, and the low Cauca; and (5) out-migration
toward other reglons, especially the more developed urban-
industrial departments.

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

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

tion of economically active population engaged in agriculture,
forestry, hunting and fishing ranges from 60 percent in the
departments of Cordoba, Bolivar, Sucre, Cesar and Magdalena

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

‘Although the 1964 census lists no figures on income
per capita, income 1s probably higher in the urban than in
the rural areas, and higher in the department of Atlantico
thén in the more agricultural departments. (These estimates
are based on information collected by the Departamento
Administrativo Nacional de Estadistica [DANE].) 1In 1970,
DANEl/ examined the family income of urban and rural workers
in the Atlantic region, in four other Colombian regions,
and the city of Bogota. For the Atlantic region, DANE
estimates that 63 percent of the employed urban population
and 84 percent of the employed rural population had a
monthly income of 1,000 pesosg/ or less,

The 1970 DANE sample estimated over unemployment
in the Atlantic region to be 10.96 and 7.73 percent of the
economically active population for the urban and rural areas,
respectively. But unemployment 1s more serious than these
figures suggest. The number of people suffering from shortage

of work is probably larger than the observed numbers actively

l/DANE,'Encuesta de Hogares 1970, Bogotf, June (1971),

Pp. 1-59.

' g/0ne U. S. dollar equals approximately Ps 20.
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seeking work or longer hours, because the unemployed or
underemployed not openly seeking work might do so 1f un-

employment decreased.

Ecologlical Zones

B

The Atlantic region can be divided into four distinct
ecologlical zones characterized by the climate and natural
vegetation: (1) the troplcal dry-humld savannah in the
littgral, east from the Sinu river outlet; (2) the tropical
humid savannah. in the center; (3) the tropical dry-humid
fprest”south of the humid savannah; and (4) the tropical
humid forest in the extreme south (Figure I.2).l/ In turn,
each zone can be divided into two speclal natural reglons--
the floodAﬁlains and the uplands--distinguished by thelr
soils and the crops cultivated. These ecological zones are
identifiable and reasonably distinect, although the boundariles
between them are arbitrary. The three geographical features
that determine the agricultural activitles in these zones

are climate, soll moisture and soll types.

*Qiimate and Natural Vegetation

‘“ Rainfall and temperature are the two most important
‘climatic features. The region alternates between two
céntrasting rainfall patterns: a low rain or dry perlod

from December through March, and a high rainfall period

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

In the dry-humid savannah of the north, total annual
rainfall averages less than 900 mm. The humid savannah
receives between 1000 and 2000 mm. annually, the dry-humid
forest about 2000 mm., and the humid forest in the south
over 2000 mm. An equally important feature is the seasonal
distribution of rain. The littoral receilves hardly any
precipitation in the dry season, wherceas the otuer zones
receive a fairly substantial amount throughout the year
(an average of 23 mm. per month during the dry season).

The annual average temperature 1s about 27°C. Through-
out_the rainy season, the humidity is over 80 percent. Dur-
ing the dry period, winds flow from the sea causing the
tempefature and humidity to drop slightly, but this effect
decreases with increasing distance from the littoral.

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

associated with increasing abundance of precipitation.
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In general, the four ecological zones provide a
good habitat for grazihg animals and cfoﬁs. Thé dry-humid
savannah in the north is more suitable for grazing, although
annual crops are grown during the rainy season. Irriga-
tion is required because of the dry periods and.to allow for
double cropping. The pumid savannah, the largest and most
important agricultural zone, produces most of the region's
cotton. During the rainy season, cropping 1is 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 1s considered too wet for
annual crops other than rice. In the northeast banana belt,
which is in the same climatic zone, the land is used mainly
for grazing. The humid forest has the same land uses as

the dry-humid zone.

Soils

Semi-detaliled so0il studies of the Costa region have
been made by the Instituto Geografico Agustin Codazzi (IGAC)
(38], the Instituto de Fomento Algodonero (Cotton Development
Institute) (36, 37], and the Mission for the Study of the
Magdalena Valley [13]. These studies also contain informa-
tion which correlates soil types and phases with potential use.

Soils in the region can be divided into four general
groups according to their origin: alluvial or flood plains,

quaternary, tertiary and mountain (see Figures I.3 and I.4),.
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Topography, fertility and use are closely related.to-these
soll groups. Alluvial soils are characterized by slopes of
0 to 3 percent; soil textures vary from light to medium and
heavy, with deep topsoil and drainage varying from well-
drained to imperfectly and poorly drained. Often these
lands have a high nutrient content with the exception of
soluble nitrogen, which is low. Soil pH ranges between

6.3 to 7.3; it 1s lower in the poorly drained soils and
higher in soils with some degree of salinity.

Quarternary soils or terruaces are old alluvial
deposits characterized by slopes of 0 to 3 percent, and a
hard or clay pan at varying depths. Soil textures are
light and drainage 1s imperfect. Soil pH ranges between
5.0 and 6.0 and the nutrient content is low.

Tertiary soils have undulating slopes ranging widely
from moderately steep to steep (7 percent to 50 percent).
Soil textures vary from light to heavy, and most soils are
susceptible to erosion. Soil pH ranges between 5.5 to
less than 6.0, and the nutrient content 1is low.

The mountain soils in the region are charactérized
by steep to very steep slopes. Because of the excessive
relief, most of them are erodible. They are formed chiefly
froh igneous and metamorphic rocks. Though the high nutrient
content of some of these 3o0ils would ordinarily make them
suitable for coffee and other permanent crops, because of

their erodability their best recommended use is in forest.
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Based on studies by the IGAC (38], the Magdalena
Mission [12], and the Cotton Development Institute [36, 37],
an inventory of the soil resource base by department was
made (Table I.2). This inventory includes the acreage of
total land, soil classification according to origin, and
land use. Table 1.2 also shows the region's natural endow-

ment for raising cattle.

The Agricultural Economy

The Costa economy is basically agricultural, with
cattle the predominant activity, whereas manufacturing 1s
low and concentrated in the cities of Barranquilla and
Cartagena. Agriculture employs 50 percent of the economically
active population.

The Costa agriculture is characterized by the same
problems that affect agriculture in all of Colombia: (1)
slow rate of growth; (2) low.productivity and high cost
per unit of production; and (3) unequal distribution of
wealth.

Private ownership i1s the predominant characteristic
of land tenure in the region. A 1964 survey showed that
60 percent of farms were privately owned and included
seven-eights of the agricultural land [12]. Other striking
features of the Costa's land tenure are the high degree of
concentration and absenteeism. As Table 1.3 shows,
approximately two-thirds of the farms are less than ten

hectares, while about 1 percent of the farms are over



TABLE I.2. Costa-Land Classes and ‘Recommended Use by Departments. ('000 has.)

Region and Rolivar Magdalena Recommended *
Use and and Land

Land Cleass Atlantico Sucre Cordoba Cesar Total Use
1-Yell drained 21.60 90.60 38.50 183.70 334,40 Crops and
2-Monflooded imper- cattle

fectly drainecd 59.CC 20.00 3.30 116.60 198.90 (533.30)
3-Pericdically flooded

& poorly drailned:

a-Yater logging 103.14 155.63 66.20 324.97 Cattle, crops

occasionally

t-Cne-morth floodings 5.€b 141.82 37.80 22€.09 411.35

c-Four-ronth flcodings 7.€3 317.84 82.48 154,32 562.27 Cattle

d-llore tr -~ four- (2,813.00)

rerth floodirgs 20.00 1,452.90 133.30 86.88 1,693,08
L-Salire 17.2C 52.30 15.20 €1.60 146.30
G

Total Land 131.4G7 2,178.¢¢0 Lee, 21 895.3¢ 3,671.27 K%
S-Lakes 25.00 47.10 25.20 129.82 227.12

Tctal Area 156.07 2,225.70 491.41 1,C25.21 3,£98.39
6-Cuaternary trrraces .50 £5.90 218.10 381.40 €€=.q90 Cattle, cash crops
7-Tertlary so’ls occaslonally, food

a-Slope < 25% 22.00 315.20 422,40 3¢6.90 1,15€.50 creps (1,822.40)

t~-Slope > 25% R2.0C 573.00 310.00 7€1.00 1,6Q€.,00
8-Sandy scils and Cattle

dures: (2,042.6€)

% < slcre < 25% 33.3¢ 213,30 3LE.E5

Total Land 107.%F a5l .10 9eC.c50 1,852.6n 3,RA5.06
O-Eroded and

lountain Soils £2.1¢C 511.70 1,075.€0 1,731.70 T,k41.10 Forest

Grand Total 22f€.0% 3,691.50 2,517.51 4,6€0.51 11,204 .55

l

Adapted from [13, 36,

Lt

-1

E]

221, ard versonal informatior from the Geograrhic Tnctitute (IGAC).
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TABLE I.3.
1960

Costa--Distribution of Farms According to Size,

Area Occupied by Farms

Size Categorles Has. Average
(has.) No. Percent| (000) [Percent (Has.)
Less than 10 120,793 67.5 21 3.4 2.0
From 10 to 100 43,741 24 . b 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 }1,242.8
TOTAL 179,115 100.0 7,008 100.0 39.1
Source: CIDA [12, p. 72]

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

According to DANE~

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.

Although crops have been increasing in importance,

land use 1is dominated by pasture.

While 1n 1959 crops

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

in farms, pasture accounted for approximately two-fifths of

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

15].

Artificial grasses are a low proportion of total

l-/DANE, Censo Agropecuario 196(¢, Resumen Nacional,

Bogoti, February (1960), p. 21.
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grasslands; 20 percent according to DANE [18], an& USAper-
cent according to FAO [66].

Cotton 1s the most important commercial crop; in
1969 the region had 137,000 hectares in cotton and produced
62 percent of the total Colombian production [7]. Sesame
and rice are also important crops, accounting for 59 percent
and 23 percent, respectively, of the total Colombian pro-
duction in 1969 [7]. Sorghum has become increasingly impor-
tant, particularly as a double crop with cotton; at the same
‘tiée, the land devoted to raising bananas for export has de-
clined from 20,000 hectares in the mid-sixties to approximately
5,000 hectares in the seventies. Sugarcane, tobacco, and
coffee are also grown but to a lesser extent.

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

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

as has been demonstrated in properly managed commercial and
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experimental farms. In the former, ylelds of cotton-seed,
birfigated rice and sorghum have been doubled and that of

corn tripled, while experimental ylelds for- corn and ‘irrigated
rice have been 6 and 2.5 times as high, respecfively [Ml].l/

Low yieids have been attributed to: (1) a large
proportion of small holders producing under traditional
methods;g/ (2) a lack of adaptive research and extension;

(3) inadequate distribution and high cost of modern inputs;
and (4) a lack of price incentives.

Soll conservation practices are ignored and the con-
tinual tillage of steep, erodible slopes with clean-cultivated
crops 1s accelerating soll depletion.

As poilnted out, cattle railsing 1s the most important
economic activity in the Costa where the same general charac-
teristics and problems affecting the Colombian Eattle industry
also apply. The major production problems in the région can
be summarized as follows:

(1) Management and economics

(a) Lack of farm accounting and record

keeping to establish cost relatlonships
and operational efficilency

co l-/Aver'age ylelds (M.Ts/Ha) in the Costa for the
period 1965-1969 have been: cotton-seed 1.4, corn 1.11,
irrigated rice 2.3, sesame .66, and sorghum 1.8 [7]. .

2/1n 1960 according to DANE [15], 98 percent of
sesame, 83 percent of cotton, 95 percent of rice, and 96
percent of corn were produced in plots less than 10 hectares.
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(b) Lack of basic knowledge on returns to

the different factors of production

, needed for an efficient allocatlon of
resources and for considerlng organiza-
tion alternatives

(¢) 1Inefficient markets for both products
and lnputs, 1ncludlng capltal

(2) Human
(;)‘ Low level of education
(%)' Lack of skills and training
(?)5 Poor health
(3) 'iedhnological
(a) Inadequate solls and range management

(b) Inadequate breeding, pest and dlsease
control practlces

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

(b) Downgraded quality of rural life

Cattle Production |
Although there are not rellable time series estimates.
(6f‘the'cattie population in Colombla, it seems that the
Costa supports between 40 and 50 percent of the total
Colombian cattle population. Table I.l shows the age and
sex distribution of cattle in the Costa and the rest of
Colombia according to the 1968 sample survey [18], but care
should be taken when considering these filgures. Thils 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. ('000 heaﬁf'

Less than 2 years .

Two and more Years

-Region Males - Females Males FPemales: TOTAL
Costa:
Atlantico 34.95 52.86 14.90 133.18 235.€E<
Bolivar and Sucre 481.81 487.12 172.40 1,167.15 2,308.L8
Cordoba 381.76 349.50 418.82 1,059.27 2,209,323
Magdalena and Cesar Lok, 46 b71.27 394.50 | 1,018.06 2,348.:2:2
TOTAL COSTA 1,362.98 | 1,360.75 1,000.62 | 3,377.66 7,102.°:
Non-Costa 1,965.77 2,438.40 1,634.84 4,559.16 10,598.17
TOTAL 3,328.75 3,799.15 2,635.46 7,936.82 17,700.1%
Source: DANE [18, p. 1]
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The Costa 1s speclalized in beef production from

‘hérds formed predominately by the cross-breeding of Cebu

13 .
[50) !

cattié wlth the native cattle. Within this type of cattle

oﬁeration there are three productive phases which are per-

formed separately as specialized activities or in conjunc-

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

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

1 to 4 years of age; and (c) fattening--males, 3 to 6 years
bf aée and females discarded from the breeding herds.

a The dual production of beef and milk has been a
,pbﬁmon practice among small and medium sized cow herds. The
‘1971 CIAT survey [9] showed that 62 percent of the cattle
farms have breeding and milk production as their main eco-
ﬂomib activities. In 1968 DANE [18] reported one-third of
?he cows (females over 2 years) were milked, but thils pro-
portion seems to have been increasing with improved access
to markets and increased demand. Yet yield of milk per
éba'ié low, rangling between 3.06 liters daily during the
ralny season and 2.54 1iters during the dry season, with
lactating periods varying from 90 to 250 days a year depend-
ing on the quality of management. Despite low yilelds, mllk
prodpcpion is an important source of income for ranchers
ééﬁafa‘contribution to improved nutrition in the region.

As Table I.5 shows, the Costa is a major surplus
area, and the major deficlt area is Western Colombla. The
Eastern Plains (excluding Meta) and the South, not shown

in‘this table, are minor surplus areas. Yet, comparing -
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and Deflett

Relatlonshlpe

In Reel

Domestic

Production Consumption

Difference
Between
Production

Region Year (Tons)*#* (Tons) and Consumption
1969 198,082 62,231 +135,851
Atlantic 1970 213,609 64,720 +148,949
Plain& 1971 240,325 67,309 +173,01€
1972 260,080 70,001 +19¢,079
1969 88,525 183,533 - 95,008
Western b/ 1970 96,423 189,224 - 92,801
Colombia— 1971 105,763 195,092 - 89,329
1972 115,360 201,141 - 85,781
1969 74,574 125,955 - 51,381
Central e/ 1970 79,666 130,490 - 59,824
Colombia— 1971 86,036 135,187 - U49,151
1972 92,380 140,054 - U7,67u
1969 66,669 60,680 + 5,989
North Eastern 1970 71,178 62,136 + 9,Ch2
Colombiad/ 1971 76,829 63,628 + 13,201
1972 82,443 65,155 + 17,288

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

b/ Includes Valle, Cauca,

Antioquia, and Caldas.

¢/ Includes Cundinamarca,

d/ Includes Boyaca, Norte

®Pigures are in metric tons.

Source: Adapted from Max F. Bowser.

Risaralda, Quindio, Narino,

Tolima, Huila, Bogota, Meta.

de Santander, Santander.

Prerecuisitos y

Poencial para la Exportacion de Carne en Colorbia

en _la Decada de 1970.

(Bogota, Moverber, 1969), 704-708.

Agricultura Tropical, XXV
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regional estimates of beef produétidn“and consumption to
identify surplus-deficit areas does not provide an adequate
measure of total cattle produced by regions and interregional
movements in terms of number of animals, since much of this
movement involves feeders. It has been estimated that the
Costa provides approximately two-thirds of the cattle that
move in interregional trade [61].

The surplus cattle movements from the Costa 1lnclude
finished, stocker and feeder animals which move south malnly
through the markets of Medellin and Bucaramanga. Iin some
instances the cattle move southward to the central and upper
Magdalena Valley region by means of the Magdalena River and
the raillroads. Cattle for export 1s handled through the
Caribbean ports of Covefias, Barranquilla, Cartagena and ‘anta
Marta. Cattle are moved to Venezuela as well, but estimates
of this flow are not available.

The results from the 1960 census provide a detailled
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 distribution.

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

than 500 hectares each. Conversely, the smaller farms make .
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TABLE I.6. Costa--Cattle Distribution According to Size
Yoo :,n;z‘,ﬂ,i ,Of Ranch, 1960 '

Units Cattle in Farms
Size Categoriles Head Average
' (has.) No. Percent (000) Percent (head)
Less than 10 11,382 25,0 99.8 3.0 9
From 10 to 100 22,478 49,0 681.0 22.0 30

From 100 to 500 | 9,598 | 21.0 | 1,053.7 | 3%.0 | 110
“Over 500 2,195 5.0 | 1,256.2 | 41.0 | 572

TOTAL 45,653 100.0 3,090.7 100.0 68

Source: Adapted from DANE [15].

up a high percentage of farms having cattle but control a

small percentage of total cattle inventoriles; three-fourths
of the farms were less than 100 hectares and controlled one-
fourth of the cattle with an average inventory of less than

50 head of cattle.

Agricultural Services
Although the agricultural. service structure of the
: Costa appears to be rather complete from the standpoint of
- physical facilities, 1t seems in many instances they are not
performing efficiently considering the needs of the region.
Research is undertaken by the Instituto Colomblano
‘Agropecuario (ICA) in three experiment stations and eight

.centers. for, the. study and diagnosis of cattle diseases. 1In
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addition to ICA, the Land Reform Institute (INCORA) maintains
experimental farms in some of its irrigation projects. Be-
ginning in 1969, the Centro Internacional de Agricultura
Tropical (CIAT) started a training and research program in
animal sanitatlon and farm management.

Extension activities are mainly undertaken by ICA,
but technical assistance, usually in conjunction with super-
vised credit, is also provided through INCORA and the bank-
ing system. Extenslion-type services are also provided by
the national federatlons of cotton, rice, cereals, and cattle
growers, and by various flrms selling plant protection products,
herbicides and fertilizers.

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

Although agricultural credit programs are available
within a wide range of interest rates and terms, the general
consensus 1is that such credit i1s in short supply and is un-
evenly distributed. The CIAT survey showed an excess demand
for credit (for buying stock) at the prevailing rates of

interest.
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Modern 1nputs are marketed through various channels:
'privaﬁé supply storés; the INCORA cooperatlves, grower:
federations, and the Caja Agraria. But despite this diversity
of outlets, the region suffers from distribution problems:
shortages and unavailability are common in the more isolated
areas. Since production and distribution do not perform
efficiently, prices are too high and incentives for increased
use are lacking. e

With the exception of cotton and bananas for export,
for which there are very well ofgéniZed“mérketfng'channels,
the marketing of farm products perfofms poorly. This 1is
characterized by an excess of middlemen, a shortage of
medium~ and long-term credit, lack of storage facilitiles,
and inadequate means of transportation. The Institute for
Crop and Livestock Marketing (IDEMa) is taking an actlve role
in improving the marketing performance through minimum support
prices and by providing storage facilities and credit. INCORA
has also been contributing to the coordination of the market

through establishment of farmers' cooperatives.

Cattle Marketing

Farmers sell most of their cattle to coqptfyxdealers,
or ship directly to "ferias" or stockyards located.ﬁith%p the
region and as far as Medellin. The CIAT survey showgq?that
five-sixths of the producers sell their cattle to Qhé{country

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

then transported to local slaughterhouses and ferias or
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.shipped .to more distant markets. These dealers also act as
;ihpermedigpiqsgon feeder cattle transactions.

‘ Cattle are usually purchased on the basis of esti-
mated. live weight or by the head. Dellvery and transprrta-
tion arrangements are agreed upon. 1n almost all cases
‘buyers furnish transportation and assume all costs and risks
involved in 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
&he,f;§ish;ng‘period.

g \Most of the cattle in the region are moved by truck,
but cattle still move long distances on foot. Some of. this
movement involves the transfer of feeder cattle from breeding
areas to fattening areas. Fatrcattle,and‘feeder animals also
must be moved on foot to highway, rall, or river spipp}ng
points.,

Severe welght 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
mafket.

| Live -animal prices are affected by both seasonal
and long-term cycles. The long-term cycles have averaged
about seven years in length. Although the origin of the
long~term cycles has not yet been clearly understood, priqgé;
biologlcal timetgble of cattle reproduction and nutritioﬁ z;‘

equilibrium.seem‘tq be some. of the underl&ing'céusal'forceéf;
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- Seasonal price fluctuatlons 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'rainy season when pastures are

abundant.

o Estimatates of the marketing margins for beef vary.

A recent estimate made by Sarmiento [63] 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 deficilenciles deseribed in Chapter 2.

Most slaughter facilities are small rural community or village
operations, but modern slaﬁghterhouses are in operation in
Barranquilla, Cartagena, Santa Marta and La Gloria--a Magdalena

river port 300 kllometers south of Santa Marta. These plants

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



CHAPTER 4
GENERAL SPECIFICATIONS AND PROCEDURE

@Given the variety of land classes, climatic zones
and types of cattle operatlions that exist within the region,
and considering the multiplicity of changing variables that
make up its social and economic environment, some simplify-
ing assumptions and/or restrictions are needed to confine the

study to workable proportions.

Area of Study

The study wiil be cbnfined to the Departments of
Cordoba, Bolivar, Atlantico, $ucre, Cesar and Magdalena
which carry the largést cattle population in the Atlantic
plain. The érea has a vast potential for successful beef
production, easy access to domestic and foreign markets,
and expanding facllities for modern slaughter and meat

processing.

Farming Sectors

Although thefe are four distinctly separated ecological
zones in the Costa (see Chapter 3), the model is broadly dis-
aggregated into two farming sectors, three agricultural
reglons and two subregions of competing farming activities
based on land use capability (disregarding climatic conditions).

Flgure I.5 1s a hypothetical cross section of these sectors.
67
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FIGURE I.5. Agricultural regions of Northern Colombia.
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Secthxl or lowland 1s the flap\land‘area in the
vé;ley floor formed by recent alluvial deposits. Of the
two agricultural reglions ldentified in this sector, region 1
includes lands which are permanently flooded or are subject
to seasonal floodings and are used only for grazing. Reglon
2 1s the flood~free area where cash and food crops compete
wlth cattle for land and capltal. Region 2 can expand into
region 1 as the latter is drained and becomes available for
cropping but cannot expand beyond the natural limit of lowlands.

Sector 2, or upland, is the nearly flat to rolling
land above the valley floor. It 1s formed of quarternary
tefféces'ahd tertiary soils with slopes of 1 percent and over.
This sector comprises agricultural region 3 and subreglons 1
and 2 where farming 1s mlxed, and includes cash and food crops
and cattle production. Subreglons 1 and 2 are roughly deter-
hined by topographic condltions; subregion 1 1s sultable for
mébhanized cropping and 1s the area where cash and food crops
- compete with cattle for land and capital. Subregion 2 1is
characterized by a more rough and complex topography and 1s
' sultable for food crops and grasses which also compete for
land and capital. Region 3 cannot expand béyond the natural
limit of uplands, but in subreglion 1, land in cash crops can
cohtract and expand within its natural limit.

These farming reglons are not entirely internally
hohogéﬁedué‘with respect to climate and cropping poféntials,
They occur within the four ecological zonegibﬁﬁ‘comQrbmises

were made to delineate these regions as homogeneous areas.



70

The primary reasons for this are twofold. First, despite
‘814imate variations, the patterh of farming 1s very similar -
1h alllecological zones, éﬁd‘behéviéral”bhdfaé€ériSQfés of
‘farmers who control land use and modérnization décisions are
éssdmed to be 1dentical throughout the fquf éoﬁes:‘ Sébondly,
ét the present state of aggregation of the ﬁddei we are not
interested in performing a separate accountingbfor 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 1is 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

\ qo@el. When the new alternatives of production are introduced,
the cattle populatlon of the Costa 1s disaggregated into two
.populations, one traditional and one using modern techniques
.(see Figure I.6). The "traditional" cattle population 1is

. .assumed to subsist on the flood-free (lowland and upland)
_areas during the gainy season. During the dry seéson, crop
;esidues and additional grazing land which becomes avallable
‘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-
}gp@sxin search of water and forage as the dry season advances

1/

2and food becomes scarce.=

1/Personal information.
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Animals in the "modern" sector are assumed to be
'Siﬁuated on the flood-free pasture lands where adequate
nutrition is avallable from properly managed grassland and
supplemental feed obtained from land devoted specifically
to forage production. The level of husbandry is also assumed
Tto be upgraded: disegses and parasites are controlled and

improved breeding techniques are used.

Modern Alternatives

In consldering 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 easlly transferable glven the resources at hand and the
bébavioral characteristics of ranchers in the Costa. Thus
the alternatives considered are focused on investments in
relatively simple improvements that will advance management
anh increase output. Outlays are ;penf on the most elementary
of inputs: fences and stock water supply to permit the
beginnings of managerlal control; yards and corrals to offer
the beginnings of hea .th vrotectlion measures; seeds and
fertilizers to begin -~ iucrease fodder production.

Since a major problem for cattle in the region is a
lack of adequate dry season nutrition resulting in substantial
welght losses, lower calving rates, higher death rates, and

'délayed" maturation, the alternatives emphasize methods

of 1ncreasing pasture production and growing and storing

forage. These not only improve nutrition but also step up
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the average carrying capacity, allowing either for a larger
or g;cppstént.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 speciles
" 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 nuirition.
(2) The same ranching practices as in Alternative 1
with artificial pastures substituting for
natural pastures.

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

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

At the present stage of development of the model, the
‘ﬁodern alternatives are not competing among each other for
iaﬁd'and capital; they are evaluated in separate computer

runs, each one at a time.

Static Restrictions

Handling all the variables in unrestricted dynamics
requires a team effort which 1s beyond the scobe 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 inqome 1s assumed fixed; the reglonal population
is assumed constant, and the institutional set-up of the

economy 3s assumed fixed. The implication of these assumptionsA
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for the outcome of the study will be diécussed in the last
thapter.

Another restriction imposed on this study is that:its
primary focus 1s on the beef production process With only
Igéﬂéfélyéonsidérétibns of the related crop‘suﬁéector,land
;uQiméﬁtafy considerations of the marketing element of the

‘beef subsector.

Procedure

To accomplish the objectives of this study, a multi-
component but non-maximizing model of a micro-macroeconomic
nature has been developed. The computer simulation model 1is
composed of five baslc components or building blocks (see
Figbre I.7) which are closely interrelated as the outputs
- from one block serve as inputs of others. Information-
feedback mechanisms bulild into the system add to the dynamlec
interaction of varilables within and among the various components.

The first, the land allocation and modernization
declslions component allocates land between crops and cattle
in the reglons of competing farming activities. Land use in
‘fobd crops in all reglons 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
‘énﬁ cash crops enterprises. Cattle modernization decisions
’a;ejbased on percelved relative profitabllities and the availa-
bility of cfedit, investment capital, and information either
‘from farmer-to-farmer in a diffusion process or from exten-

'slon ‘agents as part of modernization promotion efforts. Then,
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, expdnnlon of total cultivated Tand and/or of wmodern et Lo
voﬁeraflons'may'occur'as a result ¢ffﬁhese economlc decisions.

| YTﬁe(second princibal component takes the allocation of
land from the land allocation cémponent and, given prices,
costs and ylelds, computes agricultural production and farm
income. .The principal elemept of this component is the
cattle demography which is computed endogenously for thé -
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
declsion makers, the streamé of future revenues and costs
(Equations 5.35) used iﬁ the profitability calculations should
reflect the farmers' expectations. Thus, the producer prices
used here are five-year exponential averages of recent prilces.
‘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, subsidles and export policies are set.
Finally, in the criteria and general accounting component,
several alternative criterla functions which might influence

a policy maker's choice of development programs are calculated
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at both interim and final stages of the simulation experi-
ment. Farm incomes derived from meat, milk, and crops are
computed, as are capital investment and operating costs
incurred through implementing various modernization policles.
Thus, several relative benefit/cost relationships for
experimental modernization policies are summarized by computed
perfoimance functions which include discounted net income
from cattle, cattle and crop lncomes, forelgn exchange balances,
beef output, and government revenues. The ability of the
industry to meet the increase in demand for beef 1s determined
by computing the domestic consumptlion when projected exports
are achieved. _

Each of these five buillding blocks of the Costa cattle
model will be described in some detall 1n Ch;pters 5 through 9.






'PART' II

MODEL DESCRIPTION

Introduction

"~ The computer simulation model of the cattle economy
of nofthern Colombia 1s composed of the five basic components
or‘building blocks summarized in Chapter 4: the land alloca-
tion and modernization declsions component, the agricultural
production component, the price generatlion component, policy
entry points, and the criteria and general accounting com-
ponent. These building blocks, composed of interrelated
functional relationships and linkages between them (an out-
put from one eilther being an input to another or a perfor-
mance variable), are an attempt to represent the physical,
biologlcal, economic, social, political, and cultural re-
lationahips within and among the major segments of the Costa's
cattle economy.

Most of the equations describing these components
are applicable to all four modern alternatives considered..
But, in cases where there are structural differences aris-
ing fpom the underlying assumptions, specific formulations
arefshéwn and dlscussed. Moreover, the efficiency and
economy of the computer model is increased with the use of

subroutines written in the FORTRAN programming language.
78
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These subroutines permit nimulation of the behavior of
the various alternatives and their components over time
with one general model.

Each of the five building blocks of the Costa model
willl be deséribed in some detail in Chapters 5 through 9.
A copy of the computer program displaying all equations,
value of parameters and initial conditions used 1in these
components and their related subroutines is shown in the

_Appendix.



CHAPTER 5

LAND ALLOCATION AND MODERNIZATION DECISIONS--
CROPS/CATTLE (LAMDAC)

Component LAMDAC of the simulation model allocates
land to the production of cash crops, food crops and grasses
in each of the farming sectors and three agricultural regions
described in detail in Chapter 4 (see Iigure I.5). Briefly,
region 1 is subject to seasonal or permanent floodings and
is kept under traditional grazing practices; region 2 is
the flood-free area in the alluvial valleys, and region 3
is the area of quarternary terraces and tertlary soils
above.the valley floor. In making these allocations, LAMDAC
simulates farmers' cholces among the alternative uses for
their land based on economic and cultural factors. Modern-
izatlon of current cattle practices is an alternative as is

transferring land into the production of crops or cattle.

Land Uses

In general, the land uses in the agricultural regions
include grasses, annuals, perennials, and wood lots. Since
crops are of secondary concern in this study 1t 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 tﬁe region. Although this assumption has the advantage
80
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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 declisions. Cash crops in the lowlands are
defined as a welghted composite of the major commercial crops
grown in the Costa: sesame, cotton, corn, sorghum and rice.
Bananas for export are grown in the banana belt north of
Magdalena and are computed separately. Cash crops in the
uplands include the same group of crops as in the lowlands
wlth 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 U8 percent of sorghum are
‘grown in the lowlands.

Food crops in all regions are defined as a welghted
composite of the major staples grown and consumed in the
Costa: plantain and cassava.l/ Although corn 1s also an
important staple and 1t 1s grown mainly in small or subsis-~
tence plots, 1t was included here as a cash crop because of

government Interest in promoting its production with the aim

of generating an exportable surplus [57].

/
l-"I‘he welghts 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--.7h4; and sorghum--.021; (c) food crops:

plantain--.34; and cassava--.66. These welghts are derived

from hectares iIn production as reported in [7].


http:cassava--.66
http:plantain--.34
http:corn--.74
http:cotton--.18
http:sesame--.04
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Pasﬁﬁrés”éré definéd as a weighfedlcémposité of
.artificial and native grasses, each having a different yield
and nutritional value. Differences in pasture yield and
nutritional value also arise from the four range and herd

management improving alternatives considered in the model.

Availability of Agricultural Land

Farming area in each region has expanded into fhe
land in forest as the latter has been cleared due to price
incentives, population growth, etc. Without detailed informa-
tion on how these factors have influer.ced such expansion, as
an initial approximation the model exogenously computes in-
creases in the agricultural land base through time using
first order, delay equations. These equations simulate the
gradual addition of new land to the agricultural land base
until the latter reaches the maximum area potentially available
in each case [21, 52, 54]. A more elaborate computation would
make land expansion a function of endogenous decisions and
would likely make use of higher-order distributed delays
to simulate more realistically the time response of these

decisions.
DT
TLAVL(t) = TLAVL(t-DT) + ﬁEng*(TLAVLO - TLAVL(%t-DT)) (5.1a)

- , DT
TLAVUL1(t) TLAVU1{t-DT) + 5§ET3*(TLAVU01 -

TLAVU1(t-DT)) (5,1b5
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TLAVU2(t) = TLAVU2(t-DT) + BE%§7-(TLAvuoe -

TLAVU2(t-DT)) (5.1c)

TGLSF1(t) = TGLSF1(t-DT) + DEE? (TGLSFO -

TGLSF1(t-DT)) | (5.1d)

where:

TLAVL

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

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

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

TLAVUOl = agricultural land potentially available
at time zero in subregion 1 (has)

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

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

TGLSF1 = grazing land actually avallable in
region 1 (has)

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

DEL15,16,17,18

= lag parameters (years).

Additions to the cropping area in region 2 due to
the performance of flood control and dralnage projects
(RLDRN) are exogenously determined by Equation 5.2. Irriga-
tion and dralnage schemes are accompanied by land distribu-
tion and are undertaken and administered by the government

through TNCORA.
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Administrative and construction time lags“occur
in this process which cause the drained land to be immediately
unavallable for cultivation. These time lags are introduced
by means of the third order distribtuted delay of Fquation 5.9.
Changes in the rate at which land is drained (RLDRN) and in
the time required for the completion of a project (DEL11l)
will allow 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 DELA¥(RLDRN(t-DT), AUX10, CROUT11, 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)

RLDRN = unlaggecd rate at which flooded land is
drained (has/yr)

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

DELAY a2 45 a FORDYN subroutine which introduces
distributed delays with various properties

CROUT11 = an array »f 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
v Pood land is land on which either subsistence or

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

Food crop land is assumed to grow exponentially with

time and population growth as determined by the following

equations:
RLFC(t) = AL2#TLPCO®*EXP(AL2%t) ‘ (5.4)
TLFC(:) = TLPC(t-DT) + DT#RLFC(t-DT) (5.5)
vhere:
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)
TLRC = total land in food crops (has)
AL?2 = a model parameter (very nearly the
annual population growth rate)
EXP(AL2#t) = this i3 an exponential function defined
as equivalent to e%twhere a = AL2
DT = time increment of the model (years)

= time in years.
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Food land in the uplands 1s given by:

TLFCU(t) = C2U9#*TLFC(t) (5.6)
TLFCUl(t) = min(CFDliTLFCU(t), TLAVU1) (5.7)
TLPCU2(t) = min((1-CFD1)#*TLFCU(t), TLAVU2(t)) (5.8)
where: .

.TLFCU = total land in food crops in upland

sector (has)

TLFCU1 = total land in food crops in subregion 1
(has)

TLFCUZ2 = %ota% land in food crops in subregion 2
has

" TLAVU1 = agricultural land available in subregion 1
--Equation 5.1b (has)

TLAVUZ2 = agricultural land available in subregion 2
--Equation 5.1c (has)

CFD1 = a8 model parameter allocating food crops
to subregion 1
c249 = a model parameter allocating rood crops
. to the uplards (region 3)
minfa,b] = a function equal to the minimum of terms

within the brackets.

Food land in the lowlands 1is given by:

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

where:

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

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

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



87

Cash Crops

Cash crop land 1s land on which commercial crops are
actually in production. As for food crops, cash crops enter
the model at a constant relative proportion without compet-
ing for land among themselves. Exogenously promoted yield
increases are allowed also, but there is no disaggregation
between traditional and modern production.

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

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

the following equations:
ALNDL(t) = TLAVL(t) + TLDRN(t) - TLFCL(t) - TLBAN(t) (5.10)

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

TLCRLR(t) = TLCRL(t) + TLBAN(t) (5.12)
where:

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

TLBAN = total land in commercial banana (has)

TLCRL = total land in cash crops--excluding
commercial banana--in region 2 (has)
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- TLCRLR = total land in cash crops in”region'Z (has)
rate of change of land in cash crops

RLCRL
o (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 remain after 1970 at its present area of 5,000
hectares which is the hurricane-free, adequately iprigatgq
reglon within the banana be%@;

20,000. - 0<tx6
TLBAN(t) = {18,520; 8,950; 7,860 6 < \t”_<_:‘9'
5,000 . o St 210 (5.13)

Pasture and Cattle

Pasture land is lahd‘oﬁ which cattle’ are actually
iﬁn;;oduction. Thé afeé:iﬁ pasture is computed separately
fngeach région and' then aégregated to obtaln the total for
the Costa. In reglon 2 and in subregion 2 the assumption is
made that cattle are a less profltable activity than grow-
ing crops and no declsion mechanism 1is considered; therefore,
pastﬁre land 1s computed as a residual after subtracting
land in crops from the total available land in each region.
This simplification 1s based on the empirical evidenée that
in the more productive lowlands the profitability of cash

crops outwelghs that of cattle. Likewlse, in small farms

where food crops are grown 1n both reglon 2 and subregipn 2

cattle production is not consldered as a bréf&table alternative,

In regions 1 and 2 it is also assumed that once land 18 drained

i1t 1s placed into a more intensive use and subtracted from
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grazing. The allocation of land in subregion 1 1s based
on‘th; reiative 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) 1is computed

as:
TGLSF(t) = TGLSFI(f) - TLDRN(t) (5.14)
TGLL(t) = max(TLAVL(t) - TLFCL(t) - TLCRLR(t), 0) (5.15)
where:
TGLSF1l . = ag defined in Equation 5.1d
TGLSF = total pastuie land in region 1 (has)
./TGLL , = total grazing land in region 2, the

flood-free area (has)

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

The rate of change in grazing land in region 2,

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

RTGLL(t-DT) = TOLL(t) - TGLL(t-DT) (5.16)

pr
where:

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

Pasture land in subregion 2 of the upland 1s simply

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

where:
TGLU2 = totel grazing land in subregion 2 (has).
The rate of change in grazing land in subregion 2

is given by:

RTGLU2(t-DT) =

TGLU2(t) - TGLU2(t-DT)
D‘rf (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. Pirst, the model
allocates farming land to food crops as shown in Equations
5.4 through 5.7. The remaining area is then allocated to
the land in the rmos“ profitable of the two other cash earners
~-cash crop and pasture.

The following equations apply:

ALNDU1(t) = TLAVU1l(t) - TLPCUl(t) (5.19)
DLFCU1(t) = TLPCUl(t) - TLFCUl(t-D’I‘) (5.20)
where:

ALNDUl1l = allocatable land in subregion 1 (has)
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DLIPCUYI = change In food cropa land In asubrepton |
(has). :
Land shifts to the more profitable activity at a
rate that 1is proportional to:

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

2) the amount of land ~urrently allocated to the
less profitable activity, and

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

The rate of land transfer is given by:

RLCRU(t) - CLlux'rLu(t)c]- ggggg% - DRLAV(t)) (5.21)

where:

RLCRU

rate of change of cash crops land in
subregion 1 %has/yr)

DCRU discounted sum of returns over the planning
horizon for cash crops in subregion 1l--

Equation 5.34 (Ps/ha)

DRLAV discounted sum of returns over the planning
horizon for cattle production. This 1s an
average of traditional and mcdern production

--Equation 5.33 (Ps/ha)

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

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

|...] = the absolute value.
Positive rates of transfer mean shifts from pasture
and cattle grazing to cash crops; negative rates mean shifts

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

distributed delay:
CALL DELAY(AUX1(t-DT), AUX2, CROUTA4, DEL4, DT, K4) (5.22)

where:

AUX1 = unlagged rate of transfer of cash crop land
to grazing land: < 0 if DRLAV > DCRU

= 0 if DRLAV < DCRU (has/yr)
AUX2 = lagged rate of transfer of cash crop land
CROUTY4, DEL4, DT, K4
= elements of the DELAY subroutine defined
earlier (p. 84).

‘Additions to food land in subregion 1 can come either
from land in the least profitable of the remaining activities
or from both cash crop and grazing land in specifled propor-
fions."Land also could be allocated to food from grazing
land even if the latier is more profitable than cash crops.

Such allocation 1s performed in tge model by means
of the variable AUX4 and the paremeter CL2. If cash crops
afé-more profitable than cattle, the rate of change of land

1n casnh crops 1ux positive (RLCRU > 0) and all the incroeanc

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 1is ncpative (RLCRU < 0)
and the increase in food land comes from land in cash crops
and/or land in grasses depending on the value of the model
rarameter CL2(0 < CL2 < 1):
If CL2 = 0 all new land in food crops comes from
land in grasses, modern and traditional
If CL2 = 1 all new land in food crops comes from
land in cash crops.
The variable AUX4 is then computed as:

CL2#DLFCU1(t), DRLAV > DCRU (5.23a)
AUXU(t) =

0 , DRLAV < DCRU (5.23b)
vhere:

AUXY4 = transfer of land from cash crops to food
(has)

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

Given the above allocation mechanism, total land in

cash crops in subregion 1 1is:
TLCRU(t) = max[min(TLCRU(t-DT) - AUX4(t) + DT#(AUX2(t-DT)
+ AUX3{t-DT), ALNDU1(t))), 0] (5.24)

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

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

= 0 1f DRLAV > DCRU (has/yr).



9l

Equapion‘5.2h essentially computes the;time integral
of the total rate of change of cash crop land limited to
preclude the possibility of negative land and expansion
beyond the allowable land limits (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:
TGLU1(t) = ALNDU1l(t) - TLCRU(t) (5.25)

where:
TGLUl = total grazing land in subreglon 1 (has).
The rate of change in grazing land in subregion 1

is given by:

RTGLUL(¢-Dr) = LGLUL(L) - TGLUL(t-DT) (5.26)

where:

RTGLUl = rate of change of total grazing land in
subregion 1 (has/yr).

The total grazing land in the Costa 1s simply the
sum of grazing land in each of the farming sectors and is

given by the following equations:
TGLU(t) = TGLU1(t) + TGLU2(t) ' (5.27)
TGL(t) = TGLL(t) + TGLU(t) (5.28)

TGLR(t) = TAL(t) + TGLSF(t)#*C9 © (5.29)
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where:

'PGLU = total grazing land in upland sector (region
: 3) (has)

TALU1

total grazing land in subregion 1 (has)

TGL = total (flood free) grazing land 1n regions
2 and 3 (has)

TGLR

total grazing land in the Costa region (has)

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

Grazing land in region 1 1s subject to perlods of
flooding that last from a few weeks to six months and longer,
Since we are inte 'ested in the permanent stocking capaclty
of grasslands, seasonally flooded grazing land is adjusted
in the model to a permanent grazing land equivalent. This
is done by the model parameter C9 of Equation 5.29 which is

a welghted composite of area and length of flooding.

Alternatives

In principle, every current land use 1s a concelvable
alternative to every other present use in the same farming
sector. In practice, however, certain assumptions can be
made which will reduce the multitude of alternatives and
will simplify the model. Since the model 1 focuned
primarily on cattle production, only alternatives concerned
with the introduction of technological changer in thias
activity will be considered in detall, The alternativesn
to traditional cattle production included in thin ntudy
are those described 1in Chapter U and connidered as feasible

in every agricultural region with the exception of region 1.
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Pasture land in this region remains under traditional
management throughout the simulatlon.

Implicit in the allocation of land 1n reglion 2 and
subregion 2 1s the assumption that both food and cash crops
are more profitable than cattle. Here, the allocation of
land to food production has priority in order to meet the
nutritional requirements and consumption preferences of the
population. The remaining land 15 then first allocated to
cash crops and finally to pasture. In subregion 1 a more
complex allocatlion mechanicm has been deccribed; land 1is
first allocated to food production and then to cash crops
and cattle based on their relative profitabilities.

Although the precsent structure of the model re-
stricts consideration of cattle production alternatives to
one each simulation, future expansion could include compe=-
tition among modern grazing alcvernatives. The model also
could be expanded to include competition among crops and a
more realistic, though more complex, decision-makirng mechanism
for the allocation of land between individual crops and pasture

in all regions,

Cattle Mod rnization Declialons

Land ute decistons between cattle and cash cusops have
been dinscusnsed above in Fquations 5.19 te 5.23. 1In thio
pection we are mainly concerned with the more complex decision
mechanism of cattle moderntzation, The rate nt which cattle

moderntizat fon takeg place dependn on the relative profitability
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of each alternative, on modernization promotion efforts,
on diffusion effects, on the availability of capital, and
on the behavioral characteristics of the farmers making

decisions. These considerations will be discussed in detail

below.

Profitabilities

Farmers' decisions among the alternative uses for
their land are based upon thelr perceptions of the rclative
profitabilities of the avallable alternatives. These
decisions have been .estricted to the allocation of land
between pasture and crops in subregion 1, and between
traditional and modern cattle in all reglons but region 1.
In the first case, the relative profitability 1s given 1in
Equation 5.21 above. The relatlive profitability of the
modern cattle production alternatives is given by:

DRLAM(t) - DRLAT(t)
[DRLAT(E) | (5.30)

PDR(t) =

where:

PDR = the relative profitabllity differential
(dimensionless)

DRLAM = discounted sum of returns over the planning
horizon for modern cattle production--
Equation 5.31 (Ps/ha)

DRLAT = discounted sum of returns over the planning
horizon for traditional cattle production--
Equation 5.32 (Ps/ha).
Land use profitabilities are defined as the present
value of the stream of net income farmers expect to receive

over some relevant planning horizon. The model computes
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the‘sum of the discounted pfesent value of returns to a
land use from the present to the planning horizon. This
discounted sum is the "profitabllity" of that land use. -
But while expected revenues and costs from modern cattie
vary over the planning horizon, those from traditional.
cattle and cash crops are assumed to remain consténfl

Equation 5.31 computes the profitability of moderp cattle:

(TRLAMi(t) - TCLAMi(t))

n
DRLAM(t) =" ] I (5.31)
i=1 (1 + DIR)
where:
DRLAM = 13 defined 1n Equation 5.30
TRLAM = total revenue from modern cattle--
Equation 5.35¢ (Ps/ha-yr)
TCLAM = total costs of modern cattle-~
Equation 5.35d (Ps/ha-yr)
DIR = the relevant discount rate (proportion/
year)
1 = Indexes the n years of the planning
horizon.
The profitability of traditional cattle is given by;
v 1
DRLAT(t) = (TRLAT(t) - TCLATL(t))# ] ——— (5.32)
i=1 (1 + DIR)
where:
DRLAT = as deflined 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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PTR = as deflined in EFEquattion v, %1

"4 = {pdexes the n years of the planning,
horizon.

The average profitability of all cattle used 1in

Eqpation 5.21 1s given by:

(DRLAT(t)®*TTGLR(t) + DRLAM(t)®(TLMOD(t) + TRSL(t))

DRLAV(t) = TGLR(T)
(5.33)
where:
DRLAV = averaged discounted sum of returns over the
planning horizon for cattle production
(Ps/ha)
TTGLR = total traditional grazing land in the Costa
region--Equation 5.51 (has)
LMOD = total grazing land in modern production--
Equation S5.48 (has)
PRSL = total land in transition from traditional to
modern cattle production--Equation 5.46
(has)
TGLR = total grazing land in the Costa region--

Equation 5.29 (has).
The profitability of cash crops in the uplands 1is

computed as:

n
DCRU(t) = (TRCRU(t) - TCCRUL(t))® | —i—u (5.34)
1=1 (1 .+ DIR)

where:
DCRU = discounted sum of returns over the planning
horizon for cash crops production in the

uplands (Ps/ha)

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

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

. -With the purpose of making all discounted present

.values comparable, the profitabllitles are computed using

a planning horizon common to all. In this case, this period
of time 1s 12 years, the planning horizon selected for modern
cattle. The discount rates used to compute the present value
of future returns are behavioral parameters in the model.
They reflect farmers' rates of time preference and the vary-
ing risks of each alternative. 1In general, the more risky
and unfamiliar the alternative, the higher the discbunt rate.

Since we are concerned with farmer decislon makers,

. the streams of future revenues and costs (Equations 5.35)

used in the profitabllity calculations should reflect
farmers' expectations. These expectations;are assumed to
be reflected in five-year exponential averages pf recent
producer prices. Prices of cattle are determined endogenously
(Equation 7.2) but prices of crops are determined exogenously
and projected into the future with the same trend as costs.
The form and computation of producer price averages and
trends are discussed in detall later in the description of
the price generating component (Chapter 7).

Similarly, the stream of crop ylelds 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. Additlons to expected

revenues are any cash and/or price subslidies which may be
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offered as part of a modernization program, and the pay-
ment of development credits.

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

Total revenue and total cost of traditional cattle

are computed as:

(EPAP(t)®*ESLSPT(t) + PRMT®EQMT(t))

TRLAT(t) = TTGLR(t)

+ AGSUBT(t) (5.35a)
TCLATL(t) = TCLATL(t-DT) + ﬁ%ﬂ('rcm'r(t-m)

‘= TLCLATL(t-DT)) (5.35b)

where:

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

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

PRMT = the price of milk (Ps/liter)

AGSUBT = gubsidies paid to traditioﬁal cattle
(Ps/ha-year)

TTGLR = as defined in Equation 5.33

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

DT = time increment of the model (years)

DEL19 = lag parameter (years).

The stream of revenues and costs over the planning
horizon for modern cattle production reflect different
expectations according to the alternative adopted. Chang-
ing expectations throughout the planning horizon are
simulated by a set of coefficient arrays (SINCR, TMINCR)
that increase output and co3ts over traditional cattle as
perceived by farmers. Values of these coefficients for
each of the four modern alternatives are shown in Table II.U
in Chapter 6. Total revenue and total cost over the planning

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

TRLAMi(t) "(SINCRiiEPAP(t)'ESLSPT(t) + EPAP(t)'BINCR1

®AUXL12(t) + TMINCR

1'PRHTCEQMT(t))/TTGLR(t)

+ ELOANi(t) + AGSUBM, (t) . (5.35¢)

o a P

l/For detailed computation of these variables see
gubroutine AGACC in the Appendix.
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TCLAMiétY = EOPCLMi(t) + EOCLNMi(t)ﬁ+ ETCECi(t) +

EDBSER, (t) -+ ‘ETXC; (t) "+ EVLDTX, (t)#ECADEM, (5.35d)

where:
‘*SINCR ' = expected increase in sales over the plannin
. izeniy.rn ~hordzon from the modern herd (dimensionless

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

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

.3'AUXL12 = finished male equivalent of cattle prices
(proportion)l/

-AGSUBM = subsidies pald to modern cattle producers

W (Ps/ha-year)

J#ELOAN := expected payments of development loans-~

o Equation 6.40g (Ps/ha-year)

.aﬁﬁPCLMA= expected operation costs of modern cattle

el ~--Equation 6.40a (Ps/ha-year)

“*EOCLNM = expected operation costs of modern grazing

land--Equation 6.40b (Ps/ha-year)

[
K

LT
‘ETCEC = expected total cash establlishment costs--
et Equation 6.40f (Ps/ha-year)

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

ETXC = expected taxes on modern cattle~~Equation
6.404 (Ps/ha-year)

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

ECADEM

n

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

l-/For' a detailed computation of thls variable see
subroutine DEMOG in the Appendix.

2/Ror a detailed computation of this ‘variable see

subroutine AGACC in the Appendilx,
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 Total revenue and total cost of.cash crops in the
uplands.are computed simply as:
TRCRU(t) = EPCRPU(t)*EYLDCU(t) - (5.35e)

TCCRUL(t) = TCCRUL(t-DT) + 15E%gzﬁ(TCCRU(t-DT)

»

- TCCRUL(t-DT)) (5.35£)
where:
TCCRU = total costs (unlagged) (Ps/ha—year)l/
EYLDCU = expected yield--Equation 6.1 (Tons/ha-year)
EPCRPU = expected producer price--Equation 7.5b

(Ps/Ton)

DEL22 = lag parameter (years).

Promotion and Diffusion

In the process of estimating the profitability
differentials of the various alternatives, farmers need
certain information. The information required by farmers
include future producer prices, expected yilelds, government
or private subsidy and loan programs, and expected costs.

In the model this 1s provided as part of the promotion effort
and in the form of "information units." These information
units not only include extension agents, the main instru-
ments of disseminating information, but also any other means

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

l/For a detalled compﬁtation of this variable see

subroutine AGACC in the Appendix.
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While promotional information units (extension agent
equivalents) are exogenously generated as a policy (Chapter 8),
the model also computes (Equation 5.39) the demonstration

effect of farmers learning from one another about alternative

land uses.

Transition Responses

Changes in land use patterns reflect farmers' responses
to the perceived profitabilities of the available grazing
alternatives. The assumption is made that all farmers
modernizing their systems of production, either because of
promotion or diffusion, will recelve the same type of public
and private incentives. Therefore, the perception of the
profitability of the new methods will be the same 1n both
cases.

The profitability response function (Equation 5.36)
determines how many hectares of land an information unit can
trénsfer 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-

gsion makers (see Figure II.1).

¢

PR1(t) = max[ET#(1-EXP(~-E8#(PDR(t)-E9))), 0] (5.36)

where:

| PR1 = a variable which introduces the effects of the
profitebility criterion, PDR, upon the adoption
rate (proportion)

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

E9 '-”the promotion response threshold (dimension-
- less)

EXP = exponential function

max = takes the maximum of the term within the
brackets

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

As shown in Pigure 1I1.1, the parameter E7 determine:
the maximum value of the function. The threshold (E9) and
response rate (E8) parameters reflect the farmers' attitude:
and behavioral characteristics which affect the rate of the!
response to the relative profitabilities of their various
alternatives. These two parameters represent a wide range
of attitudes toward risk involved in the new methods, un-

certainty related to social stability, government programs

PR1
'Y
Efbm—— - —— = —_—— = ===
Large E8 Y\
Small ES8
0 E9 PDR

 PIGURE 1I1.1. The profitability response function.
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and promises in general, and the land tenure system. It
‘48 clear that a wide range of adaptor behaviors can be
simulated by appropriately assigning values to these three
parameters. Since farmers will have different attitudes
toward extension agents (or other promotional efforts) than
they will toward one another, the values of the parameters
may be different for promotion responses than for diffusion
responses.

The profitability and behavioral criteria are
instrumental in determining the rates at which farmers will
respond in a diffusion process or to overt campaigns introduc-
ing modern methods. The rate at which land enters a moderni-
zation process as a result of overt promotion is given by

Equation 5.37.
RLMPI(t) = E3(t)#PR1(t)*EXT1(t) (5.37)

where:

RLMPI

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

EXT1 = units of pre-campaign promotion--a policy
variatle
E3 = the maximum feasible adoption rate per unit

of EXT1 (has/year per unit of EXT1)
PR1 = as defined in Equation 5.36.
As the program progresses, the promotion effort
becomes more efficient and the adoption rate likely will
be increased. This phenomenon 1s simulated by Equation 5.38.
Here, E3 has its maximum value (E31-E32) at the beginning

of a campa‘gn (TCAM=0) and approaches 1ts maximum value
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(E31) when TCAM 1is large. Again, a wide range of real-world
gsituations can be simulated by appropriately assigning values

to the model parameters.
E3(t) = E31 - E32*%EXP(-E33%TCAM(t)) (5.38)

where:

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

E31, E32, E33
= model parameters.

The rate of adoption due to demonstration effects
depends on the differential between modern and traditional
productivities and on the behavioral characteristics of
farmers. The diffusion rate (Equation 5.39) 1s also a func-
tion of the land which remalns under traditicnal management
(TTGL) and the land which has been modernized (TLMOD). If
there 1s no land in either use, there 1i: no demonstration
effect and no diffusion, while the diffusion rate is greatest
when there 1s as much land in the alternative use as 1in the
present use. Thus, the rate at which diffusion takes place
reflects the S-shaped curve of diffusion theory [1].

PR1(t)#TTGL(t)*TLMOD(t) (5.39)

RLMDI(t) = TGL0

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, RIMI, due
to the combined effect of promotion and diffusion ia aimply

computed usn:

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

The transition rate (kquation 5,41) is constrained
by avallable capitul ard lagged to accourt for delays in
establishing a modern alternative. Since the Cozt: 's> A
surplus area (see Chapter 3), requirements of capital ror
buying cuttle are not consfdered {n the apggregate for Ve
reglon, though this {g an irportant Cacter {1 araly=ire
individual farma. Thua, the demand fopr capital for {nveats
ment {8 restricted to farm improverents, he cagpital
available (NCFR) includen capital gepnerated endogenously aa
income (after allowing for connumpticn), travsfers frem the
cropns subsector, and potentinl credit, The rode] daos pot
consider competition for capital bLetween inveptrents and
consumption; 1t {n sssured tha'. consumption 'n A firet elaimant
to farm income nnd {nvestment {8 treated as 4 reniaual,
This overiimplificatton of the vonrumption/raving deetsleras
s Jurtifted hepre becnure of the lack of Information op the
eonasumption and saving patterns of fapmers {n Lthe Fegion,
In addition, a reallistic simulation of the consurption/eaving
and annet bnlance declistons of farmers requires the cntal.liphe
ment of a prefercnce function In order Lo maximige toth

satinfaction an well as returns from different investments
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min[a,b] = a function equal to tne minimum of terms
' within the brackets

max{a,b] #» a functlion equal to the maxlmum of terma
within the brackets,

The variables ARM1, ABMD2, and ARM3 (Fquations 5.42);/
that determine the constraints to the rate of modernization
require further explanation. TIf credit for development 1s
not avaiinble (ARM1 = 0; ARM3 > 0) the rate of moderniza-
tion depends on the farmers' capability to meet tne total
establishment coats. If development credit 1s 1n ample supply
but the investment capital of the participating farmers 13
not enough to meet thelr required share of the establicnment
costs (ARM1 > ARM?; ARM3 = 0), the rate of modernization
depends on the farmers' avallable Investment capltal. If
development credit 1s available and the investment capital
of the participating farmers i1 more than enough to meet
their share of the eastablishment costs (ARM1 < ARM2; ARM3 > 0),
the model asanumesn that the remalning capital 1s reinvested 1in
the farm and the rate of modernization 13 increased by an
amount equal to the allowable rate without credit support
(ARM3). This 1 to say that resources in modern cattle pro-

duction are beling used at a low opportunity cost.

CREDT (L
ARMY = GrrmRGlL) (5.42a)
, o NCFR(L=DT)¥LTL
ARMZ TCEC(t )#RPT (5.42p)

1/tquations 5.42b and 5.42¢ have implicit in the

denominator n one-year multiplicative factor that provides
the denired units.,
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ARM3(t) =

(NCFR(t=DT)=-min(ARM1(t), ARM2(t))¥RPTN#TCEC(t)/LT1)*LT1

TCEC(T)
(5.42¢)
where:

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

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

~ ARM3 = allowable rate of modernization depending on
ranchers capability to meet total establish-
ment costs without development credit support
(has/year)

CREDT = credit available for modernization--Equation
9.4 (Ps/year)

CRTREQ = per hectare credit requirement (Ps/ha)

LTl = time over which development loans are paid--
a policy variable (years)

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

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

TCEC = total cash establishment costs--Equation

6.37 (Ps/ha).
The modernization process is simulated as a seriles
of exponential delays which allow for the possibility of
"dropouts" and represents the phenomena of random moderni-
zation times for individual farms in the aggregate. Equations

5,43 desceribe this process.

R1(t) = R1(t=DT) + y%%E»(cmw(t-l)'r) - RI(t-D"T)) (5.43a)
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XR1(6) = RL(t)*AS ~ (5.43b)
R2(t) = R2(t-DT) + $oi=+(XR1(t-DT) - R2(t-DT)) (5.43¢)
'RLM(t)‘= RLM(t-DT) + iggf*(RZ(t—DT) - RLM(t-D@)} (5.434d)
where:

CRM * = as defined in Equation 5.4l

RLM = average rate land leaves the modernization
' process and begins producing at modern levels

(has/year)

one-third of the average time required for
modernization (years)

XDEL

A5 = one minus the proportion of land that "drops
out" due to shortage of technical assistance
and credit--Equation 5.44,

R1l, XR1l, R2
= intermediate rates (has/year).

The "dropouts" response function (Equation 5.4l)
determines the proportion of land that remains, A5, after
land "drops out" due to the shortage of extension workers

and/or development credit.
A5(t) = min(EL2+ERTRLEL, 1) (AUXT(E) “+ AUX9(t)#min

ACRDT(t)

where:
EXTR = extenslon workers (or the equivalent) re-
quired to sustain the modernization program
-~-Equation 5.45 (man-years)
EXTA = extension workers avallable (man-years)
-ACRDT = credit allocated for modernization--a

policy variable (Ps/year)
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JDCRDT = total demand for development credit--
Equation 9.3 (Ps/year)

AUX7 = actual proportion of total land being
modernized with resources other than develop-
ment credit

‘AUX9 = actual proportion of total land being
modernized with development credit resources

E12, E13

= adjustable model parameters
minfa,b]

= the minimum of a and b.

The calculation of A5 involves the comblned effect
. of two functions which have the same response patterns. One
depends on the ratio of avallable extension workers to the
number of extension workers required to sustain the moderniza-
tion programs; the other on the ratio of credit allocated for
modernization to the total demand for development credit.
As Figure II.2 shows, the parameter E12 (E13) which governs
the sh~pe of the response function determines the threshold
at which dropouts from the modernization process start and
the dependence of the dropout rate upon the ratlos 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 ratlo--
a model parameter (man-years/ha).

In order to compute inputs required for modernization
it 1s important to know how much land i1s in the modernization
process at any given time. The land in modernization 1s
simply the sum of the time integrals of Equations 5.43.
Equation 5.46 computes TRSL--the land in transition from
traditional to modern practices due to overt promotion and

diffusion.

TRSL(t+DT) = (XR1(t) + R2(t) + RLM(t))®XDEL (5.46)

A5

El12 (E13) = 2
El12 (E13) = 1

’_‘P

EXTA/EXTR
ACRDT/DCRDT

FIGURE II.2. The land "dropout" function.
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A final economic decision to be made is whether some
modern grazing land should be reverted o 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 (Equation 5.47) handles this
decision. It is clear that no reversion will occur unless
the profitability cirteria relating modern returns to tradi-
tional returns (PDR) drop below some threshold value, in which
case, the reversion to traditional practices will occur at an
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(t)

_— T T Ell

\ E81 large
E81 small

E91 PDR(t)

FIGURE II.3. The reversion response function.
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to capturc by proxy the farmers' investment and disinvest-
ment decisions.
PR2(t) = max(Ells(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)

ES81

a parameter regulating the reversion rate
(dimensionless)

E91 = reversion threshold (Ps/ha).

The rate by which modern land reverts to traditional
uses is simply the product TLMOD(t)#PR2(t).
where:

VTLMOD = the total land in modern production (has).

Given this reversion rate and the rates land is
being modernized by pro&uction 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).
Equation 5.48 first allocates grazing land enterin; moderni-
zation among the three regions in the same proportion graz-
ing land in each region is of total flood-free grazing land,
then subtracts the modern land reverting to traditional
practices, and finally allocateé'any change in total grazing

land over time between traditional and modern practices.
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GLTOT, (t)
TLMOD, (t+DT) = max{min[TLMOD,(t) + DT#(RLM(t)®—mxrrry

ENT!TLMODi(t)'RTGLi(;)
GLTOTi(f) ’

- TLMODi(t)'PR2(t) +

OLTOTi(t)], 0} ' (5.48)

where: '

RLM = ag defined in Equation 5.43d

GLTOT total grazing land in the given agricultural

region (has)

RTGL

rate of change of total grazing land }n 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)
i_ = indexes the agricultural regions, i=1l, ..., 3.
The inclusion in Equation 5.48 of the term involving
RTGL requires further discussion. Since, over time, the land
allocated by decision makers to cattle production will change,
there 1s a question about how these changes should be allocated
to traditional and modern production. The model formulation
permits the user to make a number of assumptions about this
through adJustmenf of the parameter ENT. For example if
ENT = 0, the model allocates all increases and decreases in

total land to traditional production. If ENT = 1, the model

allocates changes in land area to traditional and modern

l/For detalled computation of rate of change in
lowlands, subregion 1 and subregion 2 (RTGLL, RTGLUl and
RTGLU2, respectively) see subroutine LANDAL 1in the Appendix.



119

production proportionately according to the percentage each

1s of total land. PFurther, if:

ENT = 1 when RTGL > 0 and
ENT = O when RTGL < 0,

the model allocates net increases in total land proportionately
to modern and traditional production and subtracts all de-
creases from traditional production, etc.

Total flood-free lan2 in modern (TLMODR) and tradi-

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

TLMODR(t) = E TLMOD, (t) (5.49)
1=1 1

TTGL(t) = TGL(t) - TLMOD(t) - TRSL(t)" (5.50)

where:

TTGL = total flood-free grazing land in traditional
production in the Costa (has).

Finally, Equation 5.51 computes flood-free and
seasonally flooded grazing land in traditional production

(TTGLR) in the Costa.
TTGLR(t) = TTGL(t) + TGLSP(t)aC9 | (5.51)

where:

TGLSF = total pasture land in the seasonally flooded
region--Equation 5.14 (has)

C9 = a model parameter adjusting seasonally
flooded grasslands to permanent grazing land.
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Cattle Transfers

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

one. This 1s computed by Equation 5.52.

RTDN(t) + C12#TOPOPM(t)#® (TDNAM(t) - TDNREQ) (5.52)

RAA(E) = TDNREQ
where:
RAA = rate animals are added to the modern sector
(animals/year)

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

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

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

TOPOPM = total an1m9l population in the modern sector
(animals)i

Ccl2 = g model parameter that determines the

influence which the difference between

the achleved nutrition level and the de-
sired nutrition level in the modern sector
has on the rate animals are added to the
modern sector (proportion/year).

The rate at which males and females, summing to RAA,
are added to the modern population is given by Equations 5.53.

It is assumed that the sex ratio of transferring animals 1s

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

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

fertile females are transferred from the producing cohort.

RFGTT(t) =
RPPTT(t) =

RMGTT(t) =

RMPTT(t)

where:

RAA(t)®PRGT(t) (5.53a)

TOPOPT1(t)
RAA(t)®FERT(t) (5.53b)

TOPGPT1(t)

RAA(t)#PMGT(t) :
TOPOPT1(t) (5.53c¢)

. BAA(L)#PMPT(t) (5.53d)

TOPOPT1(t)

RFGTT =

RFPTT 3

RMGTT =

RMPTT =

FERT

TOPOPT1

The rates

rate growing females are transferred out of
the traditional sector (animals/year)

rate producing femeles are transferred out
of the traditional sector (animals/year)

rate growing males are transferred out of
the traditional sector (animals/year

rate producing males are transferred out
of the traditional sector (animals/year)

total traditional fertile producing females
--Equation 6.18 (animals)

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

animals leave the modern sector are the

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

are arrivals):

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

RFPTM(t) = -RFPTT(t) (5.53f1)

RMGTM(t) = -RMGTT(t) (5.53g)
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'RMPTM(t) = -RMPTT(t) | (5.53h)

.The traditional cattle population base for these
,tpénsfefs (TOPOPT1), computed in Equation 5.54 below, excludes
-all females which are unfit for reproduction, i.e., old cows,

-infertile cows, and cows with severe cases of mastitis.

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

where:

TOPOPT = total cattle population in the traditional
sector (animals)

pLDFT = traditional population of old females--

< Equation 6.12 (animals)

FINFT = traditional producing females which are
infertile--Equation 6.17a (animals)

FMAST = traditional producing females with mastitis

--Equation 6.17b (animals).

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

of a selected number of variables used In component, LAMDAC.
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Selected Coefficients and Initial Valuea in the
Land Allocation and Modernization Decisions

Component (LAMDAC).

Definition

(Equation No.) Value
DT Determines the time increment of .25
(5.1a) the model (yeuars)
AL2 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)
CL2 Determines the allocation of food 5
(5.23a) crop land between carh crop and

grasslands (proportion)
C9 Determincs permanent grazing land .55
(5.29) equivalent (proportion/year)
Cl2 Determines the speed of animals 1
(5.52) transfer (proportion/year)
ca49 Determines the allocation of .8
(5.6) food crop land to reglon 3

(proportion)
ca57 Determines cxtenaslon workers .0005
(5.45) requirements (mun-years/ha)
E7 Determines maximum adoption rate 1
(5.36) (proportinn)
Ell Determine: maximum proportion of .5
(5.47) reversion to traditional

practicesn (proportion/yenr)
El2 Determines the extension "drop- 1.2
(5.44) outs" renponne threshold

(dimenstonlenn)
El3 Determines the credtt "dropouts" 1
(5.44) responne threshold (dimennion-

less)
E3l Determine: muximum value of ¥1 h,000
(5.38) when accumulated time {p large

(han/yenr per unit of extension)
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TABLE II.1., (continued)

Definition
(Equation No.) Value
E32 Determines minimum value of E3 2,000
(5.38) at time zero (has/year per unit

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

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

(has/yeur)
RLDRN Determines the rate flooded land 13,500
(5.3) 1s drained (has/year)
RPTN Determiner farmers' participation ]
(5.42b) of total establishrent costs

(proportion)
EXTA Determines extension workers 250
(5.44) available (mun-years)
TDNREQ Determine: TDN deaired for modern 1.85
(5.52) animals (tons/animal-yenr)
PRM Deternines the price of milk 1
(5.35a) (Pa/liter)
XDEL Determines one-third of the time 1
(5.43a) to complete moderntcatton (yearns)
TLAVLO Inttial flood=free ngricultural 533.3
(5.1a) land potentially avatlable in

region  {(thounr, ha:)
TLAVL(0) Inittal flood=-free apricultural h31.0
(5.1a) land actunlly avatlatle 1n reglon

2 (thoun, hLan)
TLAVUO1 Imitinl aprteultural land 2,169.06
(5.1b) potentianlly avatlable 1n sub-

region | (Lthoun, han)
TLAVU1(0) Inftinl apricultural land 1,720.73
(5.1h) actunlly avallable {n aubreglon

1 (thoux. han)
TLAVUO? Inttial aprteultural land 1,676.,0
(".1¢) potentially avallable in

tubrepton ) (thoun, han)
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TABLE II.1. (continued)

Definition
(Equation No.) Value
TLAVU2(0) Initial agricultural land 1,293.02
(5.1c) actually available in subreglon

2 (thous. has)
TGLSFO Initial potential grazing land 3,137.95
(5.14) in region 1 (thous. has)
TLDRNLO Initial land capable of drainage 3,137.95
(5.2) (thous. has)
TLFCU1(0) Initial land in food crops in 40,915
(5.20) subregion 1 (has)

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



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

Component AGPRAC generates the production of crops,
pastures and cattle, and deteymines the ylelds of farm crops

and the sales of cattle.

Crop Ylelds

Crop ylelds are a composite of the major crops grown
in the Costa and are assumed to remain constant throughout
the simulation. Increases in crop yields over time are allowed
in the model as part of the modernization policles that will
be discussed in Chapters 8 and 12.

Cash crop ylelds are computed for each agricultural
region according to the crop mix assumed in Chapter 5.
Further, it is assumed that yields in the more fertlle low-
lands (YLDCL) are 10 percent higher than in the uplands
(YLDCU). With these assumptions and using the average ylelds
derived frorm 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 yleld for each agricultural region. Table II.2
shows the computed average yleld of each commodity, and

Table III.3 on page 232 shows the composite yields used in
126
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comput.lny, crop production and fncome below (Fquatton G.ran) .,
The computation of food crop yields (YLDFC) iz simply a
composite of the average ylelds of plantaln ard cassava as
reported by the CajJa Agraria for the period 1965-1969 [7].1/
The five-year average yield of cash crops in the
uplands used in the lard allocation decisions of component

LAMDAC 1s computed as:

EYLDCU(t) = EYLDCU(t-DT) + 5g§gl(YLDCU(t-DT) -

EYLDCU(t-DT)) (6.1)

.where:
EYLDCU = exponential average of cash crop yields
in the uplands, used in Equation 5.35e
in LAMDAC (tons/ha-year)

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

DEL8 = average lag (years).

The increase in crop ylelds as a result of crop
modernization efforts is computed in Equations 6.2. Here,
it is assumed that crops reach their maximum target yleld
gradualily, over a period of several years (DEL9 and DEL10).
This length of time can be interpreted as being responsive

to the crop modernization campaigns and could be a policy

l/Average regional 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--8.28.


http:cassava--8.28
http:plantain--8.38
http:corn--l.ll
http:sesame--.66

TABLE II.Z2.

12

8

Average Annual Yield and Initial Costs by
Farming Sectors.

Yield Costt®
(Tons/ha-yr) (Ps/ha-yr)

Crop Uplands Lowlands Uplands Lowlands
Sesame .63 .693 koo Lo8
Cotton 1.34 1.47 1,639 1,672
Corn 1.08 1.19 313 319
Sorghum 1.73 1.9 564 575
Rice - 1.9 - 1,270
Plantain 8.38 600
Cassava 8.28 787

Costs are reported for 1970 and adjusted to 1960 prices.

Source:

(7, 57, 69]
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variable. Target or desired yieclds have been derived from
targeta set by the Minlstry of Apriculturc for Colombinn
major crops [5811/ and then weighted by the crop allocatling
welghts of component LAMDAC to obtain a composite average

for each agricultural region.

YLDCU(t+DT) = YLDCU(t) + Bg%gl(DYLDCU - YLDCU(t)) (6.2a)

YLDCL(t+DT) = YLDCL(t) + ﬁg%ga(DYLDCL - YLDCL(t)) (6.2b)

YLDFC(t4DT) = YLDFC(t) + =<2l (DYLDFC - YLDFC(t)) (6.2¢)

where:

YLDCU = the projected yleld of cash crops in the
. uplands (tons/ha-year)

YLDCL = the projected yleld of cash crops in the
lowlands (tons/ha-year)

-YLDPC = the projected yleld of food crops (tons/

ha-year)

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

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

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

DEL9, DEL1O
= average lag (years).

Pasture Prcduction

Before generating the production of cattle, component

AGPRAC determines the output of fodder as total digestible

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 6.3) the regional average
TDN ylelds of arti?icial and native grasses Qndér both
traditional and modern practices. Production of artificial
and native grasses 1is estimated as an average of dry and railny
season yields based on the permanent carrying capacity of
these pastures. Traditional artificial pastures in the
uplands under continuous grazing and without fertilizer, yleld
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 1is enough feed to support 1.9
head of cattle throughout a year on the basis of an average
nutritional requirement of 1.82 tons TDN/head-year. Further,
it is assumed that artificial grasses in the more productive
lowlands (mostly para grass) yield about 10 percent higher
than upland pastures (mostly guinea and puntero grasses).

It is also assumed that native grasses yleld two-thirds less
than artificial grasses [61, 66]. Improved pastures are
estimated to have a carrying capacity 40 percent higher than
pastures under traditional management. The average ylelds

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

page 232.
cGo(t) = LCOOU*(TTGLUI(t) + TTGLU2(t)) + CGOLTTGLL(t))
TTGL(t)
(6.3a)
_ (CGOUle(TTGLUL(t) + TTGLU2(t)) + CGOLI#TTGLL(t))
€o01(t) TTCL(E)

(6.3b)



CGl(t) =

cG2(t) =

where:

’
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(CGU1s (TLMOD2(t) + TLMOD3(t)) + CGL1sTLMOD1(t))

TLMOD(t)
(6.3¢)

(CGU2# (TLMOD2(t) + TLMOD3(t)) + CGL2*TLMOD1(t))

CGO = average
grasses

CGOl average

grasses

CGl = gverage
grasses

CG2 = average

TLMOD(t)
(6.3d)

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

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

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

TDX yleld frorm improved native grasses

in the Costa (tons/ha-year)

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

TDN yleld from traditional native
in the uplands (tons/ha-year)

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

TCN yleld from improved native grasses

in the upland (tons/ha-year)

CGOU = average
grasses
CGOUl = average
grasses
CGUl1 = average
grasses
CGU2 = average
CGOL = average
grasses
CGOL1 = average
grasses
CGL1 = average
grasses
CGL2 = avcrage
grasses

TDN yleld frerm traditional artificial
in the lowlards (tons/ha-year)

TDN yield from traditioral native
ir the lowlands (tons/ha-year)

TDN yileid from improved artificial
in the lowlands (tons/ha-year)

TON yield from improved native
in the low lands (tons/ha-year)

TTGLL, TTGLUl, TTGLuU2
= total land in traditional grazing in region
2, subregion 1 and subregion 2, respectively

(has)
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TTGL = total Costa flood-free land in traditional
pasture production--Equation 5.50 (has)

TLMOD1, TLMOD2, TLMOD3

= total land in modern grazing in region 2,
subregicn 1 and subregion 2, respectively--

-

Eguaticn 5.u¢8 (has).

Total digestible nutrients available to the traditional
gector come from pasture in the flood-free and in the seasonally
flooded lands. Crop residues, particulérly of cotton, are
added to the nutrient supply. Since there are indications of
overgrazing in the region, the deteriorating effect of this

practice is introduced into the model by Equations 6.4,

TTGLR(t
GRT(t) = TOPOPT(t (6.4a)

where:

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

TTGLR = total traditional grazing land in the
costa--Equation .51 (has)

TOPOPT = total traditional cattle population
(animals)l/

RCON(t+DT) = max(RCON(t) + DT#CS5#(GRT(t) - GRE), .1) (6.4p)

where:

RCON = range condition (a dimensionless number)

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

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

l/

= For a detaltled computation of this variable nee
subroutine DEMOG in the Appendix.



133

max(a,h) = the maxtmum of a and b,
Range condltlon 15 preventoed from diminfshing below an un-
realistic limit by establishing a lower bound lor RCON.
The above equations stipulate that range condition increases
or decreases over time if ORT is respectively greater or less
than GRE. Given range condition, it is now possible to com-
pute the total TDN available from the flood-free traditional

grazing land.
TDNTG(t) = Rcoﬁ(t_:)'»(CGC')(t)lCPLPtT-TTGL(_t) + CGb.l(;t‘) |

*(1 - CPLPT)*TTGL(t)) - ' ' - (6.5)
where:

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

TDNTG

~ CPLPT proportion of artificial grasses in

traditional grazing land
CGO = as defined in Equation 6.3a

CGOl as defined in Equation 6.3b

TTGL = as defined in Equation 6.3a.
Total TDN avallable from crop residues and seasonally

]

flooded lands is computed as:

TDNRE(t) = C7%C220%(TLCRU(t) + TLCRL(t)) o (6.6)
TDNSF(t) = TGLSF(t)ec9eclo . . . - (6.7)
where:

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

TLCRU = land in cash crops in the uplands--Equation
- 5.24 (has)
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TLCRL = land is cash crops in flood-free lowland--
o Equation 5.11 (has)
TDNSF = TDN available to traditional animals from
seasonally flooded land (tons/year)
. TGLSF = total pasture land from seasonally flooded

areas--Equation 5.14 (has)

- C7 = TDN yield of crop residues (tons/ha-year)

C220 = a model parameter deterrining the proportion
of cash crops producing residues used to
feed traditional anirals

- C9 = proportion of time that flooded land in

available for grazing

Clo0 = TDN yleld of grasses from seasonally flooded
' lands (tons/ha-year).

Finally, the total TDN available annually to ‘the

traditional sector, TDNT, is simply computed as:
TDNT(t) = TDNTG(t) + TDNRE(t) + TDNSF(t) (6.8)

Total TDN available to the modern sector depends on
the alternative adopted. Land in transition from traditional
to modern practices (TRSL) 1s considered part of the modern
sector, but as producing forage at a rate intermediate
between traditional and improved pastures. Briefly, alter-
natives 1 and 3 consider the improvement of both native and
artificial grasses, as well as the production of forage crops
in the latter to supplement nutrition during the dry season.
Alternatives 2 and 4 consider the improvenent of artificial
pastures and the substitution of improved artificial grasses
for traditional native grasses. In addition, alternative A
Includer the production of forage crops Lo supplement nutri-

tion from grasses. The component computes the average yleld
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from improved and transition grasses as well as the average
yiéld from forage crops in the rdrm of silage. Given the
average yields and the land in pasture and forages, it 1is
possible to compute the total TDN available to the modern
sector from each alternative. Forages are planted to the
extent needed to make up for the deficit in nutrition as
shown by the difference between the TDN obtained from grasses
and a target level of TDN (TDND in Equation 6.9f). Although
TDND could be a policy parameter, the model assumes this
target is set at the nutrition level required to suppcrt

four head per hectare, the current average carrying capacity
in the Costa during the rainy season. Equation 6.9g, which
computes area in forages, implies that land is taken out of
modern production and transition in the same proportion.
Mathematically, these computations are carried out in Equation

6.9.

CGA(t) = CGl(t)*CPLPT + CG2(t)®#(1 - CPLPT) (6.9a)
CTR(t) = CG3%CPLPT + CGU4#(1 - CPLPT) (6.9b)
ToNF = C2534C23HATONSG (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 yleld rrombgrésses in transition (tons/
ha-vear)
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€G3 = TDN yleld from transition artificial grasses
(see Table III.3) (tonc/ha-year)

CG4 = TDN yield from transition native grasses
(see Table III.3) (tons/ha-year)

TDNF = TDN yield from forages (tons/ha-year)

TDNSG = TDN yleld from silage (tons/ton of silage)

' €250 = a model parameter to account for weight

losses when green forage 1s converted into
silage

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

C254 = the number of times forages are harvesced

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:

TMPL = total land in pasture (has)

i indexes the alternatives--i=3,4,
Finally, TDN avallable to the modern sector from

alternatives 3 and 4 is computed as:
TDNMi(t) = TDNF¥TLF, (t) + TDNG, (t)*TMPL, (t), 1=3,4 (6.94)

Where:

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

Demoypraphy

Curtle inventories and output are moucled dynamically
as populationa distributed over time and stage of production,
The demographic model cf the cattile population is aivided
into three age colorts for femalen and WO ape cohorts for
males (Figure IT.4)., The respective cohort lerngt! - o« flect
the three production stages the nodel ldentifies: a growing
stage, & producing stage, and a stiage in which anirala withe
out reproductive capabtilities remain, The aglag of animals
throupgh the first two cohorts s modele 'y at:tributed
1aga.l/ When females finally enter the old age cohurt, their
aging rate 1s no longer modeled, and cows remaln there
affected by denaths and sales through heprd maragerent pelicies,
Based on the census data avallable [16] the rodel aspgumesn
that all animals two years old and lese are {ncluded in the
growing cohort; the producing cohort fneludes thoee sr,irnle
over twn years,

The preceding producticn processa i1s pimulated by
four calle to IFLDYT aubroutine {52, W), ore o each sBex
cohort. dince the atructure ol the subroutlre 1a alike for
each cchort and a¢ifferences in output gri-e inly from difs=

ferconcen in inputa, only the production of growing feralen

l/Tne distributed lag model used here has been adapted
following Abkin [1, Chapter 3],
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FIGUKE 11.4&, Cattle production cohorts,
will be discussed i{n detail here, The pgrowing males cohort
uges the male bLipth rate ag an input, and the producing
gohorts use ar An input the cutput of the prowing cohorts,
Fquationr {,20 deftine teatitional or modern populutions
deperding .pen whether DLLDT 18 supplied with traditional or

modern data,

CALL DELDT(BER(t-DT), RFOU1(t), RINTF1(t,, DOROF, IDTFl,
DT, XAROF) (6.,10a)

where;

pp = rate females enter the first cohort, l.e.,
the female birth rate-=Fquatfon (.19
(animals/yonr)

RPOUL = rate growiny feralen leave cohort 1 and
enter the producing staye (animaln/yenr).
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DGROF = average length of time females remaln 1n
Cohort 1 (years)

KGROF = a parameter that determines the probability
distribution for the length of time individual
females remain in Cohort 1

RINTF1, IDTF1

= other variables assoclated with the use of

the DELDT subroutilne

DT = time increment of the model (years).

The purpose of this call to subroutine DELDT 1s to

compute RFOUl(t), the rate females leave Cohort 1. This rate

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

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

where:

DRL1 = death rate of the growing population--
Equation 6.16 (proportion/year)

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

PPFGT = proportion of growing females transferred
out of a glven sector (modern or traditional)
(proportion/year)l
The output of the male producing cohort, RMOU2, 1s the
number of finished males avallable annually for immediate

consumption, and the output of the female proaucing cohort,

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

l/For detailed computation of these varlables see

subroutine DEMOG 1in the Appendix.
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as a result of old age. Given the basic model of the cattle
demographic process, it is possible to conpute the population
in each cohort, total population and other variables of
importance in the model.

The number of animals in the female and male cohorts
are computed as time integrals of population flow rates. As
stated earlier, old females are not transferred but stored
for sales decisions based on herd management policles. Since
the structural equations are alike for Cohorts 1 and 2, the
computation of the number of growlng females will be shown
in Equation 6.11 below. Yet 1t must be remembered that each
equation uses the variables relevant to each cohort, and that
the producing cohorts use as an 1nput the output of the grow-
ing cohorts. Equation 6.12 computes the population of old
females. Total cattle populations in the traditional and
modern sectors and in the region are computed simply by

adding the populations from each cohort.
PFG(t+DT) = PFG(t) + DT#¥(BF(t) - DRL1(t)#PFG(t) - SLSFG(t) -
RFGT(t) - RFOUP1(t)) (6.11)

where:

PFG = population of growing females (animals)

SLSFG = sales of growing females--Equations 6.22
o (animals/year)
RFGT = rate growinpg females are transferred--
Fquations 5.53 (animals/year)
RFOUP1 = rate females leave the growing stage and

enter the producing stage--Equation 6.10b
(animals/ycar).
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OLDF(t+DT) = OLDF(t) + DT®(RPOUP2(t) - SOLDF(t) - DRL2(t)
¥OLDF(t)). (6.12)

where:
OLDF = population of old females (females which
have concluded the reproductive life)
(animals)

"SOLDF = sales of old females--Equation 6.22e
(animals/year)

RFOUP2 = rate fermales leave the producing stage
and enter old age--Equation 6.10b where
transfers = 0 (anirmals/year)

DRL2 = death rate of the producing ropulation--
Equation €.16 (proportion/ycar).

Once cettle demography has been simulated, the model
computes the variables affecting the transition rates of this
population. Live birth rates and death rates are computed as
a function of the level of nutrition (TDNA). Death rates
are computed separately for the growing and producing popula-
tions as shown in Equations 6.13. The table look-up functions
(52, 54) used in these equations compute traditional or modern
birth and death rates depending upon whether the VAL arrays
are supplied with traditional or modern data. Figures II.5

graphically depict these functions.
BR(t) = TABLIE(VALB, SMALLB, DIFFB, KB, TDNA) (6.13a)
DRG(t) = TABLIE(VALDG, SMALLDG, DIFFDG, KDG, TDNA) (€.13b)

DRP(t) = TABLIE(VALDP, SMALLDP, DIFFDP, KDP, TDNA) (6.13¢)
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where:

BR = live birth rate--proportion of producing
females calving per year. 1In the model is
also taken as a pregnancy rate

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

DRP = death rate--proportion of producing popula-
tion dying per year

TABLIE = a simulation subprogram which approximates
arbj .rary functional relationships by straight
line segrents

VAL = an array of rumbers which defines the depen-
dent argument of the function

SMALL = smallest value of TDNA in the data which
defines the function

DIFP = 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 deaths do not change instanta-
neously with changes in nutritioral levels and/cr population
sizes, but rather lag tehind charnges in thesc wvariables.

The variables BR, CRG and DR? must therefore tbte operated on
to introduce these lag effects. Equation 6.14 shows this

computation {or birth rates:

BR2(t) = BR2(t-DT) + =2i—#(BR(t-DT) - BR2(t-DT)) (6.14)

l/I-‘or a detalled computation of this variable see

subroutine DJEMCG 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, DR2, are com-
puted using similar equations to the one above.

Nutrition and management are not the only factors
affecting birth and death rates. Diseases have a major
role in determining the value of these variables, and we
are particularly concerned here with brucellosis and foot-
and-mouth disease (FMD) which are epidemic in the region.
The effect of brucellosis on birth rates 1s introduced 1nto
the model by the variable CBANG which depends on the pro-
portion of cows treated. This 1s shown in Equation 6.15

where the variable BR2 1s taken as a pregnancy rate.
BRL2(t) = BR2(t)#(1 - CBANG(t)) (6.15)

whero:
BRL2 = the effective live birth rate (proportion/year)

CBANG = proportion of pregnant cows abortin§ due to
brucellosis, where 0 < CBANG < .ou, 1/

The e¢ffect of FI*7 on death rates 1s introduced 1nto
the model by the varfable DRA which depends on the proportion
of animals treated arnually. This effect is shown 1n 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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DRL1(t) = DRl(f)'DRA(t) (6.16)

where:

DRL]1 = the effective death rate of growing animals
(proportion/year)

'DR1 = the actual death rate of growing animals--
Equation 6.14 (proportion/year)

DRA = proportional increase in death rates due to
FMD, where 1 < DRA < 1.33.

Before computing total births it 1s necessary to
determine the number of cows capable of calving found in the
population of producing females. This is done in the model
with Equations 6.17 by computing the number of infertile
cows and those affected by severe cases of mastitis, caused
by FMD, that have to be discarded from the breeding herd.
Equations 6.17 are the time integrals of female population
flow rates where affected animals come out from each of the
transition rates in the same proportion. Equation 6.17a
incorporates both the effects of malnutrition and infectious
abortion on fertility (see Chapter 2). The effect of mal-
nutrition is introduced by the variable PIFNU which depends
on the level of nutrition available and a rate of response to
changes in nutrition. The function has an upper bound that
is reached when nutrition is below a predetermined level;
the lower bound indicates that a minimum of infertility is
always present (due to heredity and/or other causes) despite
high levels of nutrition [24])}. The effect of brucellosis is
introduced by the variable, CB(t) = BR2(t)®CBANG(t), which

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

ing become infertile ([31].

FINF(t+DT) = PFINF(t)#[PFP(t) - DT#(DFP(t) + RFOU2(t) +
SLMAS(t))] - SLINF(t)*DT + DT#(CB(t)#0.10
+ PIFNU(t))®*[(PPP(t) - DT#(DFP(t) + RFOU2(t)
+ SLMAS(t))#(1 - PFINF(t))) + DT#(RFOU1l(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)

RPOU2 = actual rate at which producing females leave
the producing stage--Equations 6.10 (animals/
year)

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

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

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

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

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

RPFPT = 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 18 percent of the
cows without treatment against FMD get the disease; further,
it 18 assumed that 5 percent of the cows getting FMD are
affected by severe mastitis [31]. This equation also
implies, as a simplification, that treatment against FMD

is applied to animals in each cohort in the same proportion.
FMAS(t+DT) = PFMAS(t)x[PFP(t) - DT®(DFP(t) + RPOU2(t)

4+ SLINP(t))] - SLMAS(t)#DT + (1 - PATAF(t))

'DTlO.IBl0.0SI[(PFPﬂ§) - DT#(DFP(t) + RPOU2(t)

+ SLINF(t)#(1 - PPMAS(t))) + DT#(RFOU1(t) -

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

Given the population of fertile females and the
effective birth rate, it 1s possible to compute total birth=s.
It i1s assumed in the model that births are evenly distributed

between males and females.
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BA(t) = BRL2(t)#PER(t) (6.19a)
BP(t) = 0.5#BA(t) (6.19b)
BM(t) = BA(t) - BF(t) (6.19¢)
where:

BA = total animal births (animals/yecar)

"BP = total female births (animals/year)

BM = total male births (animals/year)

BRL2 = as defined ir Equationr €.15.

Animal deaths are computed for growing and producing
animals and for each sex category. Equations 6.20 show this

computation for females only.

DFG(t) = PPG(t)sDRL1(t) (6.20a)
DFP(t) = PPP(t)sDRL2(t) (6.20b)
where:
DPG = actual deaths of growing females
C (animals/year)
DFP = actual deaths of producing females
(animals/year)
PFG = population of growing femaleg--

Equatien €.11 (animals)

PPP = population of producing females~-
Equation 6.11 (anirals)

as defined in Equation 6.16.

DRL1, DRLZ2

Milk and Animalc Qutput
Next, the model computes the output from cattle in

the form of milk and total sales, and the marketing equations
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used in the generation of prices. The quantity of milk

produced depends on the number of fertile cows, cows getting

foot-and-mouth disease (FMD) and the level of nutrition.
It is assumed that cows affected by FMD produce 15 percent

less milk than healthy cows [31].
QM(t) = [FER(t)#(PATAF(t) + (1 - PATAF(t))#0.82 + (1 -

PATAF(t))%0.18#0.85) J#PFLAC(t)#C202#YMA®TABEXE

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

QM = quantity of milk produced (liters/year)

PFLAC = proportion of females lactatling

YMA = average mllk output per cow (liters/cow-year)

€202 = a model parameter determining the number of

lactating cows which are milked (proportion)

TABEXE(VAL6, ..., TDNA)
= a subprogram which introduces a milk pro-

duction factor determined by the level of
nutrition--TDNA.
The expected production of milk used in Equatlion

5.35a of component LAMDAC 1s computed as:

EQMT(t) = FERT(t)*PFLACT(t)#CT202%YMAT (6.21b)

where:

EQMT = the expected milk production in the tradi-
“ional sector (liters/year).

Cattle sales are computed for each cohort and are

part of the herd management policies introduced into the
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model, Although the sales policies have been designed with
enough flexibility to permit simulation of farmers' behavior
the current formulaticn allows 1little supply response, (Cash
flow imbalances that might induce sales are not considered
as a factor influencing sale decislons, and the model assumes
that these declisions depend on prices and the level of nutri-
tion. Price changes may have a short-term response effect
but, in the long run, sales scem to be dominated by nutri-
tional considerations. As a general sales pollcy the model
assumes the following priorities (for other than flnished
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 capaclty
are marketed following the order discussed earller. If pas-
tures are being undergrazed, the declsion mechanism operates
to reduce sales and increasc the retention of animals until
the appropriate grazing rate 1s achieved. This nutrition
effect 1s introduced in the sales equations by the variable
PAN. This variable is recalculated each time a sale 1s performed.

The sales equations describe a family of supply curves
which first are completely inelastic, then are positlvely
sloped, and finally become completely inelastic (Figure II.F).
The inelastic portions of the curve place an upper bound to

sales preventing the herd from being liquidated, and a lower
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FIGURE II.6. The cattle sales function.

bound indicating that a minimum of animals are marketed from
the herd despite low price incentives and/or excess carrying
capacity. These bounds are set by the model parameters BMN,
BMX, AMX and AMN which permit simulating farmers' behavior
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 the six sale groups,

the sale of o0ld cows will be shown in detail here. Response

pap )ELAS
to price 1s gilven by the relationship TADO in Equation
{6.220, and nutritlon relationships are given by g%gg in

Equation 6.22d.l/

l-/COHS is used here as a general form to indicate
the number of animals in a given sales grooup.
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TABLE II.3. Maximum and Minimum Proportions of Cattle Sales.

Management Practice
Sales Group 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
Intertile cows:
: AMX?2 0.25 1.00
AMN2 0.15 0.80
BMX?2 0.18 0.95
BMN2 0.15 0.80
Cows with mastitils:
AMX3 1.00 1.00
AMN3 0.70 0.80
BMX3 1.00 1.00
BMN3 0.70 0.80
Growlng males:
AMXL 0.23 0.30
AMNY 0.11 0.11
BMX4 0.14 0.20
BMN4 0.11 0.11
Growing females:
AMX5 0.21 0.25
AMNS 0.13 0.13
BMX5 0.17 0.19
BMN5 0.13 0.13
Fertile cows:
AMX6 0.06 0.06
AMNG6 0.02 0.02
BMX6 0.05 0.05
BMN6 0.02 0.02
Producing males:
AMX7 0.20 0.20
AMN7 0.10 , 0.10
BMX7 0.15 0.15
BMN7 0.10 0.10

l/AMXi, BMX4y and AMN% BMN; are model parameters
ou

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

Source: Guesstimates and model tuning.
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TOPEQ(t) = TDN(t)#NREQ (6.22a)
PAN(t) = TOPOP(t) - TOPEQ(%t) (6.22b)
where:
TOPEQ = total animal population in equilibrium with
nutrient availability (animals)
TDN = total digestible nutrients (tons/year)
NREQ = the reciprocal of the TDN requlred per

animal (animal-year/tons TDN)

PAN = defines the difference between the current
animal population TOPOP and the equlllbrium
population TOPEQ (animals).

PAP(t)

PAPO

ELAS1
} 1} (6.22c)

PRES1(t) = min{BMX1, max[BMN1, PRSIl*[

. PSFO(t) = min{AMX1, max[AMN1, PRES1(t) + czos*g%gé%%ja}(s.aad)
SOLDF(t) = OLDF(t)#PSFO(t) (6.22¢)
PAN(t) = PAN(t) - SOLDF(t) | (6.22f)

Market Models

Component AGPRAC computes the demand and supply of
beef which are part of the simple market model used in deter-
Imining the price of cattle. First, the model determlnes the
number of animals marketed for consumption and/or export from
the Costa herd (Equation 6.24). Although some of these
animals are finished in other regions, it has been assumed
they are slaughtered and enter the retall market as they

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

as computed in the model.

SUPCTA(t) - SLSCCT(t) + SLSMLT(t) + SOLDFT(t) + C212#(SLSCCM(t)
+ SLSMLM(t) + SOLDFM(t) + C213s(TDTHST(t) +
TDTHSM(t)) + C21U4#(SLFERT(t) + C212s#SLFERNM(t))
+ C215#(SLSFGT(t) + C212xSLSFGM(t)) + C216w
(SLSMGT(t) + C212#SLSMGM(t)) (6.24)

where:

SUPCTA = gupply from the Costa herd
(animals/year)

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

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

year)

SOLDPT, SOLDFM = sale of old cows traditional and
rodern, respectively (arimals/
year)

TDTHST, TDTHSM = total animal deaths traditicnal and
modern, respectively (arnimals/year)

SLFERT, SLFERM = sale of fertiie cows traditional
and rodern, respectively (animals/
year)

SLSFAT, SLSFGM¥ = sale of growing females traditional
and modern, rospectively (arimals/
year)

SLSMGT, SLSMGM = sale of growing males traditional
and modern, respectively (animals/
year)
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c212 ‘ = a parameter accounting for heavier
o animals from the modern sector
gewolbded 2~ (dimensionless)

€213, ..., €216
= 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 1in a non-cyclical, exponential fashion
and its rate of growth could take different valves in order
to test the effect of government policles on the development
of the non-Costa cattle economy. Beaf supply 1s computed as
the off-take for exports and slaughter from this population,
where the extractlion ratio reflects the oscillations of the
long-term cycle (see Chapter 3). This cycling effect is
approximated in Equation 6.25b by a TABLIE function which

completes a cycle every seven years with the extraction ratio

reaching a simulated peak at .17 and a bottom at .118,.
TOPOPK(t+DT) = TOPOPKO®EXP(C217%t) (6.25a)

SUPB(t) = SUPCTA(t) + TOPOPK(t)*TABLIE(VAL9, 0, 1, 7,
AMOD(t,7)) (6.25b)

where:

TOPOPK = total non-Costa cattle population (animals)

TOPOKO

non-Costa cattle population at the beginning
of simulation (animals)

EXP = the exponential function
c217

rate of growth of non-Costa cattle popula-
tion (proportion/year)
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SUPB = tota% Colombian supply of beef (animals/
year

"TABLIE(VALY9, ..., AMOD)
= g subprogram which introduces a cycling
factor on extraction ratios determined by
the length of the long-term cycle--seven
years
t = simulated time in the model (years).
Domestic demand for beef is computed in Equation
6.26a and 1ts growth is due to population, income and price

effects.
DEM(t+DT) = DEM(t) + DT#(DEM(t)#RDEM(t)) (6.26a)

RDEM(t) = ELASI#C237 + ELASP#C238 - ELASD#

PA(t) - PA(t-DT)
PA(t-DT)*éTﬁ (6.26b)

where:

DEM = domestic demand for beef (animals/year)

the rate of growth of demand (proportion/
year)

RDEM

PA = market price of finished males--Equatlon 7.2
(Ps/animal)

ELASI = income elasticity of demand for beef

ELASP = population elasticity of demand for beef
ELASD = price elasticity of demand for beef

€237 = rate of increase in 1ncome (proportion/year)
€238 = rate of increase in population (proportion/

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

computed as the sum of domestic demand, officlal exports,
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EXPL, and jllegal exports, UNEXPL. Due to the lack of
statistics on i1llegal exports, these are handled as a conatant
througrhout the simulatlon. Yet 1t would be realintie to treat
UNEXPL as a variable since 1t can be expected this border trade
wlll be responsive to market conditions 1n Colombia as well

a3 in the nelghboring countries (mainly Venezuela and Ecuador).
Official or registered exports are computed from recorded
statistlcs between 1964 and 1971, and from projected targets
from 1972 forward (see Table I.1l, p. 19 for figures and

sources).

TDEM(t) = DEM(t) + EXPL(t) + UNEXPL (6.26¢)

Disease Control

Since foot-and-mouth dlsease and brucellosis serilously
impair cattle production, and the Colombian government 1s
committed to thelr control and eradicatlon (see Chapter 2),
it is relevant to the model to 1nclude some equations to test
the effect of control measures. Component AGPRAC 1ncludes a
simple exogenous model which permits evaluation of disease
control policiles. Here 1t 1s assumed that all the effort is
directed toward the traditlonal sector and that all animals
in the modern sector are treated according to recommended
practices. Further, 1t 1s assumed that before the campalgn
starts, animals are treated at a constant proportion, but
afterwards (i.e., after 1971) this proportion gradually in-
creases until it reaches the value one. At this point the

model indicates that all the cattle population 1is beiné
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treated. This effect is inctroduced in the model by the
exponential function involving the variable TCAD(TCAD = t
-TDO) where TCO !s the year at which the disease control

program starts. The treatment against trucellosis 13 shown

[oa)

in Fquations 6.27 below. This treatrment is applied only once
wher heifers are three to six months old, btut fer simplicity

the model assumes that heifers are treated at birth.

ATABTT(t) = BFT(t)emax{1l - C198#EXP(-C.90#TACAD), C242] (6.27a)

where:

ATABTT = heifers treated against brucellcsis in the
traditional sector (anirals/year)

BFT w total traditional ferale tirths--Fgquation
6.19b (animals/year)

cau2 = proporticr of heifers treated without the
campaignr

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

C199 = model parameter regulating the shape of the

exporential curve.

The moverent of the *reated heifers is tracked through
the growing stage unt!l they reach the producing stiage, and
this allows the madel *o compute the proporticn cf cows
treaced, VCTAG, whieh 1s needed in determining the variatle
CRANG usned 'n ®auation £.15. fThe equations computing PCTAB
have the same structure fer both the traditional ard modern
sectors, with the exception that the latter keeps track of
the treated females transferred from the traditional sector.
Equations 6.27b through 6.27d show this computation for the

traditional sector.
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PGPTB(t) =

ATABTT(t)#DT + PGFTBT(t-DT)s#(PFGT(t) - BPT(t-DT)«DT) (6.27b)
PPGT(t) )

CTABT(t) = RFOUT1(t-DT)#PQFTBT(t-DT)#DT + PCTABT(t-DT)s

(PFPT(t) - RFOUT1(t-DT)#DT) (6.27¢)
PCTABT(t) = SERABIHE (6.27d)
where:
PGPTBT = proportion of growing femalec treated
against brucellosis in the traditional
cector
PPRQGT = population of growing females in the
traditional sector--Equation 6.11 (animals)
CTABT = cows treatea against brucellosis in the
traditioral sector (animals)
RPOUT1 = rate females leave the growing stage--
Equation £.10b (animals/year)
PCTABT = proportion of cows treated against brucellosis

in the traditional sector.

Although tre campaign against FMD and brucellosis 1is
being carried out simultaneously, the data available [31] do
not allow a breakdown of expenditures between the two programs.
This piob.enr was simplified in the model assuming that treat-
ment against FIML was the only one depending on government
expenditures. PBut 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 6.28b implies that eventually all animals could be

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

Since treatment against FMD 1s applied two or thrce
times every year to all animals, the computation of the
proportion of animals treated, PATAFT, used in determining
the variable DRA in Equation 6.16 1is more straightforward

than the preceding for brucellosis.

- EXPAFT(t)
ATART(t) min COSTFT TOPOPT(t) (6.28a)
where:

ATAFT = government treated animals against FMD in

the traditional sector (animals)

EXPAPT = government expenditures against FMD--a
policy variable (Ps/year)

COSTFT = government cost of treatment against FMD
(Ps/animal-year)

TOPOPT = total traditional cattle population 1n the

Costa (animals).

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

(-C2018TACAD), C244)] (6.28b)
PATAFT(t) = HEAElT{t] (6.28¢)

where:

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

ATAPTT = total privately and government treated animals
against PMD in the traditional sector (animals)
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- PATAFT = proportion of animals treated against FMD
: in the traditional sector
cauy = proportion of animals treated privately
without the campaign
"C200 m proportion of animals left untreated
(C200 = 1 - Cc24b)
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 Accounting

Finolly, component AGPRAC performs the macroeconomic
accounting for the agricultural production. This section
also simulates farmers' varying expectations about the account-
ing variables during the planning horizon. These expectations
are introduced in component LAMDAC for the computation of
discounted profitabilities. First, revenues and costs of
crops production are generated. Costs are a composite of the
major crops grown in each of the agricultural regions and are
computed using the same crop allocating weights of component
LAMDAC. It 1s also assumed that costs increase over time at
the inflation rate for farm inputs. Table II.2 on page 128,
shows the computed average cost of each commoditr, where
costs 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.
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ARCRU(t) = TLCRU(t)®*YLDCU(t)#PCROPU(t) (6.29a)

where:

ARCRU

accounting revenue from cash crops in the
uplands (Ps/year)

TLCRU = total land in cash crops in the uplands--
Equation 5.24 (hectares)
YLDCU = the projected yield of cash crops in the
uplands--Equation 6.2a (tons/ha-year)
PCROPU = the projected producer price of cash crops
frow the uplands--Equation 7.4a (Ps/ton).
ACCRU(t) = TLCRU(t)#*CSTHCU(t-DT)®#(1 + DT#RCST) (6.29b)

where:

ACCRU = accounting cost of cash crops in the
uplands (Ps/year)

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

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

Next, the model generates costs and revenues from
cattle. Operating costs have been computed separately for
the pasture lands and for the herd. The operating cost of
land in the traditional and in the modern sectors are com-
puted by Equations 6.30 below. Equation 6.30a is flexible
to account for the seasonally flooded lands in TTGLR where
it 1s likely that expenditures on runge management are kept

to a minimum.

OPCLNT(t) = TTGLR(t)®CLNDT(t)#C267 (6.30a)



where:

OPCLNT
PTGLR
CLNDT

C267
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‘total operating costs of traditional grass-

lands (Ps/year)

total traditional grazing land in the Costa
--Squation 5.51 (hectares)

average operating cost of traditional grass-
lands (Ps/ha-year)

a nodel parameter contirolling total land
where costs are incurred (proportion).

Equation 6.30b has been designed with enough flexi-

bility to be used in any alternative. If the model is supplied

with data for alternatives 1 and 2, this equation reduces to

TLMOD(t)*CLNDM(t). Maintenance costs in lands in transition

(TRSL) are included ir establishment costs.

OPCLNM(t) = TLMOD(t)®*CLNDM(t)®*(1 - CPLF(t)) + TLF(t-DT)#

CSRFGH(t) + TLF(t)«CSHARV(t)#C2534C254 (6.30b)

where:
OPCLNM

TLMOD

CLNDM

CPLF

TLP

CSRPFGH

CSHARV
€253

operating cost of modern grasslands (Ps/year)

total land in modern grazing--Equation 5.49
(hectares)

the average operating cost of modern grass-
lands (Ps/ha-year) '

proportion of modern land in forage crops--
Equation 6.9f

total land in forage crops--Equation 6.9g
(hectares)

cost of replanting and growing forages
(Ps/ua~year)

cost of harvesting and storing forage (Ps/ton)

a parameter determining the yield of forages
per cutting (ts/ha-cutting)
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C254 = a parameter determining the number of
o cuttings per year.

Operéting costs per animal include ‘labor, drugs,
supplemental feed if any, and other miscellaneous costs.
The computation of total animal costs for the traditional
and modern sector use the same structure shown in Equation

6.31 for the traditional herd.

OPCLAT(t) = TOPOPT(ﬁ)ﬁCSTANT(t) (6.31)
‘where:"’
OPCLAT = operating costs of tradltional cattle
(Ps/year)
. TOPOPT = total cattle population in the tradi-
tional sector (animals) te
'E§TANT:= average operating cost of traditional

animals (Ps/animal-year).

TApbther component of operating costs 1s depreclatlon
of grazing land capital and equilpment, as well as taxes on
land.‘ Because of lack of data on initial capital stock, the
model simplifies the qompgtation of replacement investments
in cattle production by a lump annual sum per unlt of land
in production. Total value of depreciation 1s determined
‘ exogenously in Equatién 6.32 for the traditional and modern
sectors. The value of EQLM varies with the alternative
chosenl/ and the corresponding value (EQLT) for the tradi-
tional sector 1s adjusted by a model parameter to account

for the flooded grasslands (see discussion for Equation 6;30a

‘ 1/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
asée;sed'éapiﬁalized Qaiué of land'(sée'Chapter 2) and 1s

~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#C2u8 (6.33)

where:

VLDTXT

value of taxes on land in traditional
cattle production (Ps/year)

VLANDT = capitalized asset value of land in
traditioncl cattle production--Equation
9.15 (Pesos)

TAXLND = the land tax rate (proportion/year)

c2u8 = a model parameter adjusting the capitalized

value of land to the cadastral (assessed)
value (proportion).

Finally, the special taxes on cattle discussed in
Chapter 2 are computed in Equations 6.34. The general inven-
tory tax (TAXC3) based on the net investment on cattle has
been the most difficult to estimate because of the complexity
involved in the accounting of assets and liabilities of
farmers. This problem was circumventgd in the model by

assuming a constant tax rate per animal estimated from
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1/

Ministry of Agriculture sources.=" The assessed liveweight

tax rate (PKGR) used in computing the selective inventory

tax (TAXCl) was recorded from values set by the government
between 1967 and 19702/ and then extrapolated by means of a
TABEXE function ([52]. These computations for the traditional

sector are shown below:
TAXCT1(t) = (PMGT(t)#C222 + PMPT(t))#C223#PKGR .(6.34a)

where:

‘TAXCT1 = the traditional cattle selectlive inventory
tax (Ps/year)

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

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

c222 = 8 model parameter determining the proportion
of growing males over one year of age
(proportion) i
ca223 = the animal-liveweight conversion factor
(kilograms/animal).
TAXCT2(t) = PEMSCT(t)xC277#SFTAX + SLSMLT(t)#C278%SMTAX (6.34Db)

where:

TAXCT2 = the traditional cattle export and consump-
tion tax (Ps/year)

l/Ministerio de Agricultura, "Estudio Sobre la Renta
Presuntiva." Bogota, 1971, pp. 1-111. (Mimeographed.)

g-/'I‘he Ministry of Agriculture sets the livewelght

price at the end of each fiscal year. The values used 1n 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)

SPTAX = the female consumption tax rate (Ps/animal)

SMTAX = the male consumption tax rate (Ps/animal)

C277 = a model parameter determining the proportion
of females sold for immediate consumption
(proportion)

c278 = a model parameter determining the proportion

. of males sold for immedlate consumption
(proportion).

Equation 6.34b above needs a further discussion.
Firsf, 1t implies that the tax on animals sold for export 1s
paid by the producer. The coefficients C277 and C278 intro-
duce flexibility into the model to determine those animals
which are sold to be finished in other regions and whose tax
is not paid by the Costa producers. The variable FEMSCT
includes cows with reproductive problems, old cows, fertile
cows and heifers; and SLSMLT includes finished steers and

males sold out of. the producing cohort.
TAXCT3(t) = TOPOPT(t)#C279 (6.34c)

where:

TAXCT3 = the traditional general inventory tax
(Ps/year)

TOPOPT = total traditional cattle population
(anirals)

€279 = the estimated general inventory tax rate
(Ps/animal-year).

After computing operating costs, the model generates

the cost of establishing any modern alternative at market
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factor prices, and then determines the actual cash outlays
made by farmers. Equation 6.35 i1s a composite of costs of
improving native and artificial pastures, planting artificial
pastures and forages,.and building storage for forages. It
is clear that not all these costs apply to every alternative;
a subprogram in the model assigns the relevant costs to each
alternative, and in addition, computes costs per unit of lanrd
weighted by the proportion of land in artificial pastures

and forages.
TEC(t) = CSIMNP(t) + CSIMAP(t) + CSPLAP(t) + CSFLFG(t)

+ CSTGH(t) (6.35)
where:

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

CSIMNP = average 9ost of improving native pastures
(Ps/ha)l

CSIMAP = average cost of {7prov1ng artificial
pastures (Ps/ha)=

CSPLAP = average cost of substitut1n§ artificial
for native pastures (Ps/ha)l/

CSPLPG = average_cost of establishing forage crops
(Ps/na)l/

CSTGH = average_cost of building forage storage

(Ps/ha)l/

l/l'-‘or' a detailed computation 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 their opportunity cost.

Yet some of the inputs reguired can be supplied on the farm
at no extra cash expense, decreasing the need for the use of
credit and/or savings. Examples of these inputs are family
labor, materials for fencing and tuilding. existing tools and
equipment, ctc. The functifon ALPHl computed in Equation 6.36
is an attempt to simulate the response of farmers' tehavior
to changing profitabilities. This behavior includes changing
attitudes toward work and leisure, a more efficient use of
the inputs at rhand (including management), ard incentive to
utilize more fully the farm natural resources. As shown in
Figure II.7 ALPH1 depends on a profitability threshold (C235)
below which there is no incentive for farmers to use thelir
resources intensively. As profitability increases, farmers
exploit their rescurces more fully until they reach a limit
(C234) where it is assumed that the ability to use on-farm
resources has been exhausted. A parameter (C236) determines
how rapidly the attitudes change with changes in the pro-
fitat!lity criterion. It is clear that a wide range of
farmers' behavior can be simulated by appropriately assigning

values to these three parameters.
ALPHE1(t) = C234 + min(l - C234, (1 - C23U)®EXP(-C236%

.(PDR(t-DT) - C235))] (6.36)
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0 235 : © PDR<t)

ALPH1

PDR

C23H

The on-farm resource use response function.

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

the relative profitability differential of
Equatior 5.30 (direrslonrless)

a mcdel parameter determining the minimum

- proportion of establishrert costs met with

outside rescurces (prcportiorn)

the on-farm resources intensity of use
response trreshold {dimensiorless)

the rate of on-farm resource use response
with respect to profitability (dimension-
less)

the minimum value between a and b

the exponential function.



173
Finally, the total cash requirements for establishing
an alternative, TCEC, are simply computed as:

TCEC(t) = TEC(t)#ALPH1(t) (6.37)

Given the components that enter in the formation of
cattle production costs, it is possible to generate the
accounting costs, ACLA. Equation 6.38 makes this computation
for the modern sector. Accounting costs in the traditional
sector are computed using only the first five terms of

Equation 6.38 below.
ACLAH(t) = OPCLAM(t) + OPCLNM(t) + CAPDEM(t) + VLDTXM(t) +

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

TRSL(t)

ALPHl(t)»CS'I‘GH(t))»3‘“([)1_:L + 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 6.32 (Ps/year)

VLDTXM = value of taxes on land in modern cattiec
production--Equation 6.33 (Ps/year)

TAXCM = total special taxes on modern cattle
(TAXCM(t) = 1§ TAXCHi(t))--Equations 6.34
(Ps/year) -

ALINT = interest payments on development credit--

Equation 9.8b (Ps/year)
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ALREP = repayment of development credits--Equation
9.5 (Ps/year)

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

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

ALPH1 = as defined in Equation 6.36 (proportion)

TRSL = total land in transition from traditional
to modern practices--Equation 5.46 (hectares)

3%*XDEL = time required to complete a land improvement
program--Equa“ions 5.L3 (years)

RPCAPT = the rate farmers' cost 1s increased by

execution of additional storage capacity
(Ps/year).

Accounting revenues from cattle are computed from
sales of milk and animals and increased by any direct subsidy
paid to farmers. In the modern sector, revenues are also
increased by the payment of development loans, but due to the
difficulty in aliocating commercial loans between the two
sectors, these are computed in a more aggregated accounting
in Chapter 9. Since the market model only generates the price
of finished males, the pricing of other animals sold is com-~
puted as a proportion of the price of finished males. This
computation is done with a set of coefficients estimated from
time series recorded by the Central Bank and published by
Garcia Samper [23]. Equations 6.39 show the computation of

revenues from the modern sector.
SLSPM(t) = (SLSCCM(t) + SOLDFM(t))sC224 + SLSMPM(t)!C225
+ SLSMFM(t) + SLFERM(t)=C226 + SLSFGM(t)aC227

+ SLSMGr.(t)=Cc228 (6.39a)
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YAM(t) = PAP(t)®#SLSPM(t) (6.39b)

where:

SLSPM

SLSCCHM,

SLSMD¥,

SLSFGM,

sales from the modern sector weighted by
price relationships (i.e., finished males
equivalents) (animals/year)

SOLDFM, SLFERW
as defined in Equation 6.24 (animals/year)

SLSHEFM
as defined in Equation 6.24 (animals/year)

SLSMGM
as detined in Equation 6.24 (animals/year)

YAM = income from sales of modern animals (Ps/year)
PAP = producer price of finished males--Equation
7.3 (Ps/animal)
c224, ..., C228
= model parameters determining price relation-
ships between finished males and other sale
groups (proportion)
ARLAM(t) = YAM(t) + YMM(t) + ALOAN(t) + AGSUM(t) (6.39¢)
where:
ARLAM = accounting revenues from modern cattle
(Ps/year)
MM = income from milk in the modern sector -
(Ps/year)
ALOAN = credits paid for farm development--Equation
9.4a (Ps/year)
AGSUM = subsidies paid to the modern sector (Ps/year).

Accounting costs and revenues provide estimates at

a given point in time. Yet when farmers are considering the

adoption of a new method they require an estimate of the

future stream of revenues and costs throughout a relevant
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planning horizon. These projections into the future and
within a planning horizon are simulated in the model by
assigning a Weight to each year and for each accounting
variable involved based on farmers' past experience and on
their Jjudgment about changes brought about by the new methods.
As can be expected, each alternative produces a set of dif-
ferent expectations and therefore the above-mentioned weights
vary accordingly (see Table II.4). Expected revenues and

costs are computed in Equations 6.40 below:

CSTANTL(t)#CAINCR,
EOPCLM(t) = SRE (6.40a)
EOCLNM, (t) = CLNDTL(t)*CLINCR, (6.40b)
EVLDTX, (t) = VLTXTL(t)®VLTXTP, (6.40c)
ETXC, (%) = TAXCTL(t)#TXCP, (6.40d)
ECADEM, (t) = EQLT#C268%CAPDTP, (6.40e)

where:

EOPCLM = expected operating costs of modern cattle
(Ps/ha~ycar)

EOCLNM = expected operating costs of modern
grasslands (P3/ha-year)

EVLDTX = expected taxes on land in modern cattle
productior (Ps/ha-year)

ETXC = expected special taxes on modern cattle
(Ps/ha-year)

ECADEM = expected capital depreciation in the
modern sector (Ps/ha-year)

CSTANTL = the exponential average of traditional
animals cost (Ps/animal-year)



TABLE II.4. Perceived Changes in Cattle Output and Costs During the Planning Horizon.

ny

Planning Horizon (years)
Parameter
Definition (Eqn. No.) 1 2 3 b 5 6 7 8 9 10 | 11 | 1
SINCR(5.35¢c) determines
change in sales
Alternative: 1 1 1 1.15(1.45(1.65(1.9 |1.9 |2 2 2 2 2
2 1 1 1.1541.7 |2 2.25(2.4512