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ABSTRACT

A SIMULATION POLICY ANALYSIS OF THE
WESTERN NIGERIAN COCOA INDUSTRY

By

Kwong-Yuan Chong

Since cocoa is the major source of Western Nigeria's income,
employment, revenue, and foreign exchange, the industry is very im-
portant to the regional economy. Over 95 percent of Nigerian cocoa
production, covering a total area of approximately 1.6 million acres--
cultivated by over 400,000 households, is located in the Western
State. Nigerian cocoa production, which is relatively labor-intensive,
is almost exclusively a smallholder enterprise. All the cocoa pro-
duced is sold to the Nigerian Cocoa Marketing Board, a statutory monop-
sonist. However, the producer prices farmers receive are generally
less than the world prices. Between the world prices and producer
prices, the government collects export duties, producer sales tax,
and the marketing board collects a trading surplus tax. Additionally,
farmers also pay for the operational and handling costs involved in
the sale of their output. The total differences in some years may
amount to as much as 50 percent of the world price. Hence, most
economists recommend the increase in the cocoa producer prices which

may, in turn, increase the cocoa output and output capacity.
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Furthermore, since the yield of many of the existing Amelonado cocoa
trees is relatively low when compared to the recommended higher-
yielding Upper Amazon species, the Western Nigerian government is
encouraging farmers to grow more of the latter. In addition, the
government is encouraging farmers to grow the higher-yielding Upper
Amazon cocoa trees in land presently in bush or food.

The primary purpose of this study was to adapt components of
the Nigerian Agricultural System Simulation Model developed at
Michigan State University to analyze the proposed revamping of the
Nigerian cocoa producer pricing policy, and the government-initiated
cocoa new planting and replanting production campaigns. Specifically,
the system approach accounted for the dynamic interactions and feed-
back effects that might occur within the economy as a result of the
proposed price-income changes. The cocoa system simulation model has
four major components which (1) allocated land use according to the
farmers' perceived profitabilities of cocoa and food subject to the
land, labor, and capital constraints; (2) calculated the yield and
output of cocoa and food, and their respective producer and market
prices; (3) provided the instrumental linkages for the government
revenue, marketing board trading surplus, and production campaign
policies; and (4) generated the performance criteria to evaluate the
impact of alternative programs on the cocoa economy through time.

The three major sets of assumptions investigated were
(1) alternative world cocoa prices, (2) alternative government revenue
and marketing board producer pricing policies, and (3) proposed

government cocoa planting and replanting production campaigns. Four
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world price functions, representing the moderate (most likely), high,
low, and cyclical price projections were used. Alternative producer
price policies and production campaigns were combined into five
basic policy options. They were (a) status quo producer pricing
policy with no government-initiated production campaign, (b) status
quo pricing policy with replanting and new planting production cam-
paigns, (c) a "dramatic'" producer price increase with production
campaigns, (d) a more gradual producer price increase with production
campaigns, and (e) option '"b'" with an added predetermined minimum
producer price guarantee, supported by previously accumulated
marketing board trading surpluses.

The results of the cocoa policy experiments were discussed in
terms of the projected time paths (from 1970 to 1995) of six of the
more important performance indices incorporated in the model. They
were (1) total output of cocoa, (2) total and compositional (tradi-
tional and modern) acreages of cocoa trees, (3) foreign exchange
generated from cocoa exports, (4) capitalized agricultural land
value of the cocoa-food ecological zone, (5) disposable agricultural
income per capita, and (6) accumulated government revenue and
marketing board trading surpluses.

In general the study demonstrated that (1) the projected
outcomes with the government production campaigns were all greater
than the base run which assumed no replanting and new planting
production campaigns; and (2) the projected outcomes under the
various producer pricing alternatives were also significantly

different. However, because of the model's present agricultural
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land allocation and harvest response mechanisms, the time-paths of
the cocoa outputs tend to cluster. Nevertheless, the relative dif-
ferences in the time paths of various performance indices provided

a more comprehensive basis for selecting the most efficacious cocoa
producer pricing policy. The study also demonstrated that the system
simulation approach with a computerized model of the economy which
incorporated information from diverse sources, and accounted
explicitly for the dynamic interactions and feedbacks that might

occur, can be a very useful methodological tool for policy analysis.
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CHAPTER I

SCOPE AND NATURE OF STUDY

Introduction

Most economists and planners concerned with the Western
Nigerian cocoa economy generally agree that (1) cocoa farmers have
been responsive in their output to changes in cocoa producer prices,
(2) continued low producer prices might be counterproductive, if not
adverse to, the cocoa industry, and (3) increases in producer
prices and government production campaigns would increase both cocoa
output and output capacity and government revenue in the long term.
The loss in revenue from the producer tax decrease may be offset by
increases in tax base, with the increase in output, income and asset
values resulting from the producer price increases and production
campaigns (Johnson et al., 1969). However, most of the Nigerian
cocoa studies did not provide a comprehensive, dynamic and analytical
basis that would allow policymakers and researchers to interact and
evaluate policy alternatives in the larger context of how the sector
operates through time.

For discussion, these Nigerian cocoa studies are divided
broadly into (1) econometric, or more specifically, the statistically

estimated simultaneous equations, and (2) the partial budgeting and



project appraisal categories. The first category includes such
studies by Bauer and Yamey (1959), Stern (1962), Sanders (1968),
Ady (1968), Okurume (1970), Olayemi (1970), Oni (1970), and
Olatunbosun and Olayide (1971). The second category includes
chapters on cocoa development from the Food and Agriculture Organ-
ization Study (1966), the Consortium for the Study of Nigerian Rural
Development (CSNRD) Report (1969), and the Cocoa Research Institute
of Nigeria Report (1971) for the National Agricultural Development
Seminar.

The features and limitations of the two approaches will
be examined, compared and contrasted with the general system simula-
tion approach in which we propose to study the major economic policy
issues confronting the Western Nigerian economy.

Features and Limitations of the Econometric
Approach for Cocoa Policy Analysis

The econometric approach is essentially a procedure for esti-
mating the coefficients of an equation or a set of simultaneous
equations based on empirical observations of the economic phenomena
(Johnston, 1964). The estimated coefficients, in turn, provide an
analytical basis for testing hypotheses, policy evaluation and pre-
diction. The empirically-based approach, therefore, depends heavily
on the availability of reliable time series and cross-sectional data
in order to statistically estimate the coefficient matrices.

Most of the past econometric studies on the Nigerian cocoa
economy were motivated by the now passe neoclassic agricultural

economic problem of estimating the responsiveness in output of



farmers in developing countries with producer price changes. However,
the economic thinking of many Nigerian government officials in the
1950s and early 1960s was that the farmers' price elasticity of out-
put was zero. The zero price elasticity assumption therefore pro-
vided a comfortable rationale for the government low producer price
policy. Hence, these studies were able to show that the price
elasticities of the cocoa farmers were positive, thus challenging
the rationale for the Marketing Board's low producer price policy.
These studies, however, were not able to relate the short-term and
long-term output responses of cocoa production and their inter-
relations with food price and food production in the regional
economy .

Many issues remain unanswered in these studies. For example,
what was the economic rationale that governed the farmers' decision
to allocate their resources between the short-term and long-term
returns? When cocoa producer prices were high, did producers attempt
to maximize the short-term output by allocating all their labor to
harvest the biologically available output in that year? Or did they
also attempt to maximize their long-term income potential by expand-
ing their cocoa acreages? Conversely, what did farmers do when their
prices were low? Did they increase their short-term output in order
to maintain their yearly expected income? Or did the farmers decrease
their output because of the lower prices? What about food production?
Did they increase food production when the cocoa producer prices were

low in order to offset the income decline?



In order to estimate the coefficients of the postulated
economic phenomena, most of these studies assumed that (1) the
cocoa producers were profit-maximizers, and (2) the economic forces
that linked the various components in the cocoa economy were self-
equilibrating. However, we have to challenge the validity of these
two assumptions if their findings are to be used for policy analysis
and prognostication.

First of all, Nigerian cocoa farmers are not really profit
maximizers in the neoclassical sense. Their production decisions
are determined by the complex interplay among their personal motives,
managerial capacity, resource endowments, ability to command addi-
tional resources; and in the future, the proposed changes in the
marketing board producer pricing policy and the program features of
the production campaigns. Hence, the final outcome of the farmers'
decision to produce food and cocoa depends on their skill and edu-
cational level, psychological aversions for change and risk, the
complementaries of other inputs, the physical and financial "lumpi-
ness' of the new technology, and the existing institutional and
administrative constraints.1

Secondly, the Nigerian cocoa economy would most probably not
be in equilibrium since the very purpose of economic development is
to set in motion disequilibrating economic forces to transform its

underlying structure. Hence, the endogenous variables estimated from

1See Johnson (1972) for a critique of the conventional
theorizing of firm behavior which most of these econometric studies
of supply responsiveness are built on.



past time series data from the cocoa studies cannot be extrapolated
linearly into the future time periods. The anticipated economic
changes and conditions of the Nigerian economy have to be accounted
for and modeled explicitly for policy analysis as much as possible.

Finally, the capital stock adjustment and the Nerlovian
lagged response models used in the cocoa econometric studies were
restrictive in explaining the cocoa farmers' decision to invest and
disinvest in their cocoa trees. Perennials are partially fixed assets
whose value at any one time lies between their establishment cost and
salvage value. The revenue generated from cocoa production flows
from the stock value of the trees. The asset value of an acre of
cocoa trees (without considering location or real estate potential
of the land) is highly correlated with the income-generating capacity
from the trees, even though the correspondence is not perfect. For
example, in the first four years while the trees are gestating,
establishment cost is also increasing. The asset value of the trees
is very low and may even be negative should the land be converted
for other agricultural or residential purposes. Furthermore, the
young trees are also more vulnerable to wind, flood, and disease
damage. However, once the trees are established, their asset value
appreciates. Corresponding to the potential income flow, the asset
value remains relatively high throughout the maximal production
stage and then begins to decline as the trees grow older.

The asset value of the trees may also change externally with
changes in output prices or production costs. However, the farmers

do not necessarily contract and expand their cocoa acreages because



of the relative inelasticities of transformation between cocoa and
other competing crops. Even if the producer price of cocoa declines
to less than the minimum average variable cost, farmers would probably
continue in production as long as the marginal revenue from the cocoa
production is greater than the salvage price of their fixed inputs,
and the acquisition price of their variable inputs. In cocoa pro-
duction, the fixed input is their household labor (whose opportunity
cost is very low), and the variable inputs are the harvesting
materials. However, if producer prices are persistently low and

are expected to remain low in the foreseeable future, some of the
cocoa farmers may abandon their less productive cocoa acreages oOr
convert their land use. Thus we see that the investment and dis-
investment decisions for cocoa production are not completely sym-
metrical or reversible. The change in their output capacity depends
on the relevant price range and magnitude, direction and time
duration of the producers' price changes.

However, one of the fundamental methodological problems
faced by the cocoa econometric studies is the nonavailability of
time-series and cross-sectional data of the Nigerian cocoa economy
to establish the coefficients. Although most of the econometric
models were conceptualized in nonlinear and interactive terms, with
dynamic feedbacks, the final estimations were linear and additive,

because of the data constraints.



Features and Limitations of the Partial
Budget and Project Appraisal Approach
for Cocoa Policy Analysis

The cocoa project appraisals are generally conducted in rigid
geographic, time, and program terms. Some examples are: the assess-
ment of the financial feasibility of a five-year cocoa replanting
program in Ife, a subsidized fertilizer distribution scheme for the
Western State cocoa farmers, or a government loan program for cocoa
spray equipment. The usual criteria used to determine the project's
feasibility are the net present value of future returns, the internal
rate of return, cost-benefit ratio or the payoff period of the initial
investment. These decision criteria can be calculated in terms of one
specific input (which is generally the most limiting input) or the
total project (Prest and Turvey, 1969).

Recently, two major developments have been made to strengthen
and improve the project appraisal approach for policy analysis. The
first is the expansion of the criteria used to determine the effica-
cies of the project, by including secondary and other indirect costs
and benefits that might occur outside of the cocoa sector as a result
of the program (Gittinger, 1972). For example, there is the addi-
tional employment that may be generated in agriculture-related
industries, such as domestic fertilizer plants, resulting from the
expansion of the cocoa economy. Unfortunately, many of the indirect
costs and benefits may not be tangible, quantifiable or expressible
in monetary terms, and their inclusion for project evaluation may
still be arbitrary. The second development is to express the values

of the crucial factors along with their probability distribution of



occurrences in order to arrive at a statistically more complete
picture of the anticipated outcome (Reutlinger, 1971).

Since project appraisals are generally conducted and prepared
as feasibility studies for funding and administrative purposes, the
approach has a strong administrative and accounting bias. These
studies typically are very concerned with calculating the financial
returns made by both the private and public sectors, the repayment
capacities of the project, the general impact on the economy, the
personnel and logistics requirements, and the program phases and
time table. Such findings on the cocoa economy are obviously of
immense interest and concern to the Nigerian Government and inter-
national loan agencies like the World Bank, which monitors the
progress of the project or loan program.

However, the approach is quite mechanistic in projecting the
consequences of the program. Using the principles of partial budget-
ing, outcomes of alternative programs are projected under different

predetermined rates of program expansion and price assumptions.

Little attempt is made to capture the motivating mechanisms of the
change processes, or the interactions or the positive and negative
feedback effects that might modify the postulated consequences as
time proceeds. At best, the initial projected results are sometimes
re-adjusted to reflect some anticipated, intuitive contingencies.
These re-adjustments, however, are generally ad hoc using arbitrary
discount factors. The initial projected total output of cocoa, for
example, may be reduced by 10 percent across-the-board to reflect the

less than optimal agronomic conditions. Moreover, such a mechanistic



approach may not allow any rigorous analysis or interaction between
researchers and policymakers. Hence, it would indeed be very useful
if all the intuitive knowledge and qualitative judgment of the
subject matter experts would also be incorporated clearly and con-
sistently into a joint analytical framework with the underlying
assumptions stated explicitly. As we shall see, the methodological
orientation of the system simulation approach is to provide a
systematic framework to make use of such information.

General System Simulation Approach as a Tool
for Cocoa Policy Analysis

To address ourselves to some of the methodological and policy
problems, we propose to use the system simulation approach as a tool
for developmental planning and policy analysis of the cocoa economy.
The system simulation approach, following the principles of scientific
method and problem-solving research, is a formalized process which
begins with the identification of the problem under investigation,
and ends with the evaluation of feasible alternative solutions.2
This approach generally includes a mathematical model which enables
researchers to express the socio-economic phenomena more precisely
for analysis. Once the relevant system with its structural com-
ponents and functional linkages is identified and the system's values
are specified, its validity can be tested, and experiments using
alternative policies can be conducted to draw inferences on the

impact of these policies.

2For more detailed discussion of the philosophy of the general
system simulation approach for problem-solving research, see Manetsch
et al. (1971), Abkin (1972), and Forrester (1972).
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Although the economy can be modeled mathematically by using

ordinary and partial differential equations containing linear and

nonlinear terms, explicit solutions for the economic model are

often very difficult, if not impossible, with the increasing number

and complexity of the differential equations. Instead, researchers

(aided by large-scale digital computers) have turned to simulation

as a possible means of generating numerical solutions that may pro-

vide policymakers with information about the likely consequences of

alternative economic developmental strategies.

Conceptually, a simulation model of an economic system can be

viewed in the following general mathematical form:

Y(t+1)=F[Y(t),a(t),B(t),v(t)]
M(t) = Gy (t),a(t),B(t),v(t)]

where:

b(t)

m(t)

a(t)

B(t)

Y (t)

1]

1]

1l

a set of variables defining the state of the simulated
system at any given time. State variables usually
involve the level of a variable at a given time and
may include such quantities as production capacities,
prices, population by subgroups, levels of technology,
etc.

a set of output variables measuring the system's
simulated performances, such performance criteria
as output, foreign exchange generated from exports,
income, etc.

a set of parameters defining the structure of the
system. These usually involve rates of change of
variables between levels and input-output coefficients,
such as technical coefficients, response coefficients,
price elasticities, etc.

a set of environmental variables, such as world prices,
etc.

a set of policy instruments, such as tax policies,
production campaigns, investment alternatives, etc.
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The state equation illustrates how the state of the system ¥
at t+1 is a function of the state at time t and of the values of
a, Band vy at time t. This is a general representation of the dif-
ference equation formulation of the system model which describes the
state of the system and subsequent performance at discrete points in
time. The output equation generates the performance criteria Il used
to evaluate the performance of the system over time under various
policy alternatives.

There are three distinguishing features of the general system
simulation approach particularly useful for the policy analysis of
the Nigerian cocoa economy. First, it is a generalized approach
which makes use of all available primary information and calculated
findings including estimated coefficients and parameters from
econometrics, partial budget and project analysis, qualitative judg-
ment and insights of subject matter experts, and descriptive work
about the cocoa industry from other social science disciplines.
Since the research and model-building process is iterative and
flexible, new information can easily be incorporated as it becomes
available, and the structure of the model modified accordingly.

Second, in the system approach, the functional relations can
be nonlinear, and dynamic with discrete or continuous lags and feed-
backs, discontinuous and asymmetric according to the theoretical
postulates or empirical findings. In contrast, because of the com-
puting and estimation procedures, most of the econometric relations

are generally assumed to be causal, linear, and additive. Hopefully,
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the flexible mathematical mode used in system simulation will model
reality better (Manetsch and Park, 1972).

Third, the approach does not have to assume (but does not
preclude) any profit or utility maximizing producers and consumers,
or any self-equilibrating economic adjustments. It does not neces-
sarily involve a unique set of optimizing solutions based upon a
common objective or a predetermined singular goal, which does not
in reality exist. In contrast, the approach is more guided by the
problem under investigation. The system simulation approach provides,
basically, a conditional feedback framework in which various dynamic
interactions and anticipated consequences under alternative policies
and programs can be projected through time and thus evaluated. The
projected time paths of some of the more important performance
indices can therefore provide a composite basis for evaluating

alternative strategies for the Western Nigerian cocoa economy.

Research Objectives and Procedure

Background of Study

The present study has two progenitors, both headquartered
at Michigan State University under the directorship of Glenn Johnson.
The first is the Consortium for the Study of Nigerian Rural Develop-
ment (CSNRD), whose policy-oriented research on Nigerian agriculture
(Johnson et al., 1969), took the monumental Food and Agricultural

Organization study, entitled Agricultural Development in Nigeria

1965-80, as a point of departure. The second is the MSU Agricultural

Sector Simulation Team which was motivated to develop a generalized
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system simulation methodology for agricultural policy analysis
(Manetsch et al., 1971). In both the studies, the Western Nigerian
cocoa industry was treated as one of the major income and revenue-
generating agricultural sectors of the Nigerian economy.

The Consortium approach, using pen and pencil (and occasion-
ally, desk calculator!) projections, studied the impact of alterna-
tive policies on the future development of the cocoa economy--in
conjunction with the other proposed national and regional agricul-
tural policies and programs. While the CSNRD approach provided a
very useful analytical framework for Nigerian policymakers, many
research questions remain unanswered. To facilitate computations,
simple (and perhaps, simplistic) assumptions were made about the
technological coefficients (e.g. cocoa yield, input requirements,
total acreages), costs and returns of cocoa production, and expected
world cocoa prices. Hence, based on their averaged values, the
future aggregative impact under alternative cocoa policies and pro-
grams were projected to the next fifteen years, with 1970, 1975, and
1985 used as benchmark dates. Because of the time-consuming and
tedious nature of the pen and pencil calculations, the study did not:
(1) explore the outcome of the proposed policy alternatives under
different technological data and farmers' behavioral assumptions, and
(2) the projected time paths of other performance indices whose
composite outcome might also interest policymakers. Furthermore,
as discussed earlier, little attempt was made to show the motivating
mechanisms, interactions, and feedbacks of the change processes that

might modify the initially projected consequences. For example,
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CSNRD's cocoa analysis was based on only one set of future world
cocoa prices (assumed to decline £10 per long ton stepwise, every
five years). Hence, it is eminently conceivable that a different
set of world cocoa prices might stimulate measurably different
short-term harvest responses and long-term output capacity responses
among the cocoa farmers, thus affecting the reported outcome. (More-
over, as we shall see, the interactions between the farmers' short-
term and long-term output responses may further modify the projected
outcome.) Nevertheless, in fairness to the CSNRD approach, many of
these methodological issues may have been taken into account
implicitly.

As a result of some of these methodological difficulties,
interest was generated by some economists and system scientists in
using a computerized system simulation approach for agricultural
planning. It was hoped that the approach would provide a more
dynamic, rigorous and integrative approach for planning--in contrast
to the ad hoc pen and pencil, ''common sense' approach used in CSNRD.
Accordingly, an interdisciplinary research team of system scientists
and agricultural economists was assembled at Michigan State Univer-

sity (of which the author is a members). The research objective was

3As a member of the agricultural simulation team, the author
assisted in the design, refinement, and validation of the structural
and functional linkages of the Southern Nigerian Agricultural
Submodel. This involved developing the basic analytical structure
and general information and data of Southern Nigerian agriculture
which described the behavioral structure of the economy (Manetsch
et al., 1971). The author also had the major responsibility for
writing Chapter II of the report, which provided the overall
ecological, economic, and political problem setting of the study.
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to build and test the usefulness of a system simulation model as a
tool for economic planning. Nigeria was chosen as the case country
because of the reservoir of information and expertise at Michigan
State University--thanks to the CSNRD experience. The research,
however, is also motivated to be of assistance in the agricultural
economic planning of other developing countries that share similar
ecological and institutional features, such as the rubber industry
in Malaysia, cattle industry in Colombia (Posada, 1973), and the
total agricultural sector of South Korea (Rossmiller et al., 1973).

In the report by Manetsch et al. (1971), our primary concern
was in validating the usefulness of the system simulation approach
and the Nigerian Simulation Model for developmental planning. The
usefulness of the approach was further extended when the Model was
used to analyze specific policy issues concerning the likely conse-
quences of alternative Nigerian agricultural developmental strategies
(Olayide, Abkin, and Johnson, 1972). Thus, the present study can be
viewed as part of the continuing process of the model's development,
validation, and application, of the system simulation approach as a
tool of planning and policy analysis by focusing specifically on the
cocoa sector of South Nigeria.

In addition to the present study's sector-specific focus,
there are two new features which were not considered in previous
studies. First, world cocoa prices in the previous studies (for the
purpose of validating the usefulness of the system simulation approach
for developmental planning) were assumed to be constant throughout

the planning horizon of the analysis. In this study, we shall
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interject a little more realism by using alternative world cocoa
prices obtained from other studies to analyze their projected conse-
quences in the cocoa economy. Second, we introduce for the first
time a rudimentary producer price guarantee (along the recommendation
of CSNRD) whereby farmers would be paid a predetermined floor price
should their price, after accounting for the taxes and handling
costs, go below the level. The cocoa producer price support program
would be financed by previously accumulated Marketing Board trading
surpluses, or if necessary, from other outside sources. It is
postulated that such a producer price guarantee feature would be
especially helpful if future world cocoa prices are expected to be
low and fluctuating. The price guarantee may thus stabilize the

cocoa farmers' income, and perhaps increase their income as well.

Objective of Thesis

The main purpose of the present study is, therefore, to
adapt components of the Nigerian Agricultural Simulation Model to
analyze the effects on the Western Nigerian cocoa economy of (1)
alternative world cocoa prices, (2) proposed revamping of cocoa pro-
ducer pricing policies, and (3) government-initiated cocoa new
planting and replanting production campaigns to assist the farmers
expand their output capacity.

Specifically, the policy experiments conducted on the model
shall consider the effects of (1) four sets of world cocoa prices,
and (2) five different combinations of producer pricing policies

and production campaigns. Based on the Bateman (1971) study of the
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world cocoa market, three sets of world prices are used--representing
the moderate (most likely), high, and low expectations. The fourth
set, a cyclical world price function, has been constructed by the
author to evaluate its impact on the model's outcome. It is hoped
that the four sets of world prices will capture all the relevant
world cocoa price behavior germane to the policy analysis of the
proposed cocoa producer pricing changes and production campaigns.

The first of the five policy options is a base run which
approximates the present policy. It has a relatively low government
revenue tax of 10 percent on the prevailing world price, a 20 percent
marketing board trading surplus tax on the market price, and no
government-initiated production campaign. The next three policy
options compare the effects of the proposed production campaigns
with varying producer pricing features. In Run 2, the government
initiates the production campaigns with the same tax rates as the
base run. The benefits of the production campaigns are obtained by
comparing the projected outcome of Run 2 with Run 1.

In Runs 3 and 4, the tax rates are assumed to be slightly
higher than the base run at 20 and 30 percent of the respective world
and market prices. However, in Run 3, the higher tax rates are cut
off the following year, whereas in Run 4, the taxes are phased out
linearly over the next five years. The purpose of these two runs is
to compare the projected outcome on the cocoa economy of a 'dramatic"
producer price increase under Run 3 with a more gradual producer

price increase under Run 4, in conjunction with the production
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campaigns. Because of the interactions between the short-term and
long-term output responses, under alternative producer pricing
policies, the projected outcome may differ.

Finally, Run 5 compares the effects of the rudimentary pro-
ducer price guarantee feature. The rest of the policy features of
Run 5 are identical to Run 2. The study hypothesizes that the out-
come of the production campaigns with varying producer pricing
features under Runs 2, 3, 4, and 5 would differ accordingly. Their
differential income, in turn, would have interesting policy implica-
tions.

Among the more important performance indices used to evaluate
the projected impact in the cocoa economy (from 1970 to 1995) are:

(1) in the producing subsector: the annual total output of cocoa

from existing, replanted and newly planted trees, the foreign ex-
change generated from cocoa exports, the annual agricultural dis-
posable income per capita, and the capitalized value of the agricul-

tural land; (2) in the food subsector: the amount of food produced

and its producer and market prices; and (3) in the government and

marketing board subsector: the accumulated revenue and trading

surpluses collected from the marketed and exported cocoa. Based on
the policy experiments using the four sets of world prices and the
five combinations of producer pricing and production campaign
policies, the study will draw some limited policy implications for

the Nigerian cocoa economy.
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Thesis Outline

Chapter II provides the problem setting of the study. It
discusses the roles and objectives of Nigerian agriculture, the
nature of Nigerian cocoa production and the postulated production,
consumption and revenue effects that may result from the proposed
revamping of the cocoa pricing policies and production campaigns.

In Chapter III, we present a description of the major
components of the Southern Regional Submodel of the Nigerian Agri-
cultural Simulation Model (hereafter called the Western Nigerian
Cocoa Simulation Model) which are used to conduct policy experiments
on the Nigerian cocoa economy.

Chapter IV presents the simulation policy results under the
various combinations of world cocoa prices, proposed govcrnment tax
and marketing board producer pricing policies, and the new planting
and replanting production campaigns to expand cocoa output capacity.
Based on the results of the policy experiments, this chapter shall
discuss some limited policy implications for the Western Nigerian
cocoa economy.

In Chapter V, the major methodological and policy conclusions
of the study are summarized and possible extensions of the model

are presented.



CHAPTER 11

PROBLEM SETTING AND ECONOMIC FRAMEWORK OF STUDY

Introduction

In order to better appreciate the problem setting of the
study, this chapter discusses first the general objectives of Nigerian
agriculture and the nature of cocoa production in Western Nigeria.
Secondly, the chapter discusses the postulated production, consumption
and revenue effects of the proposed cocoa price-income changes; the
interrelations between farmer responses and the proposed government
revenue and marketing board, producer-pricing changes; and the govern-

ment initiated production campaigns to increase cocoa output capacity.

Goals of Nigerian Agriculture

According to Oluwasanmi (1966), CSNRD (1969) and others,
there are three basic roles and goals for Nigerian agriculture. First,
Nigerians have to be fed adequately and nutritionally both in the
rural and urban sectors. The solution to the food problem depends
crucially on the interplay among the effective demand of the consumers,
the responsive supply of the food producers, and the adequacy of the
marketing channels and food distribution system. In order to effec-

tively demand and purchase food, the general population must maintain

20
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an adequate income. The farm-gate price of food, in turn, must be
sufficiently high to encourage producers to meet the market demand.
Finally, the pricing mechanisms and market structure must be such that
any long-term changes in food prices and/or output are passed on
efficiently to the producers or the consumers without the various
intermediaries retaining a disproportionate share of the benefits.

Second, in the next decade or so, agriculture will probably
be the chief sector for providing employment opportunities and an
adequate income to most of the country's population and labor force.
The industrial and service sectors in national development will still
be limited because of their relatively high investment requirement
and low labor absorption capacity.

Third, in the longer run, agriculture must also be one of the
major sources of revenue and resources for the transformation of the
country's economic structure, despite the increasing significance of

other economic activities, such as the Nigerian petroleum industry.

Importance of Cocoa to Western Nigeria

The cocoa industry is very important to the Western Nigerian
economy since it is the major source of its income, employment,
revenue, and foreign exchange. In the last ten years, agriculture
accounted for over 65 percent of the gross national product--and
cocoa contributed 20 percent of that amount. The other major
Nigerian agricultural crops, which are also exported, are: ground
nuts (grown in the North), rubber (Midwest), and oil palm (through-

out the South).
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Most of the cocoa produced in Nigeria comes from the Western
State (with the exception of Egbada, Oyo, and Okitipupa Divisions)
and Afenami Division of the Midwestern State. Cocoa is cultivated by
over 400,000 households covering a total area of approximately 1.6
million acres, or nearly 60 percent of the total cultivated land.

Despite the increasing importance of other nonagricultural
sources of income and employment, notably in the urban sectors, cocoa
production and its marketing still provide for a substantial propor-
tion of the farmers in the region (estimated to be between 30 and 45
percent of the total agricultural population), the chief source of
income and employment.

In 1967, cocoa accounted for over 22 percent of Nigeria's
total exports, amounting to £54.7 million. The export earnings from
palm oil and palm kernels totaled £13.8 million; groundnuts £46.9
million; and rubber £6.5 million. The annual average output of cocoa
from 1963-67 is about 212,000 long tons (see Table 2.1). Total ex-
port duties, producer sales tax and marketing board trading surplus
collected from the cocoa sector in 1967 amounted to &7 million,

£.9 million and ¥12.7 million, respectively (see Table 2.2).

Nature of Cocoa Production in Western Nigeria

Nigerian cocoa is produced primarily by smallholders whose
typical landholding consists of about 3 acres of cocoa and 2 acres
of food. Although there is now increasing evidence and concern that
the distribution of landholding size and income level among the cocoa

farmers is skewed (Essang, 1971), the distribution is not as



23

"(1£61) ap1Ae1Q PuE unsoqunie(o Pue ‘(6961) T3SSTIN ‘(0L61) WIOYPITT PUB IAYJT3I :S82INOS
g0t L ¥S 1 4 44 0°06 0°¥81 L961
£°6 £°8¢ 2061 0°S9 0°9¢T 9961
6°ST VANA £°SS¢ 0°0ct 0°021 S961
L°81 1°0¥ 8°961 0°0T1T 0°9L1 ¥961
0°LT vze 9°vLI 0°s0T 0°891 €961
8°61 v ee L V61 0°001 0°8ST 2961
v 61 L €E 6°¢81 0°C11 0°L21 1961
9°'1Z 8°9¢ 2°¥s1 0°091 0°80¢ 0961
vee £ '8¢ 8yl 0°0ST 0°2Lt 6S6T
L'61 L°9C L"L8 0°0ST 0°90¢ 8S61
€702 0°v¢ £°Sel 0°0ST 0°802 LS6T
8°LI 0°ve T°L11 0°00¢ 0°80¢ 9S61
L761 2°92 v 88 0°00¢ 0°96¢ SS6T
£°9¢ £'6¢ v°86 0°0LT 0°26¢ 121] 8
0°02 6°vC L°y01 0°0L1 0°ove £S61
UOTITTIW N % uo3 3uol puesnoyl uol Suor/g N uo3 8uor/% N
s8utuxey 3xodx3y
18301 3O 3JUIDIIJ s8utuxey 3xodx3y utr K313uend 3jxodxgy 9d11d I9dnpoxd 90114 PIIOM Ieax

*L96T-€S6T ‘BIIadIN ‘sduturej eod0) pue A3rjuend) 3Iodxg ‘901xd I9dnpord ‘9d1xd PIIOM--"T1°'Z

JT14VL



24

"(1.61) 2ptAeIQ pue unsoqunie(Q Pue ‘(6961) T3S3TIN ‘(0L61) WIOYPAT] PuB I3YDITJ :S3JINOS
€16 66 ¥ 12°¢2 69°21 S9°1 06°0 0821 00°L L9/9961
SS°LIT 96" €€°9 6L°1 vS°2 ZL°0 01°8 62°2 99/5961
00°¢T §S°S v0°ST Zv°9 652 20°1 90°6 L8°¢ S9/¥961
S¢°0T1 ST'v S€°6 SL°S L6°1 6L°0 6L°21 €1°S ¥9/£961
.11 6L°¢ 1y €e° 1 S€°C 9L°0 66°8 16°2 £9/2961
§S° ¢l AR 8Y°'6 91°¢ 82°2 9,0 09°6 0z'¢ 29/1961
6811 10°¢ I ir- sL'g - 91°2 €L°0 89° 11 v6°¢ 19/0961
15°8 £1°¢ 66°2 011 09°T 6570 06" ¥1 8Y°S 09/6561
0S¢, L8°2 Sy 02 $8°L 8¢"1 €5°0 65°61 0S°L 65/8561
6L°9 LL'T 88°81 Z6° Y 111 62°0 26°S1 ST ¥ 85/LS61
62°11 v6°2 88"t - LT - 96°1 1S°0 Ls°21 AARS LS/9S61
001 vz 8" L1- A A SL'T Zv°o 10°9T1 v8°¢ 95/5S61
9Z°L 06°1 12761 £0°S 9z°1 €€°0 82°12 LS°S SS/¥S6T
VLY 981 €91 29°S 66°0 6£°0 zz 62 Ly 11 ¥S/£S61

swooujg dwodu] swoouf awodoug

peidedxg | uoryrtw g N | pa3dedx3y [uotTyyTw § N |po3Idadxy [ uoryiIW § N |po3Idadx3 | uoTITIIW § N

3o % 3oy 3o 3o 4 1e04
sosuadxy snidang

1el0] pajewtlsy

Butpex] s,pieog

Xe] S9[BS adnpoxd

sa13Ing 3jxodxg

*L9-€S6T ‘3x1o0dx3 ®020) UBTIIZIN
urslsap Jo sasuadxg aATIeI3STUTWPY pue snidaing Surpel] ‘Xe] sa[eS 9onpoild ‘sartang 3xodxg---z°z I14VL



25

pronounced or inequitable as the Latin America latifundia and mini-
fundia land system.

Cocoa is a perennial which requires from 4 to 8 years of
gestation before producing. The output function of a given acre of
trees (given its genetic type and cultivation pattern) depends on
the age of the trees. Most of the Nigerian cocoa trees belong to
the Amelenado type. After the gestation period, the annual output per
acre increases from approximately 100 pounds at 7 years old to ap-
proximately 300 pounds after 10 years. The maximum of 350 pounds is
reached between the ages of 14 and 28, after which the output grad-
ually declines to 250 pounds per acre per year. Although the trees
still bear cocoa pods beyond 40 years, it is generally assumed that
it is no longer economically feasible to maintain them.

On the other landholdings, the cocoa farmers grow in the
main food for household consumption, with the surplus marketed
locally. The typical food crops cultivated are: cassava, yam, and
maize. The farmers also harvest wild palm and kola nuts. In addi-
tion, some farmers supplement their income with off-farm jobs, such
as petty trading and odd jobs in town.

Most labor required for cocoa and food production is provided
by the household. However, among the larger farmers, agricultural
production depends importantly on hired labor, especially during the
critical phases of planting and harvesting. These larger farmers
may also specialize in producing cash crops while purchasing all

their food.
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The Nigerian cocoa economy is confronted with two major
problems. The first is the relatively low producer prices, compared
to what the economy nets for the exports in the world market. It is
generally agreed that the low producer prices may have a depressing
effect on output and in the longer term, may discourage many of the
cocoa farmers from expanding their cocoa acreages. The second
problem is that the yield of many of the present trees is also
declining because of age and disease infection. Hence, in order to
increase the cocoa farmers income, the government is presently
(1) considering the revamping of the producer pricing policy, and
(2) encouraging the cocoa farmers to replant their old and declining
Amelenado trees with the higher-yielding Upper Amazon trees, and
plant land currently in food or bush with the Upper Amazon cocoa
trees.

The gestation period for the Upper Amazon trees is shorter.
Production begins at age 4 at 200 pounds per acre per annum and
increases to about 600 pounds by age 10. Maximal production is from
age 11 to 32 at 900 pounds per annum. From age 33 to 40, the yield
declines to 800 pounds per annum. Although the trees do not produce
any cash income during the gestation period, the asset value of the
land with the trees appreciates because of the potential income
generated from the trees. The asset increase in turn may increase
the farmer's collateral for credit. The cultivation of cocoa trees
and other perennials is a very important, although often ignored or
underplayed, means of capital formation in economic development.

The primary inputs of the capital formation are the farmers'
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uncultivated land, household labor (whose opportunity cost may be
very low) and some purchased inputs, such as cocoa seedlings and
chemicals. For cost breakdown, see Table 3.1.

Agricultural Price Policy, Production
Campaigns and Cocoa Development

In general, the use of price policy for agriculture is a
relatively efficient and fairly effective tool for allocating
resources between the agricultural and nonagricultural sectors; and
among the various crops and other agricultural economic activities.
Barring any institutional and technological constraints, resources
would generally be allocated and reallocated to the sector and the
commodities whose relative returns are highest and increasing.

In order to generate revenue and stabilize domestic cocoa
prices, the government has, through the marketing board, instituted
export duties, producer sales tax and the trading surplus in addition
to charging farmers for handling and administrative costs. Conse-
quently, Nigerian cocoa farmers are paid a producer price consistently
below the world price (see Table 2.1). Because of the pervasive
nature of cocoa production in the economy, the price policy directly
and indirectly affects the income and welfare of nearly all the
farmers in the region (through the linkage and multiplier effects).

Hence the proposed changes in the government revenue and
marketing board producer pricing policies would have wide reverbera-
tions in the cocoa economy. The final impact of the price changes on
the economy can be divided into (1) the cocoa farmers' short-term

and long-term price responses in output and output capacity, (2) the
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effects on the sector's food production and consumption, (3) changes
in the farmer's nonfood consumption and savings pattern resulting
from the price and subsequent output increases, and (4) government

revenue and marketing board trading surplus effects.

Cocoa Output Effects

The output responses caused by a producer price increase can
be categorized as short, intermediate, and long-term according to the
time-lag adjustments and the additional resources commitment neces-

sary to bring about the changes. A short-term output response would

be for cocoa farmers to increase their output in the same year because
of a higher prevailing price. The additional costs typically would

be the added labor for weeding and harvesting. As long as incre-
mental return is greater than incremental cost, farmers would harvest
more of the trees up to their biological potential.

Although we do not examine the effect of the intermediate

output response in this study, an example would be for farmers to

improve their cultivational and managerial practices by spraying and
pruning more frequently because of the higher prevailing price. The
additional costs in the intermediate output response are additional
labor, materials (mostly chemicals), and the annual amortized cost of
the spraying equipment. The rehabilitation of the trees can increase
their output potential for the next two to four years.

The long-term output response would be for farmers to expand

their output capacity by either planting new cocoa trees or replanting
their present lower-yielding trees (@according to their resource endow-

ment), as a result of the prevailing favorable price.



29

With the proposed production campaigns, we can reasonably
expect that most of the new trees would be of the higher-yielding
Upper Amazon variety. As we shall see, the establishment of new cocoa
trees is a major investment involving considerably higher input costs.
Since each response has its own cost-return configuration, they very
often compete against each other for the farmers' resources.

The final production outcome with the proposed cocoa producer
price changes is also interrelated with the supply responses of the
various inputs necessary to bring about those changes. For example,
the increased demand for labor to assist in harvesting or planting
new trees may increase response costs if the labor supply in that
year is fairly inelastic, thus increasing the costs of the initial
output responses. On the other hand, the increased demand for

materials, such as chemicals, may decrease their unit cost, which,

in turn, further stimulates their use and thus reduces the final
costs of the responses. Alternatively, the decrease in the costs of
these inputs, resulting either from their exogenous price decline or
a deliberate government subsidized program, may also induce increases
in output and output capacity of cocoa and food.

Furthermore, the proposed changes in the producer price would
probably affect farmers differentially according to their age, educa-
tional background, managerial capabilities, farm size, and resource
endowment. Since not all the farms are of the same size or have
trees of the same productive age, increases in the producer cocoa
price would probably benefit the larger farms more than the smaller

farms, and farmers with producing trees more than farmers whose trees
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are in gestation or declining in yield. Alternatively, some farmers
may not have the managerial capabilities, access to suitable land or
comnand over the additional information and financial resources
needed to expand their cocoa acreages despite their eagerness result-
ing from the increased producer prices. Likewise, older farmers
(who, because of their age, and hence, shortened planning horizon)
would probably not replant their trees despite the producer price

increase.

Food Production and Consumption Effects

The second possible effect of the cocoa producer price in-
crease would be on food production and consumption. Since food and
cocoa production use basically the same resources, the change in
the producer price of cocoa would naturally affect food production.
There are two distinctive features concerning food and cocoa produc-
tion and consumption which govern their interrelationships. The
first is that food crops are generally annuals or biennials, whereas
cocoa trees are perennials. Although labor and most of equipment
can be used for both food and cocoa production, the land used for
cocoa is relatively fixed once the trees are established. On the
other hand, food land can easily be converted for cocoa production
if the soil is suitable and other economic conditions are satisfied.
The elasticities of transformation between their production are
therefore relatively low and asymmetric. The second distinctive
feature is that cocoa is cultivated exclusively for export, whereas

food is consumed, sold and sometimes purchased by the farmers.
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The interrelationships caused by an increase in cocoa producer
prices on food production can be subcategorized into positive, nega-
tive, or zero. In the positive situation, cocoa farmers would in-
crease their output and output capacity of food. Since additional
labor has to be hired and paid in kind with food, the farmers may also
grow more food as they cultivate more cocoa. The negative effect is
obviously the opposite. The farmers allocate more of their resources
(including hired labor) to cocoa production at the expense of food
production. Finally, if we assume that the production decisions for
food and cocoa are independent and unrelated, the increase in cocoa
producer price has little effect on food output (Okurume, 1970).

Depending on the total equilibrium supply and demand of food,
the change in food output in turn affects its price. If the cocoa
producer price increase results in a decrease in food production, and
the demand for purchased food does not decrease, the market price of
food may increase. The change in food price also has a real income
effect on the farmers, especially if a large portion of their food is
purchased. Conversely, the real income of cocoa farmers may also
increase in food output and productivity. Furthermore, the increase
in cocoa producer prices (through the real income effect) may also
increase the demand for food. Thus, we see the importance of monitor-
ing the effects of the producer price change of cocoa on food produc-

tion and consumption.

Nonfood Consumption Effects

Finally, the increase in real income caused by the producer

price increase may also change the farmers nonfood consumption
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pattern of durables, nondurables, and services. Earlier, we have dis-
cussed the output-investment effects, where the producer price in-
crease may induce the farmers to invest further in production by
either harvesting more of the cocoa crop in the same year, or expand-
ing cocoa acreages by newly planting and replanting low yielding
trees. However, the real income effect of the producer price increase
may also be to increase and change farmers' total consumption and
savings pattern.

Government Revenue and Marketing Board
Trading Surplus Effects

We shall now turn to the other side of the producer pricing
ledger. The increase in producer price, or conversely, the decrease
in tax rates, obviously affects the total revenue collected by the
government and marketing board. The government and marketing board
revenue elasticity, with respect to the producer price change, can
be decomposed into its unit tax and quantity elasticities effects.
Although the unit tax elasticity is always negative, the total
revenue elasticity may be positive if the quantity elasticity is
sufficiently positive and offsetting. Hence, the decrease in tax
rate may further induce farmers to increase their output in the
short-run and output capacity in the long-term, thus increasing

their tax base.

Lower Producer Price Effects

A lower producer pricing policy which decreases the farmers'

cocoa price, however, would not necessarily have the opposite,
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symmetrical effects either in magnitude or direction. If the pro-
ducer price is decreased by the same amount as in a hypothetical
price increase, the reduction in output would probably not be sym-
metrical. As we have indicated earlier, farmers would probably
continue producing and not abandon their trees or convert the land to
alternative uses, unless disastrous and persistent rock-bottom
producer prices prevail. Once the investment is made and trees are
established, the asset value of the cocoa land lies between its
acquisition and salvage value. The only way to recapture the invest-
ment is to continue producing, as long as the marginal returns are
greater than the marginal costs. Moreover, the strong ratchet-
consumption behavior would probably discourage farmers from appre-
ciably reducing their output.

Marketing Board Producer
Pricing Policy

The time-variant output responses of cocoa farmers also
depend importantly on the nature of the marketing board operations
and its general producer pricing policy. Presently, the two major
roles of the marketing board, in addition to regulating the produc-
tion and marketing of cocoa in the country, are (1) to collect
revenues for the public sector, and (2) to buffer the domestic
prices from the fluctuations of the world prices through the trading
surpluses' operation.

In recent years, the operations of marketing boards, the

marketing system and its licensed buying agents and sub-agents and
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the producer pricing policies have been critically discussed and
evaluated in the literature. Among these are Helliecner (1968),
Kriesel (1968), Johnson et al. (1969), Essang (1971), and Idachaba
(1972). More recently, the International Conference on the Marketing
Board system held in 1971 at Ibadan was convened once again to

assess the role and functions of the marketing boards.

The general consensus discernible from the conference papers
are (1) physical operations and administration of the marketing
boards can be improved considerably, thus reducing overhead operating
costs, (2) price and income stabilization roles of the marketing
boards should be separated from their fiscal and tax roles, and
(3) marketing board taxes can also be a very effective channel of
economic development if they are reinvested directly within the
cocoa sector.

Thus, the future of the cocoa producer pricing policy depends
crucially on how the roles of the marketing board are viewed and
defined. If the marketing board is viewed primarily as a fiscal
agent of the government, the criteria to evaluate its role are
(1) its effectiveness in generating revenue for the public treasury,
(2) its distributional equity on the producers, and (3) its adminis-
trative efficiency when compared to alternative forms of taxes.
However, if the marketing board or its succeeding organization is
viewed primarily as a developmental agency motivated explicitly to
assist cocoa farmers, the crucial question then is: in what pro-
grams and at what levels of support, should the government invest in

or at least provide the leadership and coordination? Such a
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pro-farmer orientation may entail a net transfer of revenue from
other sectors of the economy. Furthermore, CSNRD has recommended
that a separate agency funded by previously accumulated trading
surpluses should administer the domestic cocoa price and income
stabilization problem faced by the Nigerian cocoa economy. In any
event, the producer price set by the government and/or the marketing
board in any one year (regardless of their objectives) depends im-
portantly on the expected world price Nigeria receives for her ex-
ports. And, paradoxically, the government has little direct control
over this factor.

Production Campaigns to Expand
Cocoa Output Capacity

Finally, the anticipated consequences of production campaigns
on the cocoa economy also depend on the specific program features of
the cocoa production campaigns and the overall governmental policy
for the cocoa sector. The latter includes the government's investment
in the infrastructure and other supporting ancillary services like a
feeder network of roads, schools, vocational education, and agri-
cultural extension. The three basic program instruments the govern-
ment can use to defray cocoa farmer risks and financial costs in new
planting and replanting are: (1) subsidizing the purchase of the
seedlings and spraying equipment, (2) providing generous across-the-
board low interest loans for the farmers to finance their investment,

and (3) direct grant either in cash or kind to the farmers.
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Comparison Between Cocoa Producer Price
Policy and Production Campaigns

Although the increase in the producer price or the decrease
in the input costs by a government subsidy basically increases
farmers' private profitability, the costs and effects of the two
policy instruments differ. Since the price increase is commodity-
specific, the increase in the producer price of cocoa, as was indi-
cated earlier, would probably benefit larger farmers and those with
trees that are producing mor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>