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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 houscholds, 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 in?olved 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
ecoﬁomists recommend the increase in the cocoa producer prices which

may, in turn, increase the cocoa output and output capacity.
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rﬁutﬁﬁeimoié;isince»the yield of many of the existing Amelonado cocoa
 'ffé§§iis relétively low when compared to the recommended higher-
yielding Upper Amazon species, the Western Nigerian government is
encouraging farmers to grow more of the latter. Iﬁ 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 produccr and market

prices; (3) provided the instrumental linkages for the government
vfevenue, marketing board trading surplus, and production campaign
policies; and (4) generated the performaﬁce criteria to evaluate the
 ;m§act of alternative programs on the cocoa economy through time,

. The three major sets of assumptions investigated were

tlj alternative world cocoa prices, (2) alternative government revenue
’and marketing board producer pricing policies, and (3) proposed

:gpvernmont cocoa planting and replanting production campaioms. Four -
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~world price functions, representing the mode¥ate (most 1likely), 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 Efrom 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 yun 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 mechan1sms the t1me-paths of
the,cocoa outputs tend to cluster. Nevertheless the relatlve dif-
ferences in the time paths of various performance 1nd1ces provided

a more comprehensivelbasis 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 Qery 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 résponsive 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 cainpaigns would increase both cocoa
output and output capacity and government revenue in the long temm.
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
pasis 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 sfatistically

estimated simultaneous equations, and (2) the pgrtiai_budgeting and
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:ptbjéct gpprai$a1*ca§¢§§riés.;fihéffifst ca§§gory includeé~suchl
Stﬁdies'B}tﬁéuérvéﬁd;Yéﬁéy'(1959); Stafnv(iQGZ);»Sdnders (1968),
‘A@f”(lgss), 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 wéstern Nigerian economy.

Features and Limitations of thc 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-

A&iction. The empirically-based approach, therefore, depends heavily
on the availability of reliable time series and cross-sectional data
‘in o:der to statistically estimate the coefficient matrices.

| Most of the past econometric studies on the Nigerian cocoa
'é#anmy’were motivated by the now passe neoclassic agricultural

fpconomic problem’qf estimating‘the'responsivenogs‘in output;of;'



farmers in developing countries with producer price changes. However,
the economic thinking of many Nigerian gerrnment 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 Qutput 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 of&er to estimate the coefficients of the nosthlated
 ¢conomic ﬁhenomena, most of these studies assumed that (1) the
!coéoa‘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 chailenge 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 ﬁrofit
maximizers in the neoclassical sense. Their production decisions
are determined by the complex interplay among their personal motives,
manaéerial capacity, resource endowments, ability to command addi-
tional resources; and in the future,.the proposed changes in the
marketiﬁg board producer pricing po&ic; 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
Ltoiset in motion disequilibrating economic forces to transform its

;ﬁﬁderlying 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 Yalue 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 asse¥ 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 fncome 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 external}y with
changes'in output prices or production costs. However, the farﬁéfs;z

.dprnot necessarily contract;and‘expand‘their cocoa écreages;bécagse'j



ofj@hé‘rélative inelasticities of transformation between cocoa and
fother;competing crops. Even if the producer price of cocoa declines
to less than the minimum average &ariable 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 acréages or
convert their land use. Thus we see that the investment and dis-
investment decisions for cocoa p;oduction 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-
cie§ 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-
;ional 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
ih monetary terms, and their inclusion for project evaluation may
still b; arbitrary. The second development is to express the values

' of the crucial factors along with their probability distribution of
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oécurrences 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 principl?s 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 efrects 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 he very useful
if all the intuitive knowledge and qualitative judgment o. 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 cnables
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 valges
are specified, its validity can be tested, and experiments using
alternative policies can be conducted to draw inferences on the

impact of these policies.

%or 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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Aitthgh the economy can be modé1ed mathematically by using

1

"érdinary andkpartia1 differential equations containing linear and

 fho§iinéar texms, explicit solutions for the economic model are

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

“and complexity of the differential equations. Instead, researchers

(dided 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:

PEEH1)=F [0 (L) ,a(t) ,B(e) ¥ (t)]
Mee) = GLHCE),ace),B(),y ()]

vhere:

v(t) =

n(t)

_ a(t)

B(®)

,y(t)

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 ccefficients,
such as technical coefficients, response coefficients,
price elasticities, etc.

a set of environmental variables, such as world prices,
etC. ’ '

i set of policy instruments, such as tax poiicies,
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
0, 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
simulgtion approach particularly useful for the policy analysis of
the Nigerian cocoa economy. First, it is a generalized approéch
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 sciegce 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 cdntinuous lags and feed-
backs, discontinuous and asymmetric according to the theoretical
ébétulates or empirical findings. In contrast, because of the com-
 pntihg and estimation procedures, most of the econometric relatignsl ;

 £re génerally assumed to be causal, linear, and additive. Hoppfﬁ1193°



fthe flexible mathematical mode used 1n system simulation will modeL~
;reality better (Manetsch and Park 1972) -

Third, the approach does not have to assume (but does not
ﬁieclude) any profit or utility maximizing producers and consumers,,
or any self-equilibrating economic adjustments. It does not necés-
sarily involve a unique set of optimizing solutions based upon a
common objective or a predutermined 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), whosé policy-oriented research on Nigerian agriculture
(Johnson gg_gi:, 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 51mu1at1on methodology for agricultural policy analysig
.{Manetsch et al., 1971) In both the studles, the Western ngcrian
cocoa industry was treated as one of the major income and revenue-
generatlng agricultural sectors of the Nigerian economy,

The Conoortium approach, using pen and pcncil (and occasion-
ally, desk calculator!) projectiops, studied the impact of alterna-
tivc'policics on thelfuture development of the cocoa economy--in
conjunction with the other proposed nacional and regional agricul-
tural policies and progréms. While the CSNRD approcch provided a
very useful analytical framework for Nigerian policymakers, many
research questions remain unanswered. To facilitate computations,
simple (and perhaps, simplistic) aosumptions were made about the
technological coefficients-(c.g. cocoa yield, input requirements,
total acreages), co#ts 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 ncxt fifteen years, with 19?0, 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 projécted 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 conseqiiences. For example,



fCSNRD's cocoa analysis was based on only one set of future world
Jcocoa prices (assumed to decline 510 per long ton stepwise, every
five years) Hence. it\is eminently conce1vab1e that a different
,set-of world cocoa prices mighc stimulate measurably dlfferent
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-cerm output responses may further modify the projected
'optcoﬁe.) Nevertheless, iﬁ*fairness to the CSNRD approach, many of
these methodological issues may have been taken into account
implicitly. |

As a result 'of som¢ of these methodological difficulties,
interest was generated b}‘eeme economists and system scientists in
using a coﬁputeriied.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, refincment, 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 IT of the report, which provided the overall
ecological, economic, and political problem setting of the study.
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/,td’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 ipdustry 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 dovélopmental planning) were assumed to be constant throughout

the planning horizon of the analysis. In this study, we shall
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!interject a litﬁle more realism by uszng alternative world cocoa

_ prices obtaxned from other studies to analyze their projected conse-

‘, quences in the cocoa economy. Second, ve introduce for the first
time a rudimentary producer price guarantee (along the recommendat1on
of CSNRD) whereby farmers would be paid a predetermlned 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 inqrease 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
ﬁlanting and replanting production campaigns to assist the farmors
expand their output capacity.

Specifically, the policy experiments éonducted on the model
shall coﬁsider 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 th?‘
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world cocoa market, three sets of world prices are used--representing
the moderate (moct likely), high, and low expectations. The fourth
set, a c&clical 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 caﬁpaign. 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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i:éampaigns. Because 6f the interactions betWeen‘the~shortvtcrmfand
long-term output responses, under alternative producerfpriéing
folicies, the projeéted outcome may differ.

Finally, Run 5 compares the effects of the rudim;ntary 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 cocoi

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 capithlizcd value of the agricdl-

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

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

marketinp 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
policios, the study will draw some limited policy implications for

the Nigerian cocoa ecohomy.
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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 government 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 extehsions 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
‘mgrketing channels and food distribution system. In order to effece

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 indﬁstrial 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 (gyown in the North), rubber (Midwest), and oil palm (through-

“out the South).
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Mo#t of the cocoa produced in Nigeria cdmés'frbm 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 und 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 exnort carnings from
palm o0il and palm kernels totaled £13.8 million; groundnuts £46.9
million; and rubber k6.5 million. The annual average output of cocoa
from 1963-67 is about 212,000 long tons (;ce Taﬂlc 2.1). Total ex-
port duties, producer sales tax and marketing board trading surplus
collected from the cocoa sector in 19¢7 amounted to &7 million,

k.9 million and £12.7 million, respectively (sce 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 o cocoa and 2 acres
of food, Although there is now increasing cvidence and concern that
the distribution of landholding size and income level among the cocoa

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



TABLE 2.1.--World Price, Producer Price, Export Quantity and Cocoa Earnings, Nigeria, 1953-1967.

Year World Price Preducer Price Export Quantity in Export Earnings Percent of Total

Export Earnings
N &/long ton N &/long ton Thousand long ton £ Nmillion

1953 240.0 170.0 104.7 24.9 20.0

1954 392.0 170.0 98.4 39.3 26.3

1955 286.0 200.0 88.4 26.2 19.7

1956 208.0 200.0 117.1 24.0 17.8

1957 208.0 150.0 135.3 24.0 20.3

1958 306.0 150.0 87.7 26.7 19.7

1959 272.0 150.0 142.8 38.3 23.4

1960 208.0 160.0 154.2 36.8 21.6

1961 127.0 112.0 183.9 33.7 19.4

1962 158.0 100.0 194.7 33.4 19.8

1963 168.0 105.0 174.6 32.4 17.0

1964 176.0 110.0 196.8 40.1 18.7

1965 120.0 120.0 255.3 42.7 15.9

1966 136.0 65.0 190.2 28.3 9.3

1967 184.0 90.0 244.3 54.7 20.2

Sources: Eicher and Liedholm (1970), Kriesel (1969), and Olatunbosun and Olayide (1971).

1A



TABLE 2.2.--Export Duties, Produce Sales Tax, Trading Surplus and Administrative Expenses of Western
Nigerian Cocoa Export, 1953-67.

Export Duties

Produce Sales Tax

Board's Trading

Estimated Total

Surplus Expenses
Year % of % of % of % of
N E million | Expected| N & million | Expected| N & million | Expected | N & million Expected
; Income Income Income ’ Income
1953/54 11.47 29.22 0.39 0.99 5.62 14.31 1.86 4.74
1954/55 5.57 21.28 0.33 1.26 5.03 19.21 1.90 7.26
1955/56 3.84 16.01 0.42 1.75 4.17 -17.38 2.47 10.30
1956/57 3.22 12.37 0.51 1.96 1.27 - 4.88 2.94 11.29
1957/58 4,15 15.92 0.29 1.11 4.92 18.88 1.77 6. 79
1958/59 7.50 19.59 0.53 1.38 7.83 20.45 2,87 7. SOi
1959/60 5.48 14.90 0.59 1.60 1.10 2.99 3.13 §<51ﬂ
1960/61 3.94 11.68 0.73 2.16 3.75 -11.11 4.01 1ii89-3
1961/62 3.20 9.60 0.76 2.28 3.16 9.48 4.52 13.55
1962/63 2.91 8.99 0.76 2.35 1.33 4.11 3.79 11.71
1963/64 5.13 12.79 0.79 1.97 3.75 9.35 4.15 10.35
1964/65 3.87 9.06 1.02 2.39 6.42 15.04 5.55 13.00
1965/66 2.29 8.10 0.72 2.54 1.79 6.33 4.96 17;55, f
1966/67 7.00 12.80 0.90 1.65 12.69 _| 23.21 4.99 9.13
- Sources: Eicher and Liedholm (1970), Kriesel (1969), and Olatunbosun and Olayide (1971).

7N
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fprénQuncednor inequitable as the Latin America latifundigvand 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 y
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, yaﬁ, 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 tra&ing 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.ecoriomy is confronted with two major
_problems.  The first is the relatively low producer prices, compared
ij:Wh?t the economy nets for the exports in the world market. It is
géﬁéféily agreed that the low producer prices may have a de‘p'reséi.ng;-l
>éffect on output and in the longer term, may discourage many of thé
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
'ingrease the cocoa farmers income, the goQérnment is presently

) 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 treecs 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 vield
declines to 800 pounds per annum. Although the trees do mot produce
any cash income during the gestation period, the asset value of the
1and with the trees appreciates because of the potential income
_ geherated from the trees. The asset increase in turn may increase
" the farmer's collateral for credit. The cultivation of cocoa trees
and other perennials i; a very important, although often ighorcd or.
_underplayed, means of capital formation iﬁ economic development.

i~Th§;br1mary inputs of the capital formation are the\fa;mqrs‘
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. uncu1t1vated land househﬂld labor (whose opportunity co§t may be
‘jvery low) and some purchased 1nputs 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 agr1cu1ture is a
relatively efficient and fairly effective tool for allocating
| resources between the agricultural and nonagricultural sectors; and
gmong-the'var1ous crops and other agricultural economic activities.
-Barring aﬁy instituﬁiQhai and technological constraints, resources
onld generally be allocated and reallocated to the sector and the
commodities whose relative returns are highest and increasing.

In order'to generate reyenue 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 econSmy, the price policy directly.
andfindiréctly.affects the income and welfare of nearly all the
farmers in the region (through the linkage and multiplier ef?ects).

Hence the proposed changes in the government revenue and f;
mhrketing board producer pricing policies would have wide revérberé;i
tions in the cocoa economy. The final impact of the price chgﬁgcﬁfpn;
the eéonomy can Sé;divided into (1) the cdcoa farmers ' short-tefh’:

Id

and lung-term price responses in output and outbut capacity, (2) the
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"effects on the sector's food producfion and:éphéumpfibﬁ;ﬂfsj;¢ﬁgngés'1
in the farmer's nonfood consumption and savings‘patterh“tesulfing‘““
from thé price and subsequent output increases, and (4) govéthmént

revenue and marketing board trading surplus effects.

‘Coéoa Qutput Effects

i‘ The output responses caused by a produ¢er§priéovincrease’can
‘be'categorized as short, intermediate, and IOng-terﬁ according to the
‘time-lag adjustments and the additional resources commitment neces-
sary to bring about the changes. A short-term output response would

Y

be for cocoa farmers to increase their output in the same year because

of a highesr prevailihg 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 respcase 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 nrcVailing 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 rchabilitation 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 gutput capacity by either planting new cocoa trees or‘rcplnnting
their present lower-yielding trees (according to their resource endow-

ment), as a result of the prevailing favorable price.
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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 éhanges 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 responscs. 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, managerialﬂcapabilities, farm size,‘and resource
endowment. Since not all the farms are of the same size or have
trees of the same productive age, increaces in the producer cocoa

price would probably benefit the larger farms more than the smaller

farms, and farmers with producing trees more thun farmers whose trees
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igrggin%ges;gtiOn'brideclining in yield.'»Aliefhaﬁi?ely. some farmers
ﬂﬁ£; ﬁbé‘£éV¢‘thé-managerial capabilities, access £0‘suitable land or
‘E&ﬁmgﬁd over the additional information and financial resources
heeded 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, whercas
cocoa trees are percnnials. 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
featu;e 1s 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 cffect 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 ;nd cocoa are independent and unrelated, the increase in cocoa
producer price has little effect on food output (Okurume, 1970).

Depending on the total equilihrium 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 decrcase, the market price of
food may increase. - The change in food price al;o 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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‘;bﬁitern'of durables, nondurables, and services, Earlier, we have dis-
 ¢u§sed the output-investment effects, where the producer price in-
‘W;rease may induce the farmers to invest further in production by‘
either harvesting more of the cocoa crop in the sams 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 totﬁl 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 clasticity may be positive if the quantity elasticity is
sufficiently positive and offsctting. 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 decroases 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
;cquisition and salvage value. The only way to recapture the invest-
ment is to continue producing, as long as the marginal returns arc
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 frem the fluctuations of the world prices through the trading
surpluses' operation.

in recent years, the operations of marketing boards, t“¢

marketing system and its licensed buying agents and sub-agents “"Jb
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the producer pricing policies have been critically diséusscd'and
evéluated in the literature. Among these arc Hellicner (1968),
Kriesel (1968), Johnson et al. (1969), Essang (1971), and Tdachaba
(1972). More recently, the Intérnational 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 cffective channel of
economic development if they are reinvested directly within the
cocoa sector.

Thus, the future of the cocoa proéducer pricing policy depends
crucially on how the roles of the marketing board arc viewed and
defined. If the marketing board is viewed primarily as a fiscal
agent of the government, the criteria to evaluate its role arc
(1) its effectiveness in gencrating revenue for the public treasury,
(2) its distributional cquity on the producers, and (3) its adminis-
trative efficiency when compared to alternative forms of taxes.
However, if the marketing board or its succced'ng 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 lovels of support, should the government invest in?,,

or at least provide the leadership and coordination? Such o
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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
Cocna 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 include; the éovcrnmcnt'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 gencrous 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 more than smaller farmers and those with
trces in gestation or declining in yield. Furthermore, it would not
Benefit nonproducers and may cven affect them adversely, if the
producer increasec causes the price of other commodities to increase.
Nevertheless, the increase in producer price causes the asset value
of all the cocoa land to increase, .

On the other hand, since there is a considerable amount of
input substitution in agricultural production, the benefits of
input subsidies depend on farmers uctuall& using the input, and a
resultant output increase. The government could do little to prevent
- farmers from using the subsidized fertilizer or machinery earmarked
for one commodity on another whose returns arec perceived to be higher.
Farmers might even sell the subsidized fertilizer for cash, rather
than use it. Furthermore, final adoptibn of the new technology
depends on the availability of other complementary inputs. Thus, it
may be necessary for the government to introduce a package program
rather than to subsidize one particular input. Vory often, low
supply 1evels or the lack of effective demand by the farmers for the

other complementary inputs may prevent them from taking advantage of
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the reduced cost of £he subsidized input. For example, farmers may
not purchase or use spraying equipment even though it is subsidized,
since additional labor has to be hired at the relatively high pre-
vailing wage rate to operate the machinery.

From a program administration viewpoint, the manpower re-
quirement and the financial costs of the two policy instruments also
differ. At this juncture, the Western Nigerian Cocoa Marketing Board
is responsible for the fiscal role as a tax-collecting agency; the
étato Ministry of Agriculture and the propo: d government-sponsored
credit cooperatives are responsible for the production campaigns.

The immense problems of organization, coordination, and cooperation
necessary for the cffective implementation of the two-prorged
developmental strategy should not be minimized. These administrative

linkages are essential for the expected changes to occur.



CHAPTER I1I
_‘THE’WESTBRN NIGERIAN COCOA SYSTEM SIMULATION MODEIL,

Introduction

Since the Nigerian Agricultural Simulation Model has been
described more fully in the report by Manetéch et al. (1971) (to
which the author contributed as a team member), this chapter shall
describe the major componcnts of the Southern Regional submodel as
they relate to the cocoa.policy experiments. There are two dis-
tinguishiﬂg computing features betwcen the models used in this study
and in the studies by Manetsch et al. (1971), and Olayide et al.

(1972). First, the exclusive focus of the present model is on the.
Western Nigerian cocoa industry instead of on all the other eco-
logical zones in the South and the rest of the nation. Consequently,
the policy entries and performance indices of 4his study are sector-
specific. Because of its exclusive focus on the cocoa ecological
~zone, the projected outcome éf the performance indices differ
slightly from the projected outcome that assumed the simultancous
implementation of agricultural policies in the other sectors.

Second, we present for the first time the computing mechanisms
and rationale for a rudimentary, producer price guarantee (recom-

mended by CSNRD) which was not considered in previous studies. Cocoa

38
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fa;Tgrs would be paid a predetermined minimum floor price should
»tﬁ;;r cocoa price (after accounting for the various taxes and
handling costs, which are subtracted from the world price) fall
below the level. The payment would come from previous accumulated
marketing board trading surpluses or other government revenue sources

The Nigerian Agricultural Simulation Modell consists of the
Northern Regional, Southern Regional, and the Nonagricultural
National Accounts submodels as we can see in Figurc 3.1. Based on
its ecology, Nigeria is divided into the North and South with the
former consisting of the six northern states and the latter, the six
southern states. The ecology of the North ranges from Savanna to
desert, and the South ranges from rain forest to intermediate
Savanna. Consecquently, the commodities' grown and the economic
activities in the two regions are different.

Each region is divided further intq its specific ecological
zone with distinctive agricultural characteristics. As is evident in
Figure 3.2, the South is divided into the food, cocoa-food, oil-palm-
rubber-food, and oil-palm-food ecological zones. The particular
concern of this study is the cocoa-food zone which covers all of the
Western State (with the exception of Egbada, Oyo, and Okitipupa
Divisions) and the Afenami Division of tﬁe Midwestern State.

The Northern and Southern Regional submodels are similar in

their basic structural components and computing functions. The basic

1For complete description of the various submodols, see
Manetsch et al. (1971), Abkin (1972), and Byerlee (1972).
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ffeatures (1) a110cate land according to ‘the profitab11itles the
ifarmers perce1vo for the various commod1t1es subJect to the land
ilabor, and capital input constraints, (2) calculate the vield,
output responses, the amount of the produce that is consumed in the
houschold, marketed, and exported; (3) provide the policy instrument
‘linkages; and (4) gonerate the performance criteria to evaluate the
impact of alternative agricultural policies (see Figure 3.3). 1In
nddition,"the population component of the model simulates the birth,
death, and migration rates of the populationéof the two regions by -
tholr age-sex cohorts; and the market and inter-regional trade
component moue¢ls the regional demand, supply price, and shipment of"
food.

The Southern Regional Submodel with Special

Reference to the Western Vlgcrlan
Cocoa-Food Ecological Zone«

The Southern Regional submodel has the capability of simu-
' iatingffrom one to all four of the commodity ecological zones. Since
tho particular concern of this study is to adapt the major analytical
features of the Southern submodel to conduct policy experiments of
the cbooa industry,vthe following discussion will focus on the cocoa
Necological zone, The»funotions and linkages of the analytical com-

ponents are shown in Figure 3.4,

. The author is indebted to Michael iI. Abkin for para-
phrasing from his thesis. For a complete description of the
Southern Regional submodel and its components, see Abkin (1972) .
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According to Abkin (1972), the data used in the model falls
into three categories: system parameters, technological coefficients,
and initial conditions. System parameters are primarily parameters
which reflect the behavioral characteristics of the system being
modeled, and along with the structural equations, define the system.
Little data exists for most of the behavioral system parameters since
field research necessary to estimate the coefficients has not been
conducted. (Moreover, their estimated values depend on the conceptual
framework and the research methodology used to obtain them.) Conse-
quently, many of their values in the initial stage of model building
and testing were educated guesses based primarily on published sources
and interactions with knowledgeable Nigerian and developmental
economics experts. Despite the uncertainty of their actual values,
system parameters play an important role in the validation of the
model in time-series tracking and sensitivity analysis. Sensitivity
tests conducted by varying the values of the parameters showed that
some of them have little affect on the projected outcome of the model,
while in others, the projected outcome changed appreciably. Some
examples of the system parameters used in the model are the land use
profitability response and profitability discount rates.

The technological coefficients of the model are primarily the
production figures used to computc the profitability of food and
cocoa (see Table 3.1). The values of the initial conditions in 1970
(the base year of the present policy experiments), are based on the

estimated values of the model from 1953 to 1965, projected to 1970,
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The &alues of these Qariables change as a function of the simulated
tihe during the course of a run, and must be reset at the start of
each run. Some of the more important variables and their values will
be examined in greater detail as they oaccur in the following dis-

cussion of the major computing components of the model.

1. Land Allocation and Modernization Components

The two major commoditics grown in the West are (1) cocoa,

a tree crop cultivated mainly for cash and the export market, and
(2) a composite of food crops, annuals or bicnnials, cultivated both
for houschnld and the cash food market. In order to make the analy-
sis more tractable, the study lumps all the major staples into a
food composite class, and further assumes that their reclative weights
would remain constant in the future with no change in consumer
preference or production patterns. The weights used to compute the
food composite yield, caloric food value and input requirements are:
yam = ,315; maize = .278; cassava = .310, and cocoyam = 0.097, based
on estimates by Phillips (1Y64), Ilori (1967), Gusten (1967), Thodey
(1960), and Yaghoobi-kahmatabadi (1971). The caloric yield of food
is calculated to be 827 calories per pound.

The major purpose of the agricultural system simulation
model is to analyze the long-term developmental implication of the
aggregative economy under alternative policies and behavioral
assumptions. In order to do this, two simplifying analytical as-
sﬁmptions arc made. First, the basic unit of analysis is an acro

of land with a given homogenous production function, where the
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proportion of the inputs used are fixed and nonsubstitutable even
should their factor costs change within the year. The aggregate out-
put from the cocoa land and food land in the sector are obtained by
multiplying the respective acreages by their unit values without con-
sidering explicitly the internal cconomy of scale of production that
may exist within cach farm-firm. 1In reality, the aggregate cost
curve may not be horizontal or perfectly elastic, but rather U-shaped.
However, since our primary interest is in the relative differences of
the projected outcome under different policy alternatives, and not
the absolute values of the projected outcome, this assumption may not
be very serious. Short of segmentizing the industry by farm size and
resource endowment to find the weighted averages, we cannot ascertain
whether the present conceptualization of lincar relationships reflects
an upward or downward bias of the true values.

Sccondly, the basic unit of time jn the conceptual model is
one year. No explicit consideration is given the seasonal fluctua-
tions of food prices, the intra-annual supply and demand for short-
term agricultural credit, and the monthly distribution and varying
demand of agricultural labor according to the production cycles of
cocoa and the food crops. To consider the farmers allocative decision
using a smaller discretized time unit of less than a year would in-
crease the model's computations considerably. Tnstead, the annual
values of the production functions arc averaged to account for the

intra-annual variations.
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Cocoa Trees

The cocoa trees are first divided into the traditional and
modern streams whose major differences are in their biological yield
capabilities, secondary growth attributes, and their managerial and
cultivational practices.

The traditional stream is further divided into the improved

and the unimproved substreams to distinguish the yield and culti-
vational practices. The improved-traditional substream coﬁsists of
the traditional, lower-yicld Amelenado trees which use improved
cultivational practices. Their output level is higher than that of
the unimproved traditional trees. The unimproved-traditional sub-
stream would be the Amclenado trees cultivated and managed by
traditional methods. Their production coefficients are shown in
Table 3.1. In 1970, the basc year for the cocoa policy experiment,
the total acrcages under the improved - traditional and unimpioved-
traditional substreams (based on the model's projection from 1965)
are 1.55 million and 63,000 acres. Because of the rchabilitation
programs carried out by the government in the 1950-60s, most of the
farmers have adopted improved cultivational practices.

The modern stream is divided into the replanted and newly

planted substrcams. The former consists of the higher-yielding Upper
Amazon trees which are rccommended to replace the lower-yielding
Amelenado trees. The latter consists of the Upper Amazon trees to

be planted in land presently in food or bush. As scen in Table 3.1,
vthe out?ut, establishment and production requirements of the two

substroams differ. The yield from the newly planted trees is
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TABLE 3.1.--Average Annual Yield and Input Requirements for Traditional

and Modern Cocoa Production Per Acre b

y Age-Cohort,

aDoes not include harvest labor.

mah-days/lb.

Nigeria.
TRADITIONAL
Age
Streams

0-6 | 7-13 | 14-28 | 29-42 | Over 42
Yield Improved 0 300 525 350 175
(1b.) Unimproved 0 250 350 250 100
Labor Inputa Improved 40 20 18 18 6

" (man-days) Unimproved 25 12 12 12 6
Materialsb Improved .0730 | 10.4 16,3 16.3 16.3
Input Unimproved 0 0 0 0 0
(1bs.)
MODERN
Age
Streams

0-3 | 4-11 12-32 | 33-40 | Over 40
Yield New Planting 0 600 950 850 750
(1bs.) Replanting 0 500 850 750 650
Labor? New Planting 60 33 42 42 42
(man-days) Replanting 80 33 42 42 44
Materialb New Planting [.0730 210 296 296 296
(1bs.) Replanting 165 | 10.4 | 16.3 | 16.3| 16.3
Sources: Abkin (1972), FAO (1966), CRIN (1972).

llarvest labor is .0117

bComposite materials including chemicals and fertilizer,
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generally considered to be higher than that of the replanted trees
lbecause the soil where the replanted trees are cultivated is more
depleted, and thus agronomically less suitablé. Similarly, the cost
of establishing an acre of replanted trees is also higher because of
the additional labor required to fecll the existing treces before the
replacement trees can be planted. On the other hand, labor required
to clear the bush land or food land for the new trees is much lover.
The operating and maintenance costs per acre for trees of the two
substreams, however, are assumed to be the same. Finally, the
government may also have to build better roads to the agronomically
suitable bush land for the new planting whereas most of the replanting
would occur on farms already established. In this study we shall
assume that nonecﬁ'thehigher-yieldiné trees were present at the
beginning of the experiment. However, this is not entirely true
since some of the more innovative farmers had replaced their trees

with the Upper Amazon variety in the 1960s.

Food Land

The food land is also divided into traditional and modern
substreams, each with its own separate production functions. The
output per acre of the traditional substream using approximately
100 man-days labor is 6,550 pounds. Based on the model's projections
from 1965, the total food acreage in the sector in 1970 is 1.03 mil-
lion acres. Although there is no modern food production sector in
Western'Nigeria at present, this featurc is built in to test the

possible effects of a food modernization program on the economy.,
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2, Allocative Decisions of Land Use Component

TBis component presents the economic rationale and motivating
mechanisms that govern the farmers allocative agricultural decisions
for land use. As we have discussed in Chapter II, it is postulated
that the rate of land use expansion and contractjon deponds primarily
on the outcome of the interactions among the farme.s' social and
economic attributes, resource endowments, and their responses to the
marketing board producer price policy and the government production
campaigns. In addition to the expansion that is caused by the
deliberate allocative decisions made by the present farmers, agri-
cultural expansion also occurs as a result of new agricultural
decision makers from the increasing population. However, based on a
more detailed analysis of the profcctediresults of the present policy
experiments, the rate of land use expansion resulting directly from
the population increase accounts for less than one percent of the
total projected agricultural expansion. This figure may indeed be
reasonable if we assume a net outflow of young rural people away

from agriculture.

Econompic Decision

" The major factors that determine the farmers' long-term
output capacity agricultural land use expansion are (1) perceived
relative financial profitabilities of each alternative, (2) pro-
motion and diffusion effects of the production campaigns in reaching
the farmers, and (3) availability of land, lnbor, and capital for

the expansion,
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Relative Financial Profitabilities

First of all, the economic decision to expand their agri-
cultural land use depends on how farmers perceive the relative
financial profitabilities when compared to the present use. The
viable production alternatives are (1) for land presently in tradi-
tional cocoa: the higher-yielding Upper Amazon trees, (2) for land
presently in traditional food: Upper Amazon or modern food, and
(3) for land presently in bush land: traditional cocoa, modern
cocoa, traditional food, or modern food. The perceived relative
financial profitabilities in each acrec of land are obtained by com-

paring the net discounted present value of the various alternatives.

In turn, the net discounted present value is obtained by summing the
]

difference between the expected annual revenue and annual cost over

the planning horizon disccunted to the present period for comparison,

The discount rates used to compute the present value of

future returns are behavioral parameters which vary for cgch produc-
tive alternative in order to reflect (1) the farmers differential
time preference for food crop (which has a shorter growthvcyclc and
financial turnaround time) over cocoa, a perennial (which has a
relatively long gestation, and therefore a lonper payoff period),
and (2) the varying risks in cach alternative. For example, future
‘returns from the present cocoa trees nced only be discounted for the
time preference whercas future returns from the replanted trees

must ‘account for both the time preference and additional risks the
farmers perceive in planting. The rates used to discount the future

returns of the various production alternatives to the present peried
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are: 3 percent per annum for the present land-use, 6 percent for
cocoa replanting, and 7 percent for new planting.

The annual total revenue in each production alternative is

obtained by multiplying the annual expected output by the producer

price farmers expect to receive for the commodity. The annual total

cost is the sum of all the costs used in the production of the com-
modity, including hired labor and materials (such as chemicals and
seedlings), and the amortized cost of the fixed inputs (such as tools
and spraying equipment).

In this study, we assume that S percent and 20 percent of the
total labor required to produce food and cocoa are hired. The wage
rate (increasing at 1 percent per annum) in 1970 is assumed to be
5 shillings per man-day. Analytically, we would have expected the
noninclusion of the houschold labor in computing total production
costs to htve created a bias in favor of the more labor-intensive
crops by making their relative profitability higher. However, sub-
sequent sensitivity tests which changed the values of some of the
model's paramecters (including increasing the total labor costs to
account for thec houschold labor cost) did not appreciably affect the
rate of agricultural land cxpansion. Instead, as we shall sec, this
rate of agricultural land cxpansion is governed primarily by the
threshold responsc value. Hence, the main rationale for dividing
labor into household and hired labor is to account for the wages
that are paid to agricultural workers. These wages are used to

computé the annual total cash income accrued to the sector.
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" Communications Effects

In this study, we have conceptualized the rate of agricultural
expénsion to depend also on the communication effectiveness of the
government production campaigns which can be divided into the direct
promotional effects, and the indirect diffusional effects (Rogers,
1962). The effects of the first group would be the expanded acreages
that result directly from the government production campaigns. The
effects of the second group would be the expanded acreages that re-
sult with a time-lag from the demonstration effects emanating from
the first group. The communication inputs of the production cam-

paigns are informational units expressed in extension agents equivalent

to show that there are other equally effective combinations of media
and channels. These might be radio forums, printed materials and
other audio-visual aids that can disseminate the new information pro-
moted by the production campaigns. Hence, a more effective promo-
tional program of the production campaigns, pfovided other conditions
are positive, can increase the rate of agricultural expansion.

Availability of Suitable
Agricultural Land

Although there is no shortage of suitable agricultural land
for cocoa and food expansion in Western Nigeria, the effective land
available would probably be limited for the following recasons. First,
the human settlement pattern, economic infrastructure, and other
;upporqing social services in the region are not uniformly distrib-
uted. It is highly unlikely that many cocoa trees would be culti-

vated in the sparsely pupulated Ondo Province in the foresecable
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- future, regardless of agronomically suitable land there, unless a
major investment in infrastructural development is also underfaken.
Second, the allocative decisions between food and cocoa
production among the Western Nigerians at present, and in the fore-
seeable future, would be such that no matter how financially profit-
able cocoa production may be compared to food, not all the food land
would be reallocated for cocoa. In the aggregate, the farmers would
always allocate at the outset a proportion of their total land for
food production for the household in order to spread their productive
risks. This subsistence proportion may vary (as we shall see in the
discussion on the agricultural production and marketing component) if
other food marketing conditions are met., Nevertheless, it islclcar
that not all the potentially suitable land now in food production
would be converted to cocoa production. Finally, the Nigerian
farmers would always reserve a proportion of the bush land in food
fallow. As good available agricultural land decreases, the cycle of

the food fallow may shorten and the land-us¢ intensify.

Transitional Responses

Changes in the land use pattern reflect farmer responses to
the perceived profitabilities of the relevant production alternatives.
The assumption is made that the most profitable alternative is most
likply to be chosen first, and so on in order of decreasing profit-
ability. We have combined the effects of the perceived protitability
and thé comnunication effects into a profitability response function

which determines the amount of land that an information unit¢ can
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v*reach per year for land use conversion according to the relative
'jprofitabillty of each production alternative. In Figure 3.5, the
'y-axis represents the maximum number of acres (exﬁressed as a propor-
t;on)‘which an‘informational unit can reach as a function of a given
;;lgtiﬁe profitability. Althoughvthe maximum proportion is 1.0,
éhere afe generally other interacting constraints, such as effective
'lgnd evailability whose net effects reduce the attainable maximum.

(Thei}ates of farmer responses to the relative profitabilities of

)

‘the relevant altcrnatives depend on the value of the threshold and
r;sponse rate paramecters.

The response threshold in the relative profitability axis is
'f0£éccount for the often observed phenomenon of farmers needing a
}safoty margin as a buffer against added risks before adopting a
proposed favorable production alternative.

The investment decision threshold for each alternative
depends on (1) the relative importance of the productive asset in
ghc'farmers' financial structure; (2) the nature of the productive
asset and its cash inflow and disbursement profile; (3) the cost of
fihéncing the investment; and (4) the farmers' general attitudes
.tpuards government administration.

The following e#amples illustrate how some of these factors
influence tho values of the response threshold points. If cocon
production is a major source of farmer income, then replanting the

present trcos deprives them of the major income source for a rela-

tively long period during the gestation stage of tho new trces.
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Figure 3.5.--Diagram Showing Profitability Response Function in Agri-

cultural Land Reallocation Decisions.
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'Mqreqvet,_cocqa'replanting not only deprives the farmers of their
’mﬁjo?iincomé source, but also reqhires Qdditional financial outlay.
Hence, if the farmers have to borrow externally for the new produc-
tion alternative (either from private or public sources) they would
be reluctant to do so since the total investment costs must now
include the interests and other carrying charges, and the additional
risks from insolvency or foreclosure of assets that are offored as
collateral to secure the loan.

The cash inflow and outflow generated for food production is
quite different from cocoa production. The financial payoff period
or turnaround time of food production occurs typically within the
yoar, whereas thelpayoff period of trees generated from the cash
inflow derived from their output ?oes not occur until some years
after the treces' gestation stage. Furthermore, the elasticities of
transformation among food crops as annuals or bicnnials are much
greater than between food crop and cocoa, because of the partial
fixity or the less liquid nature of the latter's asset structure.

In the extreme case, should output prices decline, and farmers decide
to grow another commodity, the salvage value of the trees may not
only be very low, it may be negative since additional cost. is neces-
sary to remove the trees.

Finally, farmers typically tend to be more rcalistic (and skepti-
call) in evaluating the relative profitabilities by imputing their
own discount functions to further reduce the calculated returns. This
healthy ‘pessimism is based on past unfavorable experience with the
government extonsion service. Since they have to bear the major

burden of loss should the productive alternative rccommended by the
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gqyernment fail, they are naturally more cautious and financially con-
’gérvative. The response threshold values between land presently in
traditional cocoa production and modern (replanted) cocoa is 0.4.

This means that befo}c the farmers would replant their present trees
with the higher-yielding trees, the cxpected returns from the re-
planted trees have to be 40 percent greater than the expected income

from the present trees. The response threshold value between the

present food land and modern cocoa (new planting) is 0.4,

Capital and Credit Constraints

In order to compute the final land use allocation transition
rates, the response functions are constrained by the availability of
capital necessary for the production alternatives. The two major
sources or potential sources of capital in the cocoa industry for
agricultural expenditures are (1) savings from disposable income
(after accounting for consumption) within the sector that could be
channeled into investment, and (2) the increased credit or collateral
value from the increased capitalized value of cultivated land, which
in turn may increase the flow of capital, public or private, from
outside the cocoa industry.

However, there are two major caveats in this conceptualization
for the Nigerian context. First, there may not be any financial
institutions and intermediaries that can channel the capital flow or
appreciably mobilize the untapped financial resources inside or out.
side the cocoa-food zone for agricultural expansion. Although tho
sectorial aggregate accounts may show the income (after accounting for

production and consumption) to be positive, because of the skowed
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‘distribution of incomo and asset ownership within the sector, and the
outside linkages some of the larger farmers may have with the urban
sector, the net savings may be channeled into investments outside
of agriculture, rather than inside the sector. These investments,
such as urban housing, have higher and quicker financial réturns.
Hence, the potential capital source within the private sector of the
economy may not he effectively availaﬁle'to the majority of the
farmers for agricultural expansion.

Second, even if these financial institutions or mechanisms
exist, they are rudimentary because of the present limited scope of
their operations. For example, the actual credit extended to cocoa
farmers may be far below their collateral level; or conversely, the
costs of borrowing may be exorbitant and not reflect the attendant
risks of such financial transactions.

The demand for capital in any one year for agricultural ex-

pansion is the annual establishment costs required to maintain the
crop before production. The total demand for capital for each

alternative is then compared with the total capital available from
the two above sources, to determine the effects of the capital con-
straint. This finally determines the amount of land allocated and

reallocated tor agricultural expansion.

Asymmetric Response

In this model, we have also built tho mechanisms that would
detormine tho rate of abandonment of cocoa land that may result from

adverse cocoa producoer prices. The abandonment would begin to take
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place if the current returns are negative, and the remaining ex-
pected profitability from the trees is below an abandonment threshold

level (see Figure 3.6). The abandonment threshold level of the cocoa

trees (analogous to the investment threshold level) depends on the
farmers behavioral characteristics, financial attributes, and the
alternative uses of the present resources of land, capital, and labor.
The abandonment rate would increase up to a predetermined maximum as
the profitability continucs to fall, The values of the threshold

and abandonment points (which attempt to capture by proxy the far-
mers' investment and disinvestment decisions) are not symmetrical.
Their values, together with the values of the positive response and
abandonment responsc rate, depend on the computed relative profit-

|
ability of the commodities.

3. Agricultural Production and
Marketing Component

This component determines (1) the amount of food that is
produced and consumed within the household and sold and purchased in
the market; (2) the amount of cocoa that is produced, marketed,
exported; and (3) the agricultural input rcquirements and some of
the major cconomic performance indices used to evaluate the cocoa
economy.

Determination of the Subsistence
Level of Food Production

- The amount of food produced and consumed in the sector de-
pends on the interactions between the effective demand and rosponsive

supply of the food market. Nigerian food prises fluctuate daily and
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seasonally because of the weather's effects on production, and in
the longer term because of the ineffectiveness of the cash food
ma;ket with its many intermediaries between the producers and con-
suzers. However, in this study, we are more concerned with the
annual food price behavior. The total staple food produced in the
cocca-food sector can be divided into the subsistence and the cash
focd proportions. We will assume that 80 percent of the food pro-
duced on farms is also consumed on farms. The rest of the food is
sold and purchased in the cash food market.

The degree the farmers would rely on the cash food market
is determined by the agricultural population's total demand for
calories, the stability of cash food prices, the food price level,
and the farmer's total cash income from cocoa. For example, if
arnual cash food prices fluctuates a gréat deal, it will increase
the farmers reliance on their own production to meet their consump-
tion. In addition, the reliance also depends on the ratio between
the value of the cash food consumed by the agricultural population,
and the total cash income farmers obtain from cocoa. Thus, de-
creases in either the market price of food or costs of agricultural
preduction, or increases in cocoa output or cocoa price would in-

crease¢ farmers reliance on the cash food market.

Annual Average Yield of Output

The three factors that determine the annual average yield of
food and cocoa are (1) the secular trend cffect as past experience,

imoroves farmer production methods; (2) the intermediate change in
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yield potential resulting from adoption of new, improved, culti-
vational and managerial practices in the preceding years, and

(3) farmers' short-term harvest response to the prevailing price.

The inclusion of the first factor is an attempt to model the
often-observed phenomenon where yiclds from established trees in-
crease in time as farmers, learning from one another and personai
experience, improve on their cultivational methods, without neces-
sarily adopting any new technology. The yield would thus move
towards its biological potential as a function of a time-variant
learning curve. Although the effect of the time-variant output in.
crease is very small, we have included its contribution in computing
the annual average yield of cocoa and food.

When farmers rchabilitate their present cocoa trees by using
improved cultivational methods,‘the output increase is often lagged.
For example, the use of fertilizer on cocoa trees does not increase
cocoa output in the same year, but a year late;, after which the
output-increase resulting from the initial fertilizer use begins to
decrcase unless fertilizer is applied continuously.

The most significant factor that determines the annual

output from cocoa trees is the short-term output response. This is

obtained by multiplying the ratio between the prevailing producer
price and the normal expected price (assumed to be the exponential
average of the past ten ycars' producer prices), by the exponential
value of the harvest response clasticity. In this study, the harvest
olasticity of cocoa is assumed to be 0.05. If the prevailing pro-

ducer price (the numerator of the ratio), is higher than the normal
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price (the denominator of the ratio), the price ratio wili be greater
”éﬁan one. Hence, the short-term output response, which is obtained
by multiplying the exponential value of the harvest elasticity, is
positive. If the prevailing producer price is much higher than the
normal price, the price.ratio is also larger. The consequent short-
term response for that year is likewise higher. However, if subse-
quent producér prices continue to remain high, the value of the
normal producer price in the denominator also increases, which in
turn, decreases the price ratio. The decrease in the price ratio
results in a relative cutback of the shert-term output responsc cven
though the producer price may still he increasing, as farmers regard

the higher price as '"normal."

Food and Cocoa Production

In computing food production, the component first calculates
the food land necessary to meet the subsistence demand of the agri-
cultural population. The remaining food land goes for cash food
production. Total annual.food production is the sum of the product
of the annual average food yicld per acre and the subsistence and
cash food acreages, and the amount of staple food intercropped be-
tween gestating cocoa trees. Total cocoavproduction is the sum of
the product of the average yield of the various productive charts of

the four cocoa substreams, and their respective acrcages.

Food and Cocoa Marketing

The amount of food sold in the cash food market is obtained

by subtracting the subsistence amount consumcd on farms from the
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'tdtai food output (after accounting for the food loss due to spoilage
and waste)l In tﬁis study, we shall assume the market loss factor
for food to be 5 percent, and cocoa to be 20 percent. Since the
domestic consumption of cocoa is very low, we assume that all the
cocoa produced (after accounting for the field loss) is sold. We
further assume that all cocoa sold is also exported within the same

year, with no government inventory.

Input Accounting

The component also computes and accounts for all the input.
requirements--land, labor, and material, and their respective costs
for food and cocoa production and marketing. In this study, we
assume that the supply functions of all the purchased inputs are
perfectly elastic and the inputs,are available at an average constant
per unit cost, with no constraints. This may not necessarily be true
in reality. The derived supply functions of the various inputs may
vary according to the amount produced and, with a time lag, the
demand's interaction. The supply functions of the inputs may even
be discontinuous if there are any institutional constraints or

market barricrs.

Output Accounting

Finally, the component computes the total annual income
generated from food and cocoa, and the capital formation accrued to
the agricultural 1and.

. The total income from food is obtaincd by adding the income

in kind for the food produced and consumed on the farm, and the
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income from the food sold at the farm-gate level in the cash'food
market. Since all the cocoa output is marketed, the total income
from cocoa is obtained from multiplying output by the producer price
in the prevailing year.

The capitalized value of agricultural land is obtained by

dividing the annual average returns in an acre of land by the pre-
vailing interest rate, which we assume to be 6 percent throughout

the planning horizon. The total capitalized value in the ecological
zone is the sum of the values of the total acreages. The approach
used to obtain the capitﬁlized value may be an oversimplification,
since it does not take into explicit account the differential income-
generating capacity of the cocoa trees of varying productive stages,
Nevertheless, it provides a very useful quantitative basis to account
for the capital formation in agricultural land which may result from
the expansion of cocoa and food acreages. In turn, the increase in
the capitalized value of agricultural land not only increases the
'wealth level' eof farmers but also the collateral value of their
assets, cnabling them to borrow more capital should they need it for
further agricultural expansion. It should also be mentioned thot

the capitalized value of an acre of agricultural land can be in-
creased by the increase in output, output pricc and decrcase in the
cost of production. Furthemmore, the change in the interest rate

in the economy affects the capitalized land value.

4. Price Generation Component

This component calculates (1) cocoa producer pricos from

wbrld prices which are specified cxtornally at the beginning of the
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pblicx experiment, and (2) the food producer and market prices which
q;e determined endogenously throughout the simulated time period of

”

" the planning horizon.

Cocoa Prices

The three relevant price functions in this study of the coco:
industry are (1) the world price which the economy gets for its
exports, (2) the market price which the marketing board gets after
accounting for the export duties and produce sales tax, and (3) the
producers' price which the farmers get after accounting for the
marketing board trading surplus and the administrative and handling
costs from the marketing price.

In this study, the world price function of cocoa is specified
exogenously at the onset. Ideally, the world price function that
Nigeria faces should include the dynamic interactions of Nigeria's
output in the world market because a relative increase in that out-
put may create an excess supply, thus decreasing the long-term world
price. The annual foreign exchange generated from cocoa exports is
obtained by multiplying the annual export by the annual cocoa world
price.

To simplify the analysis, we combine the export duties and
producer sales tax as government revenue, and further assume that
the revenue, marke#ng board trading surplus and the handling
charges are predctermined proportions of the world price and market
price of cocoa. According to the government revenuc and marketing
board stabilization policies, these proportions could also vary in

rates and time duration.



- Food Prices

The market price of fnod in the cocoa sector is conceptual -
ized to depend on the total supply and demand of the cash food
market in South Nigeria. It is calculated by using the price elas-
ticity (assumed to be -0.3) for the demand of food in all of the
region. On the other hand, the producer price of food is obtained
by subtracting the 70 percent assumed to be detained by the various
market intermediaries from the market price of food. We have not
attempted to model in detail a sector-specific food price determina-

tion mechanism.

5. Policy Entries Component

The model is built to provide a quantitative basis for pro-
jecting the likely consequences of (1) the government production
campaigns to encourage cocoa farmers to replant their relatively
low-yielding trces with higher-yielding trees, and newly plaht the
higher-yielding trees in land now in food or bush; and (2) changing
the government revenue and marketing board producer pricing

policies.,

Production Campaigns

The three basic analytical features in the production
campaign exccutive routine are (1) a time profile to show when the
program is first initiated, begins to reach its maximum, phases
out, apd terminates; (2) a budget profile to show the annual budget
and total budget appropriations; and (3) an intra-budget allocation

for administrative overhead and technical assistance and personnel,
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‘subsidy for inputs, and direct cash grant to the farmers in the

production campaign package.

Government Revenue and Marketing
Board Pricing Policies

As previously discusscd, the total taxes the government and
marketing board collect from the cocoa producers are the export
duties and producer sales tax and marketing board trading sur-
pluses. These we assume are predetermined proportions of the
respective prevailing world price and market price. The annual
gbvcrnment revenue and marketing board trading surplus are then
accumulated for comparison. These proportions, however, may be
varied, phased out, or cut off according to the government fiscal
policies.

In this study, we introduce a rudimentary guaranteed pro-
ducer floor price feature (recommenc.d by CSNRD), in which cocoa
farmors arc paid at least the floor price should the producer price -
(after accounting for the revenue tax and the a;cumulatcd trading
surpluses) go below that level. The guaranteed producer price of
cocoa is supported by previously accumulated trading surpluses., As
we shall see, this guaranteed price is especially relevant if future
world prices of cecoa are cxpected to be low and fluctuating., The
producer price guarantec opcrating from the accumulated marketing
surpluses may thus stabilize the farmers' annual income from the
fluctuations of the world price of cocoa, and increase their income

in the years when the world price of cocoa is low.
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6. Aggregative Sector Accounting Component

This corponent deteormines the total receipts, costs of pro-
duction, disposable income, consumption, savings, investment and
credit of the cocoa-food sector. In our description, we shall concen-
trate prizarily on arriving at the annual agricultural disposable
income per capita of the sector. This performance index is used to

evaluate the outcome of the cocoa policy experiments.

Total Receints and Expenditures

. The annual total receipts in the zone are obtained by adding
the incoze from the production of cocoa, the income in kind and cash
from food, and the investment in the form of loans coming from outside
the sector. The total cxpenditure by the sector includes the total
cost of production for the use of chemicals, biological materials,
and the amortized cost of cquipment, debt services and interest pay-
ments as well as cash food expenditures,

Agricultural Disnosable Income per
apita in Cocoa Sector

Total disposable income is obtained by subtracting total
receipts from total expenditures. Disposable income is further con-
strained to cover at lcast thc other major nonfood expenditures such
as housing, poll tax, children's school feces and festivals., Any
shortage of income is madec up by external borrowing., Finally,
sectorial per capita disposable income is obtained by di-iding the

total disposable income by the population which is assumed to increase



72

by 2.2 percent per annum.3 ‘It is obvious that per capita income would
be affected directly by the change in the rate of the population in-
crease. In this study, we are more interested in the relative changes
of fhe projected outcome under alternative government cocoa policies
than in the absolute values of the prbjected outcome., Thus, a dif-
ferent rate ¢ population increase would not appreciably affect the
relative order and values of the projected outcome unless the actual
population rate increasc is drastically different from the assumed
rate. Such a drastic incrcase would affect the fundamental, under-

lying conceptual framework of the model and analysis.

Model Validation and Testing

Before we present the cocoa policy experiments and their simu-
lated results in the following chapter, we shall discuss briefly the
validation tests conducted by the Nigerian Agricultural Simulation
Team. These tests determine how well the system model simulated the
rolevant behavior of the real system. In addition, we should view
tho present phase of policy experivents conducted on the cocoa cconomy
as part of the continuing process of the validation of the system
model, and its uscfulness as a tool of policy analysis and develop-
mental planning. The projected results of the model (using alterna-
tive policies) can be compared in terms of the reasonableness with
recoived cconomic theory, other empirical observations and the judg-

monts of cxperts on the Nigerian agricultural cconomy.

3For more information, see Chapter VI, "Tho Population Model,"
{n Manotsch ct al. (1971).
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There are threc major overlapping and reinforcing ways to
_-validate the model. The first methed (alluded to in £ho nho&e dis~
cussion) compares the structure of the model and its simulated out-
come using alternative assumptions about its behavior from experts on
the economy and other published secondary sources, However, this
process may be too personalized, judgmental, intuitive, and ratﬁer
difficult to replicate.

The second approach is more rigorous and concrete. Behavior
predicted by the model under various policy conditions can be com-
pared with what actually occurs as real time passes under the same
conditions. However, this approach is not very useful for policy
planning, since the purposc of the model is to project the possible
consequences of the proposed policy alternatives before they occur!
Nevertheless, when real time passes, the model can be tuned and up-
dated as an on-going process by comparing the simulated results with
the rcal world data. A complementary approach is to track the simu-
lated results with historical data from the real world which are not
used in the model-building process. The model can be tuned by track-
ing one or more time series of past behavior by adjusting (through
sensitivity tests) the values of certain system paramecters, or in
some instances, restructuralizing the computing mechanisms that govern
the modeled behavior. Time-series tracking and scensitivity tests, as
an interwoven process of model validation, require an understanding
of tho roal system and the simulation model in order to zero-in on
the moaningful paramcters and/or relevant structure for adjustments,

This allows the simulated behavior to conform to experienced behavior,
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Four sets of time Qeries (exports of cocoa, palm oil, rubber,
and market food prices) from 1953 to 1965 were used to tune the
Southern model with the goodness-of-fit measure. Goodness of fit was
one of the many possible criterias* used to determine the closeness
betwoen simulated and the observed real world data (see Table 3.2).

The goodness-of-fit is measured by the squared normalized
deviations between the observed real world data and the simulated
value in cach year of the four time series. Hence, the closer to zero
the squared deviations, the better the fit between the observed real
world data and the simulated data.

In addition, the author also compared the model's projected
total cocoa acreages from 1966 to 1995, using the values of the model
reperted in Manetsch ct al. (1971) with the projected acrcages con-
tained in the FAO study of the Nigerian cocoa cconomy. It was dis-
covered that the simulated projection of the total acreages (assuming
the same level of government expenditure on the production campaigns)
was unrcasonably high at 4.2 million acres in 1995, Hence, by ad-
justing the valuc of some of the model's paramcters, the projected
cocoa acreages in 1995 were reduced to approximately 2.7 million
acres, a much more rcasonable estimate. The readjustment was accom-
plished primarily by reducing the value of the acrcage presently in
bush that is available for new cocoa planting. The effect of the
roduction of the value is to set an upper limit in the rate of cocoa
acreage cxpansion.

'Finnlly. sensitivity tests, which identify the modol's

paramoters whose outcomes are most sonsitive to their value changes,



TABLE 3.2.--Tize-Series Tracking of Observed and Simulated Data of Nigerian Cocoa Exports, Palm
0il Exports, Rubber Exports, Market Fecod Prices (South), 1953-196S.

S

Cocca Exports alm Qi Exporss Rubber Exports Marke;ngggtgrice
Year (thous. 1bs./vr.) (thous., 1bhs./yrl) (thous. 1bs./yr.) (£/1b.)

Data Simulated Data Simulated Data Simulated Data Simulated
1953 233,463 249,393, 431,013 430,380, 47,622.0 57,217.3 .0100000 .0100570
1954 220,355 258,656 467,000 399,387 46,816.0 61,232.8 .0108300 .0100753
1855 188,045, 267,738 208,000 370,527 £3,051.0 74,560.9 .0120300 .0100857
1656 262,3578. 275,423 413,826 542,859 §5,453.0 78,923.7 .0151700  .0100660
1957 303,072 250,547 372,288 311,530 89,582.0 87,304.2 .0120800 .0101449
1958 186,331, 309,77 381,838 344,892, 92,301.0 ©6,39C.0 .00917CC0 .0102748
1958 319,872. 333,073 366,670 324,788 119,558 110,198. .0104200 .0108076
1960 352,073, 353,217. £13,726 319,404, | 128,193, 123,737 .0125000  .0108254
1961 411,964, 370,257 368,686 313,286, 123,574, 120,777. .0133300 .0108882
1962 436,020. 382,714 263,816 262,274, | 133,580. 127,519. .0137500  .0110317
1963 382,000, 413,623 252,240 253,238 141,431, 135,752. .01083090 .0112228
1664 441,280. 434,161. 320,160. 253,072, 161,435. 139,043, .0112500  .0114399
1965 571,200. 438,863 335,C00. 239,682, 152,038. 146,242, 0137500C .0116414

E:iagis .370350 .285954 .0985511 .336367

Source: Abkin (1972).
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can also be conducted to validate the structure of the model, Sensi-
tivity tests, as we have indicated in our discussion in the components
of the simulation model, play a very important role in model building
and validation. Since the validation procedure would generally
indicatc some of the major wcaknesses of the model requiring further
development and refinement, these two processes are intimately and
iteratively linked. Sensitivity tests on an individual or combina-
tion of paramcters cnable us to check the internal consistency of the
model against the thecoretical and empirical knowledge we have on the
ecbnom}. This is exemplified in the preceding discussion on the
effects of the reduction of bush land available for cocoa expansion
in future projected cocoa acreages. Based on the model validation
tests conducted by Manetsch et al. (1971), Abkin (1972), and the
author, the basic features of the Nigerian Agricultural Simulation
Model for policy experiments appear to be reasonably valid. Never-
theless, we recognize that the general process of model validation

s still judpmental and should be viewed as an iterative and ongoing

process of the model's development and application,



CHAPTER 1V

POLICY EXPERIMENTS ON TIHE WESTERN NIGERIAN

COCOA INDUSTRY: RESULTS AND INFERENCES

Introduction

The primary purpose of this chapter is to present the results
of the simulation experiments used to evaluate the proposed price-
income policy changes of the Western Nigerian cocoa economy. The
three basic sets of assunptions tested in the policy experiments are
(1) alternative world cocoa priccé, (2)‘nltcrnative government
revenue and marketing board producer price policies, and (3) povern-
ment replanting and new planting production campaigns. We shall
discuss the results and the projected time paths of six of the more
crucial performance indices of the cocoa industry for each policy
alternative. 7%he performance indices are (1) total output of cocoa,
(2) foreign exchange generated from cocoa exports, (3) disposable
agricultural income per capita in the scctor, (1) total and composi-
tional (modern and traditional) acreages of cocoa trees, (5) capital-
ized agricultural land value of the scctor, and (6) accumulated

government revenue and marketing board trading surpluses. After

doscribing the time paths, limited poilcy conclusions will be drawn,

7
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Since we are interested in the long-term developmental impli-
cations of the proposed government cocoa policies, the planning
horizon of the analysis extends to 1995. A shorter planning horizon
would not show the long-term cffects of the production campaigns
because of the relatively long pestation requirements of cocoﬁ trees,
and the communication lags in the production campaigns. To simplify

the analysis, 1970 is used as a base yecar for the policy experiments.

Expected World Cocoa Prices

Although it is beyond the scope of this thesis to forecast
world co.oa prices, the following three sets of world prices based
on Bateman (1971), and the fourth (constructed by the author) were
selected to illustrate their possible effects on the Nigerian cocoa
cconomy. These arc shown in Figure 4.1,

First is world price pattern "A' whosc annual price per long
ton of cocoa in 1970 is k260, rises to K280 in.1977, and then declines
to £169 in 1985, and remains there until 1995, This price set repre-
sonts the most likely world prices facing Nigerian cocoa exports. It
assumes that the world production of cocoa will increase at 3 percent
per annum up to 1975, and at 2.8 percent per annum after 1976, World
consumption, on the other hand, is expected to increcase at 3 percent
per annum.

World price pattern "B'" represents a higher price expectation
than "A." It begins at 260 in 1970, but rises rapidly to 1328 in
1980, remains at that rclativaly higher level until 1995, World

produétion is assumed to increise at the same rates as in "A."
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Figure 4.1.--Four Illustrative Scts of World Cocoa Prices
Usod in Policy Experiments on the Western Nigerian Cocoa Economy,
1970-1995.
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However, increase in world consumptior is higher at 3.5 percent per
annum, Consequently, world cocoa prices are cxpected to be higher.

World price pattern '"C" represents a lower world price ex-
pectation than "A." The annual price begins at k260 in 1970, rises
to 288 in 1975, and then declines very rapidly to %230 in 1985, and
romains alt that level until 1695, It assumes that world production
of cocoa will incrcase at 4.0 pcrcent.pcr annum to 1975, and at 4.5
percent per annum after 1976, However, world consumption will in-
crease at a lower rate, at 3.0 percent per annum, resulting in lower
world prices.

World price patterns "D," constructed Ly the author, repre-
sonts a cyclical worl! price behavior which begins in 1970 at k260,
increasces to k310 in 1975, declines to 4225 in 1980, and then in-
creases again to k305 in 1985. The cycle repecats itself for the
noxt ten years until 1995,

Governnent Revenue, Marketing Board Producer
Pricing Policies and Production Camnaigns

As indicated in Chapters 11 and IT1, prices farmers get for
their cocou arc generally less than the world prices. Export revenue,
producer sales tax, marketing board trading surplus and administra-
tive costs account for the diffevence. For simplification, we have
combined the first two as government revenue, and further assume the
revenue tax and the marketing board trading surplus arc predetermined
percentages of world and market prices respectively. In this study,
wo have incorporatcd a guaranteed floor price feature (recommended

by CSNRD), with farmers pald a predetermined minimum should the
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producer price (after accounting for the government revenue and
marketing and Handling costs) po below that level., The guaranteed
floor price feature is especially relevant if world prices are
expected to be low and fluctuating. The guarantee may thus stabilize
farmers' income and the capitalized value of cocoa land.

Government Revenue and Marketing Board
Producer Price Policics

The four basic scts of government revenue and marketing
board alternatives used in the policy experiment are (1) a status
qud policy with a relatively low tax rate bascd on 10 percent of
world prices and 20 percent of market prices prevailing throughout
the planning herizon; (2) a higher tax policy of 20 percent and
30 percent of the world and market prices at the beginning of the
policy experiment, which would be phased out lincarly over the
following five years; (3) the same higher taxes as in alternative 2
at the basc ycar, which would be cut off the following year; and
(4) the lower tax rates as in alternative 1, with the additional
producer floor price featurc guarantced at L168 per long ton.

Government Cocoa New Planting and
Replanting Production Campaigns

As indicated carlier, the Nigerian government is encouraging
cocoa producers to incrcase their output capacity by (1) replanting
their present lower-yielding ifmelonado trees with the higher-
ylelding Upper Amazon trees, and (2) nevly vianting the Upper Amazon
trees on land which is now in food or bush. In this study, we shall

assume that tho campaign begins in 1971, and that the total budget
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‘ailocated and financial assistance features for the new planting and
“yoplanting production campaigns are identical. The total govern-
ment budget for cach campaign is £25 million for the next ten ycars.l
The total cash grant for each replanted and newly planted acre is
€10; the biological materials and chemicals required for establishing
the trees are subsidi-ad at 50 percent of their market prices. The
study further assumes that tlie higher-yiclding Upper Amazon cocoa
trees would be adopted by the farmers only as a result of the govern-
ment production campaigns. This, however, is not necessarily true,
as we shall scc in our discussion on the simulated results,

The cocoa tax policies and production campaigns are now
comtined and grouped into five basic policy options. The first is a
base run which approximates the present policy, The tax rates are
relatively low with no government-initiated production campaigns.,

The next three runs compare the effects of ,the production campaigns
with varying tax features. In Run 2, the government initiates the
new planting and replanting production campaigns with the same tax
rates as in Run ). The tax rates of Run 3 and 4 are assumed to be
higher at the onset (1971), and cut off completely the following year
in Run 3, whereas in Run 4, they are phased out lincarly over the
next five ycars. The purpose of these two runs is to ccmpare the

effects of the short-term harvest and long-te.m output capacity

lIn previous studies reported in Manetsch et al., (1971), and
Olayide ct al. (1971), experiments using different combinations and
levels of finuncial assistance to cacourage farimers to adopt new
agricultural technology were conducted. According to the simulated
rosults, increases in the government expenditure yiclded diminishing
marginal recturns,
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~ expansion rusponses discussed in Chapter II, It is hypothesizcd
‘/théflthe output responses from the "dramatic" prodﬁcor price increase’
of Run 3 would differ from the gradual producer price increase of |
Run 4, The effects of the guarantecd producer floor price (proﬁosod
by CSNRD) are tested in Run 5. The tax features and the production ;
campaigns are similar to Run 2, except that in Run 5, future producer
prices are guaranteed at k168 per long ton.

Results of Policy Experiment Assuming Moderate
(Most Likely) Worlid Cocoa Prices

The world market and producer prices (after accounting for
the various tax, trading surplus, handling costs), and the guarauteed
producer price are shown in Figure 4.Al.

There are two interesting observations concerning “re pro-
Jected outputs of the five policy options as seen in Figure 4,A2,
First, the projected outputs of Runs 2 to § (with the product ‘on
campaigns) are in all cases greater than Run 1 (without the produﬁ-
tion campaigns). However, we should interpret the sisulated results
with caution. The projcsted cocoa output of Run 1 (without the puo-
duction campaigns) may in rcality be higher had we allowed farmers
to adopt the higher-yielding Upper Amazon cocoa trees in the abscuce
of the government-initiated production campaigns. Consequently,
the present conceptualization may have also created a downward bias
in the values of the subsequent performance indices of Run 1, when
.compared to the other runs which assumed the government-initiated
production campaigns. The obvious rescarch implication for future

policy experiments is to allow cocoa farmers to grow the
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336 b Run' 1 Low tax rates and no production
o r campaigns.
Run 2 Low tax rates and production
campaigns.
Run 3 High tax rates cut off in 1971, and
production campaigns.

. Run 4 High tax rates phased out by 1976,
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Run Definitions:

Run 1 Low tax rates and no production campaign.
Run 2 Low tax rates and production campaigns.
. Run 3 High tax rates cut off in 1971,
700 and production campaigns. Run 4
Run 4 High tax rates phased out by
1976, and production
campaigns.
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. " Figure 4.A2.--Total Projected Nigerian Cocoa Output uhdér~n_
Indicated Policy Alternatives Assuming Moderate (Most Likely) World
Cocoa Prices, 1970-1995.



hiéﬁéiQyielding'UpperjAmaion“treéslbUtsidé the putview of ‘the produc-
¢16n‘campaign mechanisms. .

Second, the projected annual cocoa outputs differ among the

four runs because of the farmers differential short-term and long-term
output responses, which result from the varying tax, trading surplus
and producer guaranteed floor price features of each run. However,
despite the different producer pricing policies of Runs 2, 3, 4, and
5, their projected outputs are very close. The apparent cluster can
be explained'by recalling (1) the farmers' allocative decision

~ mechanism for long-run output capacity expansion responses, and

(2) farmers' short-term harvest response to price changes--that
determine the annual projected output of each run.

While it is true that the average producer price of Run 3,
for example, averages about £20 (per long ton) higher than Run §
throughout the planning horizon, their discounted values to the base
period (and therefore differences) are much smaller. Since we have
conceptualized (1) the farmers' decision to expand their cocoa
acreages to be based on the relative profitabilities of their net
present value, and (2) the final cocoa land expansion to depend on
~ the threshold and response rate parameters, the resultant differences
‘of the projected cocoa acreages among the four pricing options are

very small. Recalling the land allocative mechanisms in the model,
we see that the effects of the producer price differences among the
price,aiternatives are minihized By the time preference discount
'}fates. and further reduced by the threshold and response rate para-

meters. As a result, the values of the threshold and response,rgte;u
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parameters become the dominant factors in‘defermining the final
projected cocoa acreages.

Because the annual cocoa outputs of the various runs depend
on their projected total and compositional cocoa acreages, their
projected time paths do not differ very much on an absolute basis.
Moreover as we shall see, the initial differences in the short-term
annual harvest responses resulting from the different producer
pricing policies are soon dissipated as the farmers begin to regard
their respective prices as "normal." Although the differences in
the various produce prices persist throughout the planning horizon,
the differences in the projected output from the cocoa acreages (re-
sulting from their short-term harvest responses) under alternative
pricing policies are comparatively small. Nevertheless, the relative
differences and ranking of the projected output are noteworthy.

In general, the annual output of Run 4 with the tax phase-out
feature is highest, followed very closely by Run 3 with the tax
cut-off feature. Superficially, we would have expected the output
of Run 3 to be always higher than Run 4, since the producer prices of
Run 3 between 1972 and 1975 are higher than in Run 4., This paradox
“can be explained by examining the dynamic nature of the farmers short-
term and long-term output responses to price changes. Given the
higher producer prices of Run 3 with the tax cut-off, the projected
annual output of Run 3 in the first four years, is higher than in
Run 4. However, the short-term output effects of the higher producer

;?ii;@Siéfa soon dissipated as the farmers begin to regard the
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relatively higher prices as normal. As we recall in our discussion on
fhe model's agricultural production and marketing component in Chapter
111, the farmers' short-term harvest response with price changes
depends on the ratio between the prevailing producer price, and the
exponentially averaged "normal" price of the preceding years. Thus,
with the dramatic producer price increase in Run 3, the exponential
average price also increases, with the net effect of decreasing the
price response differential, and thus, the farmers' short-term output
responses.

The higher producer prices of Run 3 in the initial years also
stimulated the cocoa farsmers' long-term output responses by expanding
their cocoa acreages. Due to the time-lag nature of the promotion
and diffusion effects of the production campaigns, the peak effects
of the campaigns initiated in 1971 would not occur until the late
170s. Hence, as secen in Figure 4.A4, many of the new trees in the
early 1970s are of the traditional lower-yielding'Amelonado variety.
On the other hand, the long-term output responses of Run 4, with the
tax phase-out feature, is such that the producer price increase
occurs concurrently with the full effects of the production campaigns.
Consequently, more new cocoa acreages in Run 4 consist of the higher-
yielding Upper Amazon trees recommended by the production campaigns.

The compositional differences of the long-term output re-
sponses botween Runs 3 and 4 manifest themselves in the projected
output of the 1980s when all these new trees come into production.
The higher projected output in Run 4 is maintained since the output

from the modern trees is much higher than that of the traditional
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varieties. Hence, with the exception of the first four years, the
projected output of Run 4 throughout the planning horizon is con-
sistently higher than in Run 3. The output of Run 5 (with the
guaranteed producer price of £168 per long ton) is higher than that
of any other run at first, since the producer prices of all the
other runs are below that price. However, the projected outputs of
Runs 3 and 4, surpass Run 5 after 1976. On the other hand, the pro-
jected output of Run 5 (with the guarantced floor price) is generally
higher than Run 2 (without the guarantee),

At this juncture it may be helpful to examine the reasonable-
ness of the simulated cocoa outputs based on the system model with
the econometrics approach, a procedure used frequently to estimate
(and project) output responses with proposed price and technological
changes. As we have indicated earlier, because of data limitations,
the estimating equations in past econometric studies on cocoa pro-
duction were formulated (and cventually estimated) in simple, causal,
linear and additive terms. No formal attempt was made to incorporate
explicitly the interactions, and the positive and negative feedbacks
that must exist among current output, output capacity, price and
anticipated technological changes. Since the cconometric approach
was empirically-based, it was methodologically difficult to establish
or validate statistically such complex interactions and processes
postulated in the system model of the present study. Hence, we shall

make the case that it is only within a dynamic system simulation and



90

cybernétic framework2 that these postulated interactions and feed-
vbdéis can be investigated. Furthermore, it is only within the system
framework that the close cluster and resultant steady-state equilib-
rium (homeostasis) of the various output projections, despite the
varying pricing policies of Runs 2, 3, 4 and § (with the production
campaigns), would appear logical and internally consistent. Because
of the negative, price-output feedback mechanisms3 in the system
model, the annual short-term harvest, output responses resulting from
the producer price differences of the various policies alternatives
are eventually dissipated, reaching--in time--steady-state
equilibrium (Boulding, 1972).

Nevertheless a fundamental question remains concerning the
realism of the model's projected cocoa output for the various price
policy alternatives (with the production campaigns). Under the
model's conceptualization, despite the producer price differences
among the policy alternatives, the projected cocoa acreages do not
differ considerably. Furthermore, because of the projected ciose-

ness of the cocoa acreages (based on the model's land allocation

2For more explication of the system view-of-the-worid
(Weltanschauvung), sce Boulding (1972), Forrester (1972), Laszlo
(1972), and Von Bertalanffy (1972).

3An example of a controlled positive feedback (established
in Manetsch et al. (1971) where the outcome combining the producer
price increascs and government production campaigns was syner-
gistically greater than the sum of ecach of the program if they were
promulgated independently. An example of an uncontrolled positive
feedback effect would be if the projected cocoa outcome resulting
from high producer prices was unstable and “"explosive.'" Hence,
to ensure that such an "explosive' outcome would not occur, the
projected output derived from the model also depended on the
availability of other resources (c.g., suitable agricultural land
and credit).




91

.mechanism), and the postulated short-term harvest resbonse mechanisms,
thé projected annual cocoa outputs do not differ appreciably.4 On
the other hand, received economic theory (and common sense) would
suggest a wider divergence among the runs (rather than the present
cluster) for the projected cocoa acreages and cocoa output. As such,
the present mechanisms for determining the short-term and long-term

output responses may be limited in capturing the farmers actual out-

put response behavior. Specifically, the land allocation mechanisms

may have to be modified such that the expansion rate of cocoa acreages
would be more sensitive to the differences and changes in producer
prices. Based on the present model, the effects of the producer

price differences on the long-term output responses are obscured by
the dominating influence of the threshold and response rate parameters.

Likewise, the present short-term harvest response mechanism

(which assumed that the initial output increase resulting from a
price increase would diminish with time) may have to be modified,

An alternative formulation may show that while the initial output
increase resulting from the price increase may eventually decline,
the final equilibrium level would be higher than the initial level.
The final equilibrium level of the short-term harvest increase should
therefore depend as well on the absolute level of the producer price
increase. By the same token, there is an upper limit (bounded by

the biological yield capacity and compositional acreages of the trees)

4For example, in 1990, the projected annual output difference
between Runs 2 and 4 is approximately 20,000 long tons (or 3 percent
of the average value of the projected outputs), and the difference in
their producer prices are £58 (or about 33 percent value of the
average value for the two prices). Hence, the crude composite output
elasticity is 0.01. .
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in.the short-term harvest response with producer price increases.

4

Thus, no matter how high the producer price increase may be in any

-

one year, there is an upper limit to its output increase. Conse-
quently we should interpret the projected results of the four runs
with the production campaigns with caution. The differences in their
projected output and output capacity may in fact be greater.

The annual foreign exchange generated from cocoa exports is

obtained from the annual output multiplied by the annual world cocoa
price. Thus, the relative order of the foreign exchange projections
under the five policy runs, shown in Figure 4.A3, depends on the
relative order of the projected output. Likewise, since the pro-

jected value of the annual agricultural disposable income per capita

in each run depends primarily on the itotal annual sectoral income
(obtained principally by multiplying annual projected output by
producer prices), the relative order of the five runs also corres-
ponds to the order of theoutput. The rapid decline of the agricul-
tural income per capita of Run 1 after 1980 is caused by the increase
in population without the commensurate increase in agricultural
production (see Figurc 4.A4).

From Figure 4.A5, we see that projected total cocoa acreages

in Run 3 are highest in 1995, even though projected output that year
is slightly lower than in Run 4. Since the higher acreages in Run 3
are due primarily to a higher proportion of the lower yielding
tradifional trees, the projected output in the latter years is lower.
Because of the gencrally lower producer prices of Runs 2 and §, their

projected cocoa acreages are also lower.
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Run Definitions

Run 1 Low tax rates and no production campaign.

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and production
campaigns.

Run 4 High tax rates phased out by 1976, and
production campaigns.

Run 5 Low tax rates with producer floor price

250l guarantee, and production campaigns.
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Figure 4.A3.--Foreign Exchange Generated from Nigerian Cocoa
Bxports under Indicated Policy Alternatives Assuming Moderate (Most
Likely) World Cocoa Prices, 1970-1995,
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.... Run Definitions

- Run 1 Low tax rates and no production campaign.

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and
production campaigns.

Run 4 High tax rates phased out by 1976, and
production campaigns.

Run 5 Low tax rates with producer floor price
guarantec, and production

100 b= campaigns. Run 3
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Figure 4.Ad.--Agricultural Disposable Income Per Capita in
Nigerian Cocoa Sector under Indicated Policy Alternatives Assuming
.Moderate (Most Likely) World Cocoa Prices, 1970-199S.
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Run Definitions

Run 1 Low tax rates and no production campaign.
Run 2 Low tax rates and production campaigns.
3.0/~ Run 3 High tax rates cut off in 1971, and
production campaigns.

Run 4 High tax rates phased out by 1976, and Total 3
production campaigrs. Total 4
Run 5 Low tax rates with producer floor Total 5
price guarantee, and Total 2
2.5k production campaigns.
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Figure 4.A5.--Total, Traditional and Modern Nigerian Cocoa
Acreages under Indicated Policy Alternatives Assuming Moderate (Most
" Likely) World Cocoa Prices, 1970-1995.



9%

The order of the projected capitalized land value in the

' ecologibgi zone in Figure 4,A6 follows very cioseiy the order of the
total and compositional acreages of cocoa land. The land value of an
acre of cocoa land (based on its amortized annual average returns)
is much higher than an acre of food land, so if the relative composi-
tion of food land in the total agricultural land changes, it would
not appreciably affect the capitalized land value of the zone. Al-
though the total cocoa acreages are higher in Run 3 than in Run 4, the
total capitalized land value of Run 4 is always higher than Run 3,
because of Run 4's relatively higher proportion of modern trees. The
exception is in the initial years where the capitalized land value of
Run 3 is highest because of the effects of the dramatic producer
price increase when the producer taxes were removed,

Since what is generally the farmers' income gain is the
government revenue and marketing board loss, the rankings of the

accumulated government revenue and the marketing board trading sur-

pluses of Runs 2 to 5 in Figure 4.A7 are in the reverse of the
projected disposable agricultural income ranking in Figure 4.AS.
Hence, Run 2 (without the tax reduction) also has the highest accumu-
lated revenue and trading surpluses. The accumulated funds are very
low in Run 4 (with the tax phase off) and close to zero in Run 3
(with the tax cut-off). The relative loss in the accumulated trading
surpluses of Run S (with the guaranteed floor price) is compensated
for by the increase in output, foreign exchange, and disposable
agriéultural income per capita when comrared to Run 2 (without the

’gdaianteed floor price). The accumulated government revenue: of
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Run Definitions

Run 1 Low tax rates and no production campaign.

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and

production campaigns.

Run 4 High tax rates phased out by 1976, and
P production campaigns.
5 Run 5 Low tax rates with producer floor price
;31000_ guarantee, and production campaigns. Run 4
g ' Run 3
aa Run 5
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Figure 4.A6.--Capitalized Agricultural Land Value in Nigerian
'Cocoa-Food Ecological Zone under Indicated Policy Alternatives
Assuming Moderate (Most Likely) Werld Cocoa Prices, 1970-1995.
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|- 7" Run pefinitions | | |
f' " Run 1 Low tax rates and no production campaign.
-~ Run 2 Low tax rates and production campaigns.
oo}~ -Run 3 High tax rates cut off in 1971, and
IRk . production campaigns.
Run 4 High tax rates phased out by 1976, and
" production campaigns.
Run 5 Low tax rates with producer floor price
o guarantee, and production campaigns.
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Figure 4.A7.--Accumulated Government Revenue and Marketing

Board Trading Surpluses from Nigerian Cocoa Production under Indicated
Policy Alternatives Arsuming Moderate (Most Likely) Worid Cocon
Prices, 1970-1995.
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Runs 2 and 5, on the other hand, are relatively close since their
projected outputs are very close and their government revenue rates
are the same.

- However, we should interpret the results of the projected
agricultural income per capita, and government accumulated revenue
and trading surpluses with caution. Government revenue and trading
surpluses under the various policy runs in the simulation experiment
are simply accumulated. No attempt is made to show the dynamic,
multiplier effects on the total economy that may result from the
government's reinvestment of the accumulated funds. In reality, the
government would probably invest the accumulated funds on projects
that may directly, or indirectly affect the welfare of the farmers.
For example, the government could invest the accumulated funds gener-
ated from Runs 1, 2, and 5, in public service projects, such as
health and education, which could increasc the welfare of the
farmers, without necessarily increasing their income level, However,
the present model is not able to show the nonmonetary benefits that
may result from these investments. Hence, there is an upward income
bias in the projected income of Runs 3 and 4, when compared to the
projected income of Runs 1, 2, and 5, where producer taxes prevailed
throughout the planning horizon.

Although it is not within the scope of the thesis to discuss
the merits of alternative agricultural taxes, it should be pointed
opt;that the loss in government revenue from the producer tax cut-
jéffgﬁr;phaSe-out can be compensated by imposing alternative forms of

‘taxes on the farmers., For example, the government can also collect
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taxes from the farmers'increaséd income, asset land value, or from
their increased purchasé of producer and.consdmer goods that result
from the increased income which has, in turn, resulted from the in-
crease in producer prices augmented by the subsequent increases in
production and productive capacity. However, because of the distri-
buticnal differences and inter-temporal trade-offs, such revenue
compensafions are not equivalent to one anoth:r (Hicks, 1962).

Results of Policy Experiment Assuming
High World Cocoa Prices

In this set of runs, future world cocoa prices are assumed to
be higher than in the previous set. The price increase is more rapid
and it remains at a higher level than under the moderate price
assumption. As a result, the absolute producer prices under the five
pricing policy options are also higher (see Figure 4.Bl). Conse-
quently, the farmers' short-term and long-term output responses
differ from the responses under the moderate world cocoa price
assumption. In general, becausc of the higher producer prices, the
increase in the annual amortized returns the farmers expect to get
by growing more cocoa trees is greater than the increase in the annual
amortized returns they expect to get from their existing trees.
Hence, the effects of the higher producer prices on the long-term
output response are potentially greater than the short-term output
response. Subject to meeting the other production requirements,
cocoa farmers would allocate more of their resources for cocoa
acreages expansion rather than 1ncrea$ing their‘short-torm harvest

output.
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Run
Run
Run
Run

Run

1 Low tax rates and no production campaigns.

2 Low tax rates and production campaigns,

3 High tax rates cut off in 1971, and production
campaigns.

4 High tax rates phased out by 1976, and production
campaigns.

S Low tax rates with producer floor price guarantee,

- d ducti :
§ and production campaigns.
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Figure 4.Bl1.--Market and Producer Prices of Nigerian Cocoa
Under Indicated Policy Alternatives Assuming High World Cocoa Prices,

1970-1995,
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Specifically, the long-term response of Run 3 where the pro-
ducer price was increased dramatically with the tax cut-off is
greater than Run 4 where the taxes were gradually phased out. Con-
sequently, the projected annual output of Run 4 between 1970 to 1983
is greater than in Run 3 because farmers in Run 3 are allocating more
of their resources to grow more cocoa trees rather than to further
increase their output from the existing lower-yielding trees. How-
ever, by 1983 when the trees that are gréwn in the 1970s come into
production, the projected output of Run 3 (which also has the highest
total cocoa acreages) surpasses Run 4. Thus we see that the effects
of the greater long-term output responses in Run 3 are lagged and do
not mapifest themselves until many years later when the new cocoa
trees come into production., In the intervening years, the total
annual output is lower than what it would be if the farmers had not
responded to the higher producer prices by expanding their output
capacity. Because of the guaranteed producer floor price of Run 5,
its projected output is higher than in Run 2. For the same reasons
discussed previously, the relative ranking of the other performance
indices correspond to the ranking of the projected output (see
. Figures 4.B2 to 4.B7.

Results of Policy Experiment Assuming
Low World Cocoa Prices

In contrast with the previous world price situation, a set
of ‘lower world prices is assumed. Consequently the values of other
performance indices are also reduced. As seen in Figure 4.C1, the

producer prices in Runs 3 and 4, after 1985, are slightly below the:
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Run Definitions
Run 1 Low tax rates and no production campaign.
Run 2 Low tax rates and production campaigns.
Run 3 High tax rates cut off in 1971, and Output 3
production -.ampaigns. P
700 Run 4 High tax rates phased out by 1976, and
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Figure 4.B2.--Total Projected Nigerian Cocoa Output Under Indicated
Policy Alternatives Assuming High World Cocoa Prices, 1970-1995.
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Run Definitions

Run 1 Low tax rates and no production campaign.
300 b Run 2 Low tax rates and production campaigns.
Run 3 High tax rates cut off in 1971, and production
campaigns.,
Run 4 High tax rates phased out by 1976, and production
campaigns.
Run 5 Low tax rates with producer floor price guarantee,

and production campaigns.
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Figure 4.B3.--Foreign Exchange Generated from Nigerian Cocoa
Exports Under Indicated Policy Alternatives Assuming High World Cocoa
Prices, 1970-1995.
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Run Definitions
Run 1 Low tax rates and no production campaign.
Run 2 Low tax rates and production campaigns.
Run 3 High tax rates cut off in 1971, and production
campaigns.
120~ Run 4 High tax rates phased out by 1976, and production
campaigns.
Run S Low tax rates with producer floor Run 3
price guarantee, and
:; production campaigns. Run 4
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Figure 4.B4.--Agricultural Disposable Income Pe.r Capita in
Nigerian Cocoa Sector Under Indicated Policy Alternatives Assuming
High World Cocoa Prices, 1970-1995, :
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Run Definitions

Run 1 Low tax rates and no production campaign.
Run 2 Low tax rates and production campaigns.
Run 3 High tax rates cut off in 1971, and production campaigns.

Run 4 High tax rates phased out by 1976, and Total 3
production campaigns.
Run § Low tax rates with producer floor price
guarantee, and production campaigns.
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Figure 4,B5.--Total, Traditional and Modern Nigerian Cocoa Acrcages
ggger Indicated Policy Alternatives Assuming High World Cocoa Prices,
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Run Definitions

Run 1 Low tax rates and no production campaign,

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and
production campaigns., '

1200~ Run 4 High tax rates phased out by 1976, and Run 3
production campaigns.

Run 5 Low tax rates with producer floor
price guarantce, and Run 4
production campaigns.

1000 Run &

' gool” Run 2

600~

Run 1}
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Figure 4.B6.--Capitalized Agricultural Land Value in Nigerian
Cocoa-Food Ecological Zone Under Indicated Policy Alternatives
Assuming High World Cocoa Prices, 1970-1995,
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~ Run Definitions

Run 1 Low tax rates and no production campaign.
Run 2 Low tax rates and production campaigns.
| Run 3 High tax rates cut off in 1971, and production

~ 600 A
[ campaigns.
A Run 4 High tax rates phased out by 1976, and Surpl?s 2
production campaigns.
Run 5 Low tax rates with producer floor price
guarantee, and cocoa production
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Figure 4.B7.--Accumulated Government Revenuc and Marketing
Board Trading Surpluses from Nigerian Cocoa Production under Indi-
cated Policy Alternatives Assuming High World Cocoa Prices of
1970-1995.
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Run Definitions

Run 1 Low tax rates and no production campaigns.

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and
production campaigns.

Run 4 High tax rates phased out by 1976, and
production campaigns.

Run 5 Low tax rates with producer floor price guarantce,
and production campaigns.
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Figure 4.Cl,--Market and Producer Prices of Nigerian Cocoa
Under Indicated Policy Alternatives Assuming Low World.Cocoa Prices,

1970-1995.
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- guaranteed floor price of 5168.\‘Sinte‘théﬁrelative‘ranking of ‘the
‘p€f£0rﬁaﬁce indices in this set of runs is basically similar to the
"";;nking‘dérived from the moderate world price set, we shall highlight

the more interesting simulation results.

From Figure 4.C2, we see that because of the higher initial
producer price of Run 5 (with the producer price guarantee) in 1970,
the short-term output response is such that the projected output of
Run 5 in that year is also the highest. However, in subsequent years
when the producer prices of Runs 3 and 4 (with the tax cut-off and
phase-out features) are higher, the projected output of Run § is
lower than in Runs 3 and 4. As in previous situations the long term
responses in capacity expansion of the various runs, interacting with
the government production campaigns, depend on their respective
producer prices. For example, becauseé the producer price of Run 5
is highest in the initial years, most of the trees planted are of
the traditional variety. Likewise, since the producer price increase
in Run 3 also occurs in the initial years, the expanded output
capacity consists more of the Amelonado trees. On the other hand,
because the pcak of the production campaigns coincide with the
gradual producer pricc increases of Run 4, most of the new acreages
consist of the Upper Amazon trees (sce Figure 4.C5). The differences
in the compositional acreages in turn manifest themselves in subse-
quent years with the relative ranking of the projected output of
the various policy runs. Hence, despite the slightly higher producer
prices of Run 5 from 1985 upwards, its projected annual cocoa outhutﬁf

is lower than in Runs 3 and 4.
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Run Definitions

Run-1 Low tax rates and no production campaign.

Run 2 Low tax rates and production campaigns,

Run 3 High tax rates cut off in 1971, and production campaigns.
Run 4 High tax rates phased out by 1976, and production campaigns.

= Run 5 Low tax rates with producer floor price guarantee, and
production campaigns. .
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Figure 4,C2.--Total Projected Nigerian Cocoa Output Under Indicated

“Policy Alternatives Assuming Low World Cocos Prices, 1970-1995,
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" “Run Définitions

~ Run 1 Low tax rates and no production campaign.
_300 Run 2 Low tax rates and production campaigns,
Run 3 High tax rates cut off in 1971, and
production campaigns.
~Run 4 High tax rates phased out by 1976, and
production campaigns.
Run § Low tax rates with producer floor price

1 guarantee, and production campaigns.
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Figure 4.C3.--Foreign Exchange Generated from Nigerian Cocoa

”Exborts Under Indicated Policy Alternatives Assuming Low World Cocoa
Prices, 1970-1995, *
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Run Definitions

Run 1 Low tax rates and no production campaign.

Run 2 Low tax rates and production campaigns,

Run 3 High tax rates cut off in 1971, and production
120~ campaigns.

Run 4 High tax rates phased out by 1976, and

production campaigns.
Run 5 Low tax rates with producer floor price
guarantee, and production campaigns.
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Figure 4.C4.--Agricultural Disposable Income Per Capita in
Nigerian Cocoa Sector Under Indicated Policy Alternatives Assuming
“Low World Cocoa Prices, 1970-1995.
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Run Definitions

Run 1 Low tax rates and no production campaign.
Run 2 Low tax rates and production campaigns.
Run 3 High tax rates cut off in 1971, and

3.0 production campaigns. Total 3
Run 4 High tax rates phased out by 1976, and
production campaigns, Total 4

Run 5 Low tax rates with producer floor price
guarantee, and production

campaigns.
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Run Definitions
Run 1 Low tax rates and no production campaign.
: Run 2 Low tax rates and production campaigns.
1200= Run 3 High tax rates cut off in 1971, and production
campaigns.
Run 4 High tax rates phased out by 1976, and production
campaigns.
~ Run 5 Low tax rates with producer flocr price guarantee,
5 and production campaigns.
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Figure 4,C6.--Capitalized Agricultural Land Value in Nigerian
Cocoa-Food Ecological Zone Under Indicated Policy Alternatives
Assuming Low World Cocoa Prices, 1970-1995.
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Run Definitions

Run 1 Low tax rates and no production campaign.
Run 2 Low tax rates and production campaigns.
Run 3 High tax rates cut off in 1971, and production campaigns.
Run 4 High tax rates phased out by 1976, and production
campaigns.
Run 5 Low tax rates with producer floor price guarantee,
and production campaigns,
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Figure 4.C7.--Accunmulated Goveinmment Revenue and Marketing Board Trading
Surpluses from Nigerian Cocoa Production Under Indicated Policy Alternatives
Assuming Low World Cocoa Prices, 1970-1995.
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The ranking of the accumulated government revenue and market-
ing board trading surpluses for the various runs depends on their tax
rates and projected annual output, Although the government revenue
rates of Runs 2 and S are the same, the accumulated revenue of Run 5
is higher than in Run 2, because of the latter's higher projected
output. Due to the low world price assumption used in this set of
policy experiments, the producer price of all the five runs are also
very low. Consequently, the trading surpluses of Run 5 (with the
price guaraﬁtee) are negative, and the deficit increases with time
because of the continuing subsidy necessary to maintain the guarantee.
As in the preceding experiments, the values of the other performance
indices of Run 5 are higher than in Run 2, which does not have the
producer price guarantee.

D. Results of Policy Experiment Assuming
Cyclical World Cocoa Prices

Finally, the effects of a set of cycliéal world cocoa prices
on the economy are discussed in terms of the simulated time paths of
the six performance indices presented from Figures 4.D2 to 4.7, The
world, market and producer prices in this policy experiment arec shown
in Figure 4.D1. The relative ranking of the projected curve output
can be best explained by recalling the major factors that determine
the projected annual output. They are (1) total and compositional
(traditional and modern) cocoa acreages of producing trees, (2) the
past producer price trend which determine the exponentially-averaged
"normal" price, and (3) prevailing producer prices. The ratio of the

“last two factors nultiplied by the farmers' short-term exponential
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Run Definitions

Run 1 Low tax rates and no production campaign.

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and production
campaigns.

Run 4 High tax rates phased out by 1976, and production
campaigns.

Run 5 Low tax rates with producer floor price guarantee, and
336 production campaigns.
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Figure 4.D1.--Market and Producer Prices of Nigerian Cocoa
ggggr Indicated Policy Alternatives Assuming World Cyclical Prices,
0-1995,



119

harvest elasticity determine the annual output from the producing
:gbcoa trees. On the other hand, the long-term responses in output
capacity expansion (which determine the total and compositional
acreages) depend_un (1) the prevailing producer prices, (2) expected
producer prices and output (which determine the relative profitability
of cocoa production), and (3) program features of the production
campaign. Because of the cyclical nature of this set of world prices,
the total output effects depend crucially on the interactions between
the short-term harvest responses and the long-term, expansion re-
sponses.

As evident in Figure 4.D2, the outputs of Runs 2 to 5 (with
the production campaigns) are in all cases higher than Run 1 (without
the production campaign). However, the order of their projected out-

|
put depends on their respective pro&ucer prices, wvhich in turn
determine their annual short-term and long-term output responses.
Because of the high initial producer price guarantee feature, the
short-term response in Run 5 causes its projected output to be the
highest. However, the projected outputs of Runs 3 and 4 with the
higher producer prices (and therefore higher short-term output re-
sponses) soon surpass Run 5. As in the other policy experiments, the
effects of the long-term output capacity responses depend on the
respective producer pricing policies, and their interactions with the
production campaigns. The interactions result in the differcnces in
the total and compositional acreages of the cocoa trees among the
:uhs (see Figure 4.DS). Since the ranking of the projected time

paths of the other performance indices are similar to the ranking
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Run Definitions

Run 1 Low tax rates and no production campaign,

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and production campaigns.
Fun 4 High tax rates phased out by 1976, and production canpaigns.
700 " pun 5§ Low tax rates with producer floor price guarantee,

and production campaigns. Run 3
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Figure 4.D2.--Total Projected Nigerian Cocoa Output Under Indicated
Policy Alternatives Assuming Cyclical World Cocoa Prices, 1970-1995,
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Run Definitions

Run 1
Run 2
Run 3
Run 4

Run S

Low tax rates and no production campaign.

Low tax rates and production campaigns.

High tax rates cut off in 1971, and production
campaigns.

High tax rates phased out by 1976, and production
campaigns.

Low tax rates with producer floor price guarantee,
and production campaigns.

1870
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Pigure 4,D3,--Foreign Exchange Generated from Nigerian Cocoa

Exports Under Indicated Policy Alternatives Assuming Cyclical World
Cocoa Prices, 1970-199S.
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hﬁdér the mbderate wprld cocoa price assumption, they will not be
discussed.

Under the cyclical world price assumption, the stabilization
role of the rudimentary producer floor price guarantec of Run 5 is
illustrated most dramatically in Figure 4.D4. The annual projected
agricultural income per capita of Run 5 increases very smoothly. The
projected income is determined primarily by the increase in output
with the fluctuations in producer prices minimized. In contrast, the
increases in income of the other runs fluctuate according to their
prevailing producer prices, However, the higher and more stabilized
income of Run 5, compared to Run 2 (which does not have the floor
price guaranteed) is offset by its lower accumulated trading surpluses
as shown in Figure 4.D7.

Discussion of Simulation Results
from Cocoa Policy Experiments

There are five major inferences to be drawn from the results
of the cocoa policy experiments we have conducted., First, the values
of the performance indices depend crucially on the world cocoa price
assumptions, For example, in Figure 4.2, which shows the projected
outputs of Run 2 under the four world prices, it is clear that the
output under the high world price assumption is greater than the
output under the moderate and low world price assumptions. Since the
average price of the cyclical world prices is also greater than the
average price.of the low world prices, its projected output is thus

higher.
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Run Definitions

Run 1 Low tax rates and no production campaign.

Run 2 Low tax rates and production campaigns,

Run 3 High tax rates cut off in 1971, and

120 - production campaigns.

Run 4 High tax rates phased out by 1976, and
production campaigns.

Run 5 Low tax rates with producer flgor Run 4
price guarantce, and

100 L production campaigns. Run 3

Run §

Run 2
80
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Figure 4.D4,--Agricultural Disposable Income Per Capita in
Nigerian Cocoa Sector Under Indicated Policy Alternatives Assuming
Cyclical World Cocoa Prices, 1970-1995.
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Run Definitions

Run 1 Low tax rates and no production campaign.

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and

o production campaigns.

Run 4 High tax rates phased out by 1976, and
production campaigns.

Run 5 Low tax rates with producer floor price
guarantee, and production

campaigns.
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Pigure 4.D5.--Total, Traditional and Modern Nigerian Cocoa

Acreages Under Indicated Policy Alternatives Assuming Low World Cocoa
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Low tax rates and no production campaign.

Run 1

Run 2 Low tax rates and production campaigns.

Run 3 High tax rates cut off in 1971, and Run 4
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Run 4 High tax rates phased out by 1976, and
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~ FPigure 4.D6.--Capitalized Agricultural Land Value in Nigerian
Cocoa-Food Ecological Zone Under Indicated Policy Alternatives Assuming
Cyclical World Cocoa Price Functions, 1970-1995.
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‘Run Definitions

] Run 'l Low tax rates and no production campaign.
L Run 2 Low tax rates and production campaigns.
600 = Run 3 High tax rates cut off in 1971, end

3 production campaigns.
Run 4 High tax rates phased cut by 1976, and

' production campaigns.
‘Run § Low tax rates with producer floor price

guarantee, and production campaigns.
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. Figure 4.D7,--Accumulated Government Revenue and Marketing
Board Trading Surpluses from Nigerian Cocoa Production Under Indicated
Policy Alternatives Assuming Cyclical World Cocoa Prices, 1970-199S,
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Run Definitions

800 |- A Moderate (Most Likely) World Cocoa Prices
B High World Cocoa Prices
C Low World Cocoa Prices ~ Output B Output A
D Cyclical World Cocoa Prices
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Pigure 4.2,--Total Projected Nigerian Cocoa Output Under Indicared
Alternative World Cocoa Prices Assuming Lov Tax Rates and Production
Campaigns, 1970-199S,
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Second, the ranking of the projected cocoa output also depends
on world prices over the planning horizon. For example, because of
/,théfhigher world prices of "B," which remain continuously high, the
output of Run 3 with the tax cut-off feature remains higher than Run 4
where the taxes arc phased out (see Figure 4.B2). On the other hand,
in the low world price situvation of '"C" where the prices after 1985
remain relatively lower than their initial level, the projected output
of Run 4 is higher than Run 3 (see Figure 4.C2).

Third, given the assumptions of the model's mechanisms, the
1rnifluences of short-term output responses from a dramatic producer
price increase are dissipated very quickly, as the farmers begin to
regard the higher producer prices as '"normal.' Hence, the short-term
output effect of a gradual producer price increase is cumulatively
greater than that of the dramatic price increase. The projected
annual output of Run 4 with the tax phase-off feature is generally
higher than in Run 3 even though producer prices after 1976 are the
same.

Fourth, the benefits of long-term output responses in cocoa
acreage expansion can be further reinforced if they also coincide
with the peak of the production cﬁmpaigns. Otherwvise, the farmers
glven the higner producer prices may prematurely expand their cocoa
acreages without taking full advantage of the communication effects
of the production campaigns. If the producer price increases coin-
cide with the pecak of the production campaigns, more of the new
acreages would consist of the higher-yielding Upper Amazon trees

promoted by the campaigns. Or conversely, if the full effects of the
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production campaigns were to occur concurrently with a favorable
;pr6éﬁcer price increase, an even greater proportion of the acreage
expansion in both new planting and replanting would consist of the
higher-yielding variety., Thus, the effects of the producer price
increase and the production campaigns are highly complementary in
encouraging the farmers to cultivate the higher-yielding Upper
Amazon cocoa trees as they expand their cocoa acreages.

Finally, each of the five policy runs have projected differ-
ent outcomes at different time-phases of the planning horizon. Their
projected differences can in turn provide policymakers with a basis
for selecting the preferred policy option with its tradeoffs accord-
ing to their perceived objectives of the economy. For example, if
the perceived overriding objective for ‘the cocoa sector for the next
twenty-five years is to maximize farmers' income and the foreign
exchange generated from cocoa exports, Run 4 (which has the tax
phase-out and production campaign features) may be the preferred
option. On the other hand, if the perceived paramount objective is
to maximize government revenue and marketing board trading surpluses,
Run 2, which gives the highest accumulated funds is the logical
policy option over Runs 3, 4, and 5, even though the consequent
projected output, foreign exchange, and farmers income of Run 2 are
lower. MHowever, if the objective is to ensure the cocoa farmers a
steady and stable income increase, Run 5 (with the guaranteed pro-
ducer floor price foature) is recommended, especially if the world
price is expected to behave cyclically as we have seen in Figure 4,04,

Hence, in this particular situation, the tradeoff is between a loss
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in the accumulated government revenue and marketing board surpluses,
and an increase in output, foreign exchange generated from cocoa
exports, and personal income of the farmers in the cocoa economy.

Effects of Cocoa Policy Lxperiments
on Food Production

A secondary objective of the study is to explore the impact
on food production in Western Nigeria which may result from the
proposed cocoa producer price changes and the governmant production
campaigns to expand cocoa output capacity. Given the model's present
structure and its underlying assumptions, the study is not able to
show convincingly the cocoa policy effects on food production in
Western Nigeria. Figures 4.3 and 4.4 show the total subsistence and
cash food acreages of the sector, and the market and the producer
prices of food composite for all of Southern Nigeria under Runs 1,
2, and 4, from 1970 to 1995 (assuming the cyclical world price
function of cocoa).

As discussed in Chapter III, the total demand for staple
food in the region (expressed generically in caloric value) is met
by subsistence and cash food production. The general increase in

the total food land in all three runs is caused by the increase in

the rural population. In Run 1, while the total food acreages in-
crease, cash food land romains relatively constant. Although total
food land acreage in Run 2_is similar to that in Run 1, Run 2's

increase in cash food land after 1980 is offset by the decrease in
the subsistence food land. Hence, we may infer that the expansion

of the cocoa acreages resulting from the production campaigns did
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Run Definitions

Total 1,2
Run 1 Low tax rates and no cocoa production campaign.
Run 2 Low tax rates and cocoa production

1.6 campaigns.
Run 4 High tax rates phased out by 1976, Total 4
and cocoa production campaigns.
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Figure 4.3.--Total, Subsistence, Cash Food Land in Nigerian

Cocoa Ecological Zone Under Indicated Cocoa Policy Alternatives
Assuming Cyclical World Cocoa Prices, 1970-1995.
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. Run Definitions

%016
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Figure 4.4.--Market and Producer Prices of Food Composite in

Nigerian Cocoa Ecological Zone Under Indicated Cocoa Policy Alterna-
tives Assuming Cyclical World Cocoa Prices, 1970-1995.



133

not increase appreciably the expansion rate of total food lahd.
,In§;ead, a greater proportion of the staple food consumed by the
?armers is now obtained from the cash food market. The increased
dependence on the cash food market of Run 2 (with the cocoa production
campaigns) results from the increased income generated from the
greater cocoa output. In Run 4 (which has the highest projected
cocoa output and acreages), total food land increases at a lower rate
after 1978 than in Runs 1 and 2. The projected cash food land of

Run 4 throughout the planning horizon is also highest and subsistence
food land the lowest.

From Figure 4.4, we see that the annual producer and market
prices of the staple food composite in the sector are very small
among the three policy runs. According.to the model, the market
price of food depends on the total 'supply and demand of food in all
of South Nigeria. Hence, policy experiments focusing on onc par-
ticular sector in the region does not appreciably affect the food
pricing mechanisms. (In contrast, when policy experiments were
conducted on the total region, the projected market food prices under
alternative policies were markedly different [Manetsch et al., 1971]).

The increasing food prices in all three runs are caused by the
increasing population in the sector. Although the behavior of food
prices is consistent with the model's assumptions, we must interpret
the results with caution. Let us recall the assumptions we built into
the food price determination mechanisms: (1) food prices are adjusted
annual averages without considering explicitly the considerable intra-

year or seasonal fluctuations; (2) the difference between the producer
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food price at the farm gate and the market food price is a constant

markdown from the market price of food; and (3) consumer preferences
o7

’

~and the cultivational technology of the food composite are assumed
to be constant throughout the planning horizon.

The last assumption is tenuous in reality. Obviously, within
the 25-year planning horizon, the population's preferences for staple
food along with their relative prices would change. The changes in
consumer preference would probably affect the production of the food
crops. Likewise, the production functions of the various staple foods
would change. For example, although Western Nigerians prefer yam over
cassava, the lower labor requirement and higher output for cassava,
and hence, its higher caloric value per unit cost would certainly
increase its production. This, in turn, would increase the use of
cassava as a food staple. In addition,‘future increases in income
from increased cocoa production-may also affect the farmers' total and
compositivnal demand for staple foods, just as it would prohably raise
their demand for nonstaple foods and consumer durables and nondurables.

Nevertheless, we can conclude rrom the policy experiments that
the expansion of cocoa acreages would dampen the expansion of total
food land in the region. Since we have also assumed that cocoa farmers
would always feed themselves first from their food production, the
relative decline in total food land in the cocoa-food zone would
therefore affect primarily the nonagricultural population. Hence,
unless the relative decline in production is met by increased food

production from the Oyo Province in the West, or food shipment from
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Midwestern and Northern Nigeria, annual staple food consumption by
the lower income segments of the nonagricultural population would

brobably decline in the future.



CHAPTER V

SUMMARY AND CONCLUSIONS

Introduction

Since cocoa is the major source of Western Nigeria's income,
employment, révenue, and foreign exchange, the industry is very
important 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 houscholds, is located in the Western
State. Nigerian cocoa production, which is relatively labor-intensive,
is almost exclusively a smallholder ;nterprise. The typical landhold-
ing consists of about three acres of cocoa.providing a cash income, .
and two acres of food cultivated primarily for ﬁousehold consumption
(Okurume, 1970).

All the cocoa produced is sold to the Nigerian Cocoa Marketing
Board, a statutory monopsonist. 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 sur-
plus tax. Additionally, farmers also pay for the operational and
handling costs involved in the sale of their output. The total dif-

ferences in some years may amount to as much as 50 percent of the
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world price. Hence, most economists recommended the increase in the
,/’Eafoa producer prices, Moreover, since the cocoa farmers have been

responsive in their output to producer price changes, any increase

in their prices would further increase their output and output

capacity. The loss in government revenue due to the initial commodity

tax decrease may be offset by the increased tax base from (1) in-

creased cocoa production and productive capacity, and (2) indirectly

by the increase in the producers' income, and the asset value of

cocoa land. Thus, taxing the increased tax base may recuperate the

initial tax loss.

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 (Johnson et al., 1969).
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 Simulation Model developed at Michigan State
University in order to analyze the proposed revamping of the Nigerian
cocoa producer pricing policy, and the government-initiated cocoa
production campaigns. The study can also be viewed as part of the
continuing process to further validate and improve the operational
usefulness of the system simulation approach and the model for
agricultural planning, To accomplish these objectives, the study
focused specifically on the Nigerian cocoa sector, one of the four

ecological zones in Southern Nigeria.
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In addition, more realistic alternatiVe‘woild éocoa prices
'wére used. (In previous studles [Manetsch et al., 1970; Olayide,
:Abkin, and Johnson, 1971; and Abkin, 1972], for the purpose of model
testing, future world commodity prices were assumed to be constant.)
The study also introduced and tested the usefulness of a guaranteed
producers' floor price, whereby farmers would be paid a predetermined
minimum, should their prices (after accounting for the various taxes
and handling costs) go below the level. The price support program
would be financed from previously accumulated trading surpluses, and
i} necessary, from outside sources.

The Western Nigerian Cocoa System
Simulation Model

To explore the ramifications of the proposed government cocoa
price-income strategy and production campaigns and their resultant
interactions and feedback effects, the study adapted components of
the Michigan State University Nigerian Agricultural Simulation Model
to analyze their impact on the Western Nigerian cocoa economy. The
cocoa simulation model has four major components which (1) allocated
land use according to the farmers' perceived profitabilities of cocoa
and food suvject to the land, labor, and capital constraints, (2) cal-
culated 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.
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Cocoa Simulation Polic
Experiments Conducted

The three major sets of assumptions investigated were

(1) alternative world cocoa prices, (2) alternative revenue and
marketing board producer pricing policies and, (3) proposed govern-
ment cocoa planting and replanting production campaigns. The four
world price functions used in the study represented the moderate
(most likely), high, low, and cyclical price projections that would
be relevant to the analysis of the Nigerian cocoa economy.

The first of fhe five policy options (which combined alter-
native producer pricing features and the proposed production cam-
paigns) is Run 1, the base run which approximated the status quo
policy. It assumed a relatively low government revenue tax of 10 per-
cent of the prevailing world cocoa price, and a 20 percent marketing
board trading surplus tax on the market price, and no government
production campaign. Run 2 (which assumed the tax features of the
base run and government replanting and new planting production cam-
paigns) examined the effects of the campaign on the economy. Runs 3,
4, and 5 compared the effects of the production campaigns with vary-
ing tax features. The tax rates of Runs 3 and 4 were assumed to be
20 and 30 percent of the world and market prices. However, the taxes
of Run 3 were cut off in the following year, whereas in Run 4, the
taxes were phased out lincarly over the following five years. Run 5.
(with the same tax features and production campaigns as in Run 2) |
compared the effects of a guaranteed floor price feature supported by

previously accumulated marketing board trading surpluses,
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The results of the cocoa policy experiments were discussed in
Tterms of the projected time paths (from 1970 to 1995) of six of the
imere important performance indices incorporated in the model. They
:were (1) total annual output of cocoa, (2) total and compositional
'(tradit1ona1 and modern)- acreages of cocoa trees, (3) foreign exchange
generated from cocoa exports, (4) capitalized agricultural land value
of the cocoa-food ecological zone, (S) disposable agricultural income
per capita, and (6) accumulated government revenue and marketing
board trading surpluses, |

Policy Implications from the Simulation Experiments
on the Western Nigerian Cocoa Economy

There are five major policy implications from the simuiation
expetiments which agree substantially with the findings of CSNRD's
study of the Nigerian cocoa industry. First, the total benefits to
the Nigerian cocsa economy depend importantly cn the world price
Nigeria receives for her export. Obviously,; the higher the world
price of cocoa, the more it benefits the economy. It is therefore
very important for the government to secure the highest world price
for her exports, |

Second, investments in government production campaigns which
-encourage cocoa farmers.to cultivate higher-yielding Upper Amazon
trees are justifiable since the projected output, foreign exchange,
farmers' income, and accumulated government revenue and markoting
board trading surpluses functions were in all cases (regardless of
their tax features) higher than Run 1 (without the production cam-

fqnigns), - The modernization of the Nigerian cosoa econony is defensibie;d“
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even if world cocoa prices should decline subsequently--cither re-
ﬁpltipg directly from an excess capacity because of the slower growth

:irates of demand, or from other factors outside the direct control of
Nigeria and other producing countries,

Third, based on the farmers' positive supply responses,
increases in cocoa producer prices raise both the short-term harvest
output and the long-term output capacity responses and hence, far-
mers' disposable income as well as the foreign exchange earnings
from additional cocoa exports. In turn, increases in cocoa exports
and farmers' income would most probably have their spill-over
benefits in the other sectors of the economy. Increases in foreign
exchange earnings increase Nigeria's capacity to import. Increases
in output and output capacity would a%so increase the demand for
agricultural productive goods and services, viz., more fertilizer,
seedlings, tools, and machinery. ;imilarly, increases in farmers'
income also increase their effective demand for other durable and
nondurable consumer goods, in addition to the productive goods
mentioned earlier. Hence, the increase in the profitability of
cocoa production resulting from higher producer prices, and the
decrease in the farmers' cost of production campaigns reinforced
the expansion of the agricultural land. The expansion of the cocoa
land and food land by the farmers is thus a very important means of
private capital form -ion.

Any increas¢ .oss in government revenue that might occur

- from the producer tax dccrease could be éompensated by taxing the

farmers' increased income and the asset value of their cocoa land,
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br indirectly by taxing the increased purchase of their producer and

-

’Ebnsumer goods. However, the effects of alternative taxes on the

weconomy do not necessarily correspond to one another. Besides the
administrative problems of enforcement, costs of collection, distribu-
tion and equity impact, there is also the intertemporal problem and

trade-off between present revenue and future revenue of the alterna-

tive methods. Although it may be argued that the future tax base

resulting from the proposed tax decrease may be greater, the increased
taxes from the increased output would not be collected until the trees
come into production. Hence, if government revenue is needed for
other development programs, it is highly unlikely that the government
wouid reduce cocoa producer taxes unless the revenue loss is replaced
by other sources outside of the cocoa Eector, such as royalties from
the petroleum industry.

Fourth, the introduction of an annual guaranteed producer
floor price would stabilize the farmers' income, especially if world
cocoa prices are expected to behave cyclically. The producer price
support also increases farmers' income, cocoa acreagas, capitalized
agricultural land value as well as the foreign exchange generated
from cocoa exports in the years when cocoa prices are expected to be
rcaatively low.

Finally, based on the policy experiments, the projected time
paths of the various performance indices under alternative cocoa
pricing policies (with their varying tax features) differed discern-
ibly. Their projected differences, in turn, can provide a more

comprohensive basis for policymakers to select the most efficaciousiL
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cocoa pricing strategy. The choice of the strategy depends on the
policymakers' perceived objective of the pricing policy. Hence, if
the perceived overriding objective for the cocoa pricing policy is to
maximize farmers' income and the foreign exchange generated from cocoa
exports, then the policy which phased out all taxes would be pre-
ferred. On the other hand, if the perceived objective of the pricing
policy is to maximize government revenue and marketing board trading
surpluses, the status quo policy (which was projected to accumulate
the highest revenue and trading surpluses) would be the choice.
Finally, if the objective is to ensure the cocoa farmers a steady
increase in their income from cocoa production, the proposed pro-
ducers' floor price feature discussed above can be incorporated, as
part of the cocoa pricing strategy.

Conclusion from the Use 5f the System Simulation
Approach for Cocoa Development Planning

In using the system simulation approach, we were interested -
in providing an analytical framework in which rescarchers and policy-
makers could interact while formulating alternative cocoa policies,
Hence, we were guided more by the nature of the problem we attempted
to solve rather than by the availability of relevant data to estimate
statistically the coefficients of the postulated cconomic phenomena,
or by the constraints imposed by a computing algorithm. In this
study, we were specifically interested in evaluating the long-term

economic _impact of the proposed revamping of the cocoa producer price

policy, and the government production campaigns to expand the Western

Nigerian cocoa industry.
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TO‘tﬁis‘eﬂd,_the computerized Nigerian Agricultural Simulation
‘Model pibvided a very useful and convenient "laboratory" whereby the
outcoﬁes of various combinations of cocoa programs and policies were
compared and analyzed. Based on the projected time paths of the
various performance indicies of the cocoa sector, the.merits of
various policy alternatives were discﬁssed. This particular computing

advantage of the computerized system simulation model (with its rela-

tive low cost and quick cohputation turn-around time) should not be
minimized, especially when compared to the tedious and time-consuming
conventional pen and pencil projections used in CSNRD. However, the
‘prolific ebility of the computerized model to generate results under
alternative assumptions, like the opening of Pandora's box, still
does not negate the rescarcher's responsibility to interpret the
simulated results to policymakers 'in light of the model's limitations
and underlying assumptions.

At a more subtle epistemological level, a major characteristic
of the approach used in the study is simulation. Simulation is a
formalized process of thinking through some of the interactions, feed-
backs, effects and related policy implications. The fundamental
methodological problem, therefore, was to determine what were the es-
santial variables, interrelationships, processes, and boundary condi-
tions of the Nigerian cocoa system--recognizing that the essence of
scientific inquiry is to simplify complexity without being overly
simplistic. On the other hand, the cocoa system simulation model
‘would have been very cumbersome, if all the thought-of-linkages and

processes were included, without the investigators first discerning



145

which were the most important or significant. Moreover, since it is
very difficult to validate (or refute) the postulated interrelation-
ships if they became too complex, it was methodologically more defen-
sible to build and velidate the simpler relationships. On the other
hand, we could have been too parsimonious, by selecting out a priori
most of these interrelationships, or by consigning the developmental

process to occur at a predetermined rate, thereby assuming the

research problem away. Hence, the resecarch was motivated toward the
middle-ground between these two extreme positions.

The process of developing a system simulation model of the
Nigerian cocoa economy had led us to consider variables and inter-
relationships which were less amenable for analysis by the more
conventional techniques. Past cocoa ecconometric studies (constrained
by data availability) were concerned primarily with establishing
statistically past empirical relations of a handful of variables in
order to forecast what might happen to the industry under proposed
intervening policies. Such linear extrapolations, however, might
not be valid for policy prognostication, since the underlying
economic conditions in the future would have changed. Moreover, the
very purpose of devetopment is to sct in motion forces that are not
self-equilibrating, but interactive. Following the system concepts
expounded by Forrester (1972) and Von Bertalanffy (1972), the model
explored the implications of the interactions and positive and noga-
tive feedback effects that might modify th. final outcome.

As a general conclusion, it is hoped that the computerized,

system simulation model of the Nigerian cocoa cconomy has captured
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-sbméfof-the more important dynamic and interactive relationships,
under alternative government policies and data and behavioral assump-
tions. In addition, the model's projected time-paths of the various
performance indices, may better assist policymakers in cocoa plan-
ning and policy analysis with the display of the composite outcome
of each proposed policy.

Further Research on the Nigerian Agricultural
Simulation Model for Policy Analysis

There are six additional ways in which the Nigerian Agri-
cultural Simulation Model can be extended for policy analysis.1
First, it should provide a more comprehensive basis for analyzing
government revenue and investment policies of the cocoa sector. The
present model was not able, nor built to, compare the efficacy of
cocoa producer tax as a means of generating government revenue,
vis-a-vis alternative income, consumption, import, capital gain and
land taxes. Likewise, the present model did not provide a ~ompre-
hensive basis to evaluate the impact and effectivencss of the govern-
ment overall investment program, including the reinvestment of the
revenue gencrated from the cocoa industry. In the present model, we
have attempted to capture the bencfits that might accrue to the cocoa
producers in the private sector by showing their increase in the
income (flow) and the increase in their capitalized land value
(stock). However, in the policy options where producer taxes pre-

vailed, the government revenue and marketing board trading surpluses

lSee also Abkin (1972) for possible improvements and exten-
sions of the Nigerian Agricultural Simulation Model for policy
analysis,
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that resulted from the various tax policies were merely accumulated.
No attempt was made to show how the returns to the economy might have
been greater if the accumulated revenue and trading surpluses had
been "ploughed-back" either directly or indirectly to the cocoa
sector. Obviously, the benefits derived from the government reinvest-
ment of the revenue and trading surpluses would depend on the nature
of the activity invested,

The central unresolved analytical issue is: low do we
determine who is the more efficient and effective allocator of the

reinvestable surpluses that result from the government tax and invest-

ment policies? Is it the public sector and its agencies who, with
the collected revenue may attempt to increase public and private
capital formation through variou§ means? These could include equity,
participation in quasi-government corporations; financial grants to
colleges, extension services, and research institutes; and directly to
the agricultural producer sector, through cash, subsidy and low
interest loans to the farmers. Or is it the cocoa producers in the
private_sector, who with the increase in income resulting from the
increase in producer price, may invest further in their present agri-
cultural production, or other alternative ventures cither within
agriculture or outside of agriculture?

Secondly, to discuss meaningfully the impact and distribu.
tional costs and benefits of government investment, including the
proposed production campaigns and the revamping of the producer
pricing policy, the cocoa sector may have to be disapgregated by fts

geo-political divisions. Since the trees in cach division have thefr
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own genetic, cul?ivational, and age cohort characteristics, such
disaggregation may indeed be helpful, For example, the trees in
the Ibadan Division are generally older thaﬁ those in the Ife Divi-
sion, Because of the present rather intensive land utilization
pattern, Ibadan cocoa farmers would probably have to replant their
txisting trees in order to increase their output capacity, whereas
the Ife cocou farmers could still annex neighboring bush land for
cocoa cultivation.

Since we are also interested in the differential output and
consumption responses under the proposed producer price and resultant
income changes, and the distributional impact of government invest-
ment policies in the sector, it may be useful to further subcategorize
the cocoa industry in each geopolitical division by farm size.
Although there are other attributes by which we can divide the
industry, farm size seems to be the best proxy variable especially
since the model's present unit of analysis is an acre of agricultural
land, and not the individual agricultural decision maker. If the
unit were the latter, then it might be more useful to subcategorize
the industry by the income levels or social characteristics of the
farmers.

The third model extension is to provide new policy entry
points in future simulated time-periods of the experiment. The
present policy experiments on the cocoa cconomy werce conducted
with the government revenue and marketing buard producer pricing
‘bolicies throughout the planning horizor, specified at the base yoar,

The time paths of the various performance indicies were then
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projected through simulated time. However, the present approach did
not allow policymakers who (upon the assessment of the performance
indices at the future time period) may want to introduce another
policy in a future time period to counter or augment the consequences
of the prevailing policy alterna;ive. For example, a policymaker
may find the market price of food in 1980, resulting s1om a crash
cocoa production campiagn in 1972 intolerably high. He can then
experiment with alternative food production campaigns, initiated at
different time periods between 1972 and 1980, that might reduce the
high mdrket price of food in 1980.

Fourth, closely related with the above, is the inclusion of
a semi-automatic decision-making interphase whereby the government
tax policy in any one year depends on the interaction between the
prevailing world price of cocoa and a predetermined tax rate schedule.
Although the general trend of world cocoa prices can be specified,
the actual price in any one year would probably occur randomly within
a predetermined variance from that trend. Hence, to model the
phenomena, cocoa world prices can be specified stochastically with a
random component to simulate the uncertainty of the price in any one
year. Should the simulated world price in any one year go below a
predetermined low level, the government tax rates for that year could
be reduced accordingly. Likewise, should the simulated world price
in another year exceed a predetermined upper level, t' s tax rates for
that year could be increased, The major benefit of the model extension

is to help determine a more flexible governmental tax policy which
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would stabilize farmers' income as well as the government revenue,
given the fluctuations of world prices.

Fifth, as part of the continuing process to update and improve
the substantive and informational base of the model, more field and
empirical research must be conducted to verify some of the projected
outcome anticipated in the present series of simulation experiments,
Specifically, more concrete evidence is neccssary to substantiate
(or refute) (1) the postulated effects and interrelations of the
cocoa farmers' short-term harvest responses and their long-term output
capacity expansion responses, given producer price changes; (2) the
communicational effects of the.government production campaigns; and
(3) the constraining effects of inputs (such as labor and credit) on
the cocoa farmers' agricultural land allocative decisions.

Finally, alternative formulation of the model's present land
allocation and the annual harvest response mechanisms may have to be
made and tested to conform to the farmers' actual output response
behavior. The projected annual cocoa outputs (assuming government-
initiated production campaigns) under alternative producer price
policies tend to cluster. On the other hand, economy theory suggests
a wider divergence among the projected time paths. Specifically, the
land allocation mechanism (which models the farmers' long-term output
capacity expansion) may have to be' modified such that the expansion
rate of cocoa acreages would be more sensitive to producer price
changes. Likewise, the short-term harvest response may have to be

modified such that the output increase resulting from producer price
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increase would also depend on the farmers' past experience on price
changes as well as their anticipated changes--given the biological

~ yield cepacity and composition of the cocoa trees.
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