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Abstract
 

The problems of planning for economic development in the new states
 

of Africa and Asia as well as in the more established countries of Latin
 

America arise from the interplay of the political, social and economic sub

systems of a developing country. In this paper, a system simulation model
 

of a developing agricultural economy is presented as one approach to the
 

planning problem.
 

A preliminary model of the agricultural economy of southern Nigeria
 

is described. This model simulates, over time, the impacts of alternative
 

public policies affecting the development of the economy and computes a
 

number of criteria which can aid decision makers in evaluating alternative
 

policies. The model includes five major production enterprises: cocoa,
 

palm products and rubber (the three important Nigerian perennial, or "tree,"
 

crops), annual nonfood crops, and staple foods. The broad organization
 

of the model comprising five basic components is discussed. One of these,
 

the land allocation and modernization component, is described to illustrate
 

1/ This paper is an expanded and updated version of a paper presented
 
at the Joint National Conference on Major Systems in Anaheim, California
 
in October 1971. The work leading to this paper was supported by United
 
States Agency for International Development, Contracts AID/csd-1557 and
 
AID/cad-2975.
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specifically: (1) the distributed parameter model of the perennial pro

duction processes which siulates the growth and output of "populations"
 

of trees under alternative development strategies, and (2) the land use
 

transition decision mechanism.
 

Sensitivity analyses and time series tracking against real world data
 

are conducted to tune the model as part of the validation process. Then,
 

with this coarsely validated but still preliminary model, policy runs are
 

made to test the simulated consequences and real world implications for
 

the economy (e.g., gross domestic product, per capita incomes, nutrition,
 

foreign exchange earnings, etc.) of such policy alternatives as marketing
 

board pricing, taxes and production campaigns. Finally, additional areas
 

for further work are discussed.
 

Introduction
 

Economic development is a process whereby individuals and groups
 

acquire greater capacity to attain objectives. Because individuals and
 

groups have many more objectives than are attainable with the limited
 

means available, development is dependent upon resource allocation.
 

Resource allocation in the development process is vastly complex and
 

affected by the dynamic interaction of a multitude of physical, social
 

economic, and political variables. Planning of resource allocation is
 

usually required in countries starting to develop because of the scarcity
 

of resources available and the difficulty of distributing the benefits of
 

development. It is well known that the development process can be highly
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insensitive to the overt efforts of planners to guide the directions of
 

resource allocation. It is also known that certain development policies 

and programs can trigger spontaneous responses within the system which
 

can lead to a sustained accumulation of benefits for the members of the
 

developing society. However, the choice of efficacious development policies
 

and programs is usually clouded by poor and non-existant information as
 

well as by the inherent process complexity. Since the social opportunity
 

costs of mistaken development efforts is quite high inmany underdeveloped
 

countries, planning tools which bring to bear relevant information as
 

well as by the inherent process complexity. Since the social opportunity
 

costs of mistaken development efforts is quite high inmany underdeveloped
 

countries, planning tools which bring to bear relevant information to
 

decision making settings and eliminate costly mistakes are desirable
 

innovations.
 

Further, the development process is characterized by the need to
 

attain a number of often conflicting objectives. These might include
 

employment, price stability, per capita income, growth in income, equitable
 

distribution of income, foreign exchange earnings, adequate nutrition,
 

education and so forth. Decision makers faced with the responsibility of
 

allocating scarce developmental resources neea analytical tools which
 

will conveniently display the multitude of trade-offs that are possible
 

among objectives--tools that will make explicit the different combinations
 

of outputs that are attainable.
 

Another complication in solving development problems (indeed, problems
 

of complex social systems in general) arises when knowledge is imperfect
 

and the future consequences of policy actions are uncertain. Imperfect knowledge
 

aks@ planning in any country a process fraught with uncertainty. Frequently,
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there is uncertainty about likely immediate and longer range effects of
 

development strategies. Further, the degree to which policies aimed at
 

one set of economic phenomena may have unintended side effects on other
 

&spects of the society is often uncertain.
 

Given these difficulties and uncertainties, researchers have turned
 

to simulation as a possible means of providing decision makers with informa

tion about the likely consequences of alternative resource allocations
 

(e.g., (4], [6] and (10]). Given specific assumptions about system 

structure (causal factors, functional relationships among causal factors 

and values of system parameters) and exogenous variables, a simulation
 

model generateo time paths of relevant endogenous variables including the
 

vector of criterion variables needed by decision makers in the evaluation
 

of alternative developmental strategies. A number of alternative strategies
 

can thus be tested and their outcomes compared and evaluated by decision
 

makers. Further, decision makers can creatively interact with a simulation
 

model-using previous simulation results to assist in the design of new
 

and improved development strategies.
 

Before moving to a discussion of the methodology employed in this
 

study we will mention two additional capabilities of the approach which
 

are also significant in the context of developmental planning. The first
 

has to do with the problem of uncertainty mentioned above. Often system
 

parameters and exogenous variables are not or cannot be known exactly. In
 

such cases it is often possible to estimate profitability density functions
 

for such parameters and variables. The simulation model is then run in a
 

Monte Carlo mode--a number of simulation runs are made for a given policy
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specification with each run incorporating a random sample of values from
 

the prescribed probability density functions. This ensemble of simulation
 

runs is then used to compute statistics on criterion variables relevant to
 

the decision-making process. This procedure makes possible the evaluation
 

of expected values and ranges of outcomes associated with policy alternatives.
 

An additional capability of the methodology is the use of simulation
 

models in an optimizing mode. In cases where it is possible to identify
 

a unique criterion function to be maximized or minimized, optimization
 

methods (search techniques, response surfaces, etc.) can be prograed
 

to interact with simulation models to assist the decision maker in deter

mining "best" policy combinations.,
 

We turn now to a brief description of the methodology employed in 

the study. Simulation is viewed as an iterative problem-solving process 

that includes problem formulation, mathematical modeling, refinement and 

testing of a computerized approximation of the mathematical model, and 

creative design and execution of simulation experiments irtended to pro

vide answers to the questions being asked by the decision makers involved. 

In our study, effective problem definition required creative inter

action among decision makers, planners, systems analysts and other 

specialists. The interdiscipliisary research team at Michigan State University 

was fortunate in having available professionals with a backlog of experience 

in the Nigerian agricultural economy. The Consortium for the Study of 

Nigerian Rural Development (CSNRD), headquartered at Michigan State 

University, provided a substantial fund of information about the country 

and served as a center for contacts with people in the U. S. and Nigeria 

who were knowledgeable about African agricultural and industrial development 
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[7]. Further, the CSNRD collaborations with AID, FAO and Nigerian planners
 

and policy makers provided us with a fairly clear picture of the current
 

governmental and planning institutions related to the agricultural economy
 

and to the tools they use to influence the economy. This aided our selection
 

of the planning clientele toward which this model should be oriented (3,5].
 

As a consequence, the major policy questions and the corresponding relevant
 

sectors, interrelationships, and variables in the Nigerian economy were
 

isolated more easily than they might have been.
 

The following are examples of questions which we proposed to direct
 

the model to answer. The list is only illustrative of what can be done,
 

and many other questions could be posed through interaction between the
 

systems researcher and the decision makers. Furthermore, they illustrate
 

the policy level at which we were aiming and, thereby, help to specify
 

the level of aggregation toward which the simulation model is oriented.
 

What would be the impact on agricultural and nonagricultural income
 

(total and per capita), per capita nutrition, export earnings and
 

export-import balances, level of demand for agricultural and nonagricultural
 

products, levels of employment, government tax revenues and expenditures of:
 

(1) increasing marketing board prices paid to export crop
 
producers (i.e., reducing the spread between world and domestic
 
prices)?
 

(2) increasing production research and technical assistance efforts
 
on export crops?
 

(3) increasing research on food crop varieties and production
 
practices, and subsequently funding production campaigns to
 
implement the most promising findings?
 

(4) stimulating private investment or making public investments
 
in agricultural input industries, storage and processing
 
facilities, and required supporting infrastructure improvements?
 

(5) stimulating private and public investment in nonagricultural
 
sectors of the economy?
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(6) instigating human population-control programs?
 

(7) promoting import substitution in various sectors of the economy
 
to provide for greater backward linkages in the economy?
 

(8) changing the distribution of incomes between rural and non-rural 
people or from relatively higher-incomed to lower-incomed people. 

A major outcome of the probiem definition phase of the study was the 

broad system conceptualization and description of Figure 1, which sumarizes 

the sectors, outputs and policy variables that must be dealt with in order 

to answer relevant questions. The overall Nigerian model subsequently 

developed [12] includes a northern agricultural sector model, a southern 

agricultural sector model, a national nonagricultural sector model and 

components which model the interregional food wirket and Nigerian popula

tion dynamics. 

Mathematical modeling and simulation in the development context of 

northern Nigeria has been discussed in an earlier paper (11]. The present 

paper will describe in some detail the modeling and simulation of an agri

cultural economy (that of southern Nigeria) which is characterized by dis

tributed parameter processes (i.e., the "demographies" of populations of 

economically important trees) and their management 'by farm decision makers 

responding to economic forces. This detailed discussion will follow a 

general overview of the southern Nigeria model, and the paper concludes 

with some results of tests of the model and an assessment of the work to
 

date.
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General Description of the Southern Modell/
 

The "southern" Nigeria described in this model encompasses the six
 

.southern states of the Federal Republic of Nigeria. Ecologically, this
 

region ranges from rain forest to intermediate savanna where annual food
 

crops typically compete with perennials (cocoa, rubber and oil palm)
 

for scarce resources. In those areas where perennials are not viable
 

alternatives, annuals (food) may compete with other annuals (tobacco,
 

cotton, etc.). The southern model is designed to simulate the economic
 

behavior arising from this annuals/perennials competition. The objective
 

is to provide a tool which the decision maker can use to conduct policy
 

experiments as part of the development-planning process.
 

The computer simulation model is composed of five basic compineat
 

(Figure 2). The first, the land allocation and modernization decisibn
 

component (LAMDAP), allocates land among various comaoditie-i in each of
 

four ecological zones of competing cropping activities (di-icussed in
 

the next section). Land transition decisions are based on the perceived
 

relative profitabilities of alternative land uses and on the availability
 

of information, either from farmer to farmer in a diffusion process or
 

from extension agents (or other commnications media) as part of direct
 

efforts to promote nodernization from outside (e.g., by the government).
 

Expansion of total cultivated land may occur as a result of these economic
 

decisions and as a consequence of a natural increase in the number of
 

agricultural decision makers. A detailed (yet incomplete) description
 

of selected features of component LA1DAP will be given in the next section
 

as an example of the internal structure of the model.
 

2/ For a full exposition of the southern model, its applications and its
 
limitations, see (1).
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The second principal component of the southern model (AMPPAP) takes 

the allocation of land from LAMDAP and, given commodity prices and yields, 

computes agricultural production, processing and marketing for the five 

commodities considered-cocoa, oil palm, rubber, food and tobacco. The 

subsistence food production depends on the level of agricultural subsistence,
 

or, conversely, on the degree to which farmers depend on the market for
 

their staple food needs. This subsistence level is computed endogenously
 

as a function of food market stability, the food price level, the level of
 

agricultural sector food consumption and cash income from nonfood
 

commodities. The processing component determines the investment in pro

cessing capacity necessary to process the raw material inputs: pals fruit
 

bunches are processed into palm oil and palm kernels, rubber latex is pro

cessed into sheets and raw tobacco is cured.
 

A third unit of the model (PG) generates world, market, processor
 

and producer prices. The domestic market prices of food and palm oil
 

are determined endogenously as functions of excess domestic demand. Export
 

comodity prices depend on export tax policies, on pricing policies of
 

the offi:Ial comodity marketing boards, and on exogenous world prices.
 

Producer prices are exponentially averaged; these averages are used for
 

the projections made to determine profitabilities in component LAMDAP and
 

as bases to which current prices are compared in AMPPAP to determine short
 

run harvest supply responses to price changes.
 

The remaining two components are the primary entry and exit points 

of the system. As policy entry points, commodity production campaigns are 

specified and conducted, marketing board and export tax policies are set, 



12
 

and income taxes may be levied. (Policy applications of the model will 

Finally, in the criteria
be discussed in a later section of this paper.) 

and macro-budget accounting component (CRTKBA), the agricultural sector 

budget is balanced, performance variables are generated and agricultural 

sector accounts are computed for the nonagricultural/national accotmts
 

component of the total Nigeria model. 

Land Allocation and Modernization Decisions

Annuals/Perennials (LAMDAP)
 

Component LAMDAP of the simulation model allocates land to the
 

production of the various commodities grown in each of the four ecological
 

zones (or crop sectors) described below. In making these allocations,
 

LA1DAP simulates farmers' choices among the alternative uses for their
 

land based on economic and cultural factors- Modernization of current
 

land uses is an alternative as Is transferring land into the production
 

of alternative commodities. In general, the land uses in the ecological
 

zones include traditional and modern perennials (i.e., tree crops), annuals
 

and bush. Following a brief description of the ecological zones, we shall
 

take a detailed look at selected aspects of the modeling of: (1) perennial
 

populations, (2) annuals and other land uses, and (3) land use decisions.
 

The range and depth of the whole model prevents any more exposition of
 

this or other components here.
 

Ecological Zones
 

Land use decisions in the southern model are based on the four
 

ecological zones (or crop sectors) of competing cropping activities-

determined roughly by climatic and soil conditions (3]--defined in the model.
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Figure 3 is a Venn diagram of these zones. Sector 1 is the area where 

cocoa competes with food crops for land and capital. Oil palm production 

competes with food crops in Sector 2 and with rubber and food crops in 

Sector 3. The fourth crop sector includes areas where food or other 

cash annuals (such as tobacco or cotton) are the only viable productive 

enterprises. 

These ecological zones are not entirely internally homogeneous. For
 

example, not all the food land in the Cocoa Sector is suitable for cocoa,
 

and vice versa. Thus, although the crop sectors are defined for ecologically
 

competitive crops, compromises were made to delineate the ecological zones
 

Cash Annual-
Food Sector 

Cocoa-
Rubber-
Palm- -

Food Sector FoSector 
I 3 

~Palm-

Food Sector 

Figure 3. 	 A Venn diagram of the ecological zones Of 
Southern Nigeria. 
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the Food Sector.)as contiguous areas. (The only exception to thi%; is 

The priuary reasons for this are twofold. First, any given farmer may 

hold some land suitable only for cocoa, some only for food and some where
 

Since the infr itructure (roads, comnunication links,
either is feasible. 

etc.) and the behavioral characteristics of farmers-e.g., risk aversion 

and confidence in government experts-which control the land use and 

modernization decisions are probably somewhat homogeneous in contiguous
 

areas of social contact, a case can be made for thus compromising strictly
 

"ecological" zones. Secondly, we will be interested in performing an
 

This budget
agricultural sector budget accounting for each ecological zone. 


includes not only agricultural income and investment but also consumption
 

expenditures of the population. To the extent that consumption depends
 

on comon behavioral considerations, contiguous crop sectors again
 

appear suitable.
 

Perennials
 

A perennial crop consists of a population of trees of various ages,
 

i.e., trees planted at different times. Since certain characteristics 

of these trees depend on their age, e.g., yields and labor requirements,
 

the age distribution of trees is very important in determining the output
 

of the crop and thereby the foreign exchange, tax revenue, income and
 

other benefits accruing to the public and private sectors of the economy.
 

Thus, it is useful to model the tree crops as a distributed parameter 

process along the lines of a demographic model, i.e., as dynamic populations 

distributed over time and productivity E1, Chapter 23. 
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The-distributed model of the demography of tree crops is lumped
 

into five production cohorts of varying lengths (Figure 4). 
 The respective
 

cohort lengths reflect the five production stages of a perennial crop
 

which the model identifies: the gestation stage, a stage of rising yields,
 

a stage of maximum yields, a declining yield stage, and a stage of old
 

trees where yields remain at some nominal level. The aging of trees
 

through the first four cohorts is modeled by distributed lags (discussed
 

below and Equation (1)). When trees finally enter the old age cohort,
 

their aging rate is no longer modeled, and trees remain there indefinitely
 

producing nominal yields to reflect their being phased out of production.
 

The model may casily be modified to incorporate a death rate for trees
 

in this last stage. However, rather than actual "death," this is more
 

of an economic decision of the farmers to permanently abandon old trees
 

(thus allowing eventual reversion to bush), i.e., an economic death rather
 

than a physical death. Such abandonment is thus determined in the
 

model as a land use decision in the same manner as are planting rates
 

(births) and transitions out of the population to other commodities, modern
 

or tradipional.
 

The distributed lag model [8] allows us to simulate, in effect, a
 

probability density for the time it takes trees to pass through each stage
 

[9], i.e., not all trees entering a particular production stage at the
 

same time will leave it at the same time. For example, suppose the stage
 

of rising yields is a six-year cohort (as it.is for traditional palm).
 

Some trees entering this stage after gestation may actually reach maximum
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yields in less than six years, while others may require considerably more
 

time. On the average, however, traditional palm trees take about six years,
 

once they begin to bear, to reach maximum yields.
 

A parameter k determines the shape of the probability density of 

maturation rates (Figure 5). If k - 1, an exponential distribution is 

assumed, and, as k w-, the distribution (. ganima distribution) approaches 

a normal distribution. The lag Is called a kth-order delay, and it is 

equivalent to k first-order (exponential) delays in series, where the 

output of one stafge Is the input to the next. Whatever the value of k, 

the mean lag time f r the cohort (the mean of the distribution) in given 

by the parameter DEL. 

Each production cohort 1 thus modeled an a third-order distributed 

lag (k - 3)Y" Tho aging rates and levels of the cohorts ire updated each 

time period by Equations (1)and (1), whore transition rAtes out of the 

population otk from eaich of the Intermdiate rates proportionately 

( quation (2)). 

COli 1n(t) - CoalWtjn(t-DT) + P'-T)yA(COlIn~( 1),1 (t-DT) cOttDRn(t-DT)i 

I 1 1,1 0 3 1 

COH)RLjn (t) * Colljn ta(l - TRIMITj (t)*DTe3/(DKL j os0 a)) (2) 
nol 

TglPUn(0)" 'LC0101~ (t) () 

3/ The una tif i thtrd-ordtr d4ly ast to point to a "boll par* appmaitoim, 
Addittonal dsto oio the ,toth4nd aging of particulafr (fm poplotimonMa ld 
perhap3 lad to frltnei Vattmaito of b6 h0lV*r, unat|i~lty ei0lyee 
Indicate that w~o4d roapana is often rolittvly Inoon*attv# to cwt#eo 
In thi p4r4tfr. 
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where: 

CO1DRi . the three first-order delay rates (i - 1, 2s 3) of a 
third-order cohort delay, after accounting for transitions 
out of the cohort poptmlation--acres/year 

DEL - the mean lag time of a production cohort--years 

DT - the time period of a simulation cycle--years 

TREXIT = the rate at which land leaves a cohort by transferring out 
of the population to other uses (determined endogenously by 
the decision mechanism discussed below)--acree/year
 

TLPER - the amount of land in a cohort-acres
 

j a indexes the cohorts--j - 1, ... , 4
 

n a indexes the perennial population streams--n 1 ... , 8.1, 


When I - 1, CO)WRoi n is the rate land enters the cohort. If J - 1, (the 

first cohort--gestation stage--of a perennial population stream), COIlDR 01n 

is the planting rate determined by the lend use decisions. Otherwise, 

COKDRojn it the output rate of the previous cohort, where the output rate 

of cohort (j-l) t CODID3(j.l)n. 

The level equation (Equation (3)) indeed gives the exact storage of 

the cohort delays for all t. We can see this by examining the differential
 

equati e describing the ith stage of the distributed delay process 

(L a 1, 2, ), .,., k)t
 

Srjm - r1. 1(t) - r1(t) (4a)
 

wherwa
 

D1- * ... - k -* O .,/h. ead
 

a(, isa t.n (3).
-C€Wm%.(t) 

Uef., r the os ttleu tre e deiy stage God r.l(t) tho( ) total 

total tsftw. Clerly lbs rIh side is the "ate of of storoge Lt 
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the Ith delay stage. Hence: 

dr( t ) 

dt 
dQi(t) 

dt 

vhere: 

Q- - the storage in the ith stage. 

On Integrating we get: 

QI(t) - Qi(o) - Diri(t) - Diri(O) (4c) 

It can be shown that Qi(O) a Dir 1 (0) and thus that: 

Q1 (t) - Diri(t) (4d) 

for all t. The total storage, Q(t), in a k-stage delay process is, 

therefore: 

Q(t) - k Dirl(t ) 

i-i 
(4a) 

vhere: 

Q(t) - TLPERjn(t) in Equation (3). 

There are right perennial population streams in the model: (1) tradi

tional cocoa, (2) rode'r,i cocon, (3) traditional pnlm (Palm Sector), (4) modern 

palm (Palm S;ectur). (5) tritliounl ruMer, (6) modern rubber, (7) traditional 

palm (Rihh.z- l'a In t tor) a.,td (81) muole.r, palnt (V ,tbbr-l'aIlm Sector). All 

streams art mthle,.d 1,y I',jo.it i|t',i (I) - (3) wiCh the production nitnges Rhown 

In Figure Is. host th. IPIo'thi, of th," prodthction titage i differ from one 

perennial to ,iiolhsr. !;i'it lai f li c-,l difft rernct.n (e.g.. lengtht of pro

duction atn.,'n, yi-ld.) srt- the prir..iry renon for imodeling modern and 

traditional rnrrii,,ialu nepnrnt.] , llowever, thv, difference between the 

modern and traditional population streams of a perennial comodity is not 
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only biological-i.e., modern high-yielding and/or disease resistant
 

hybrids versus traditional low-yielding, diseased varieties-but also
 

cultural. That is, the term "modern" also encompasses improved managerial
 

practices such as spraying, weeding, fertilizing, spacing and pruning.
 

Improved harvesting techniques, particularly rubber tapping, are also
 

subsumed under "modern."
 

Annuals
 

Annual crops include staple food and a cash annual which competes
 

with food in Sector 4 (Figure 3). The cash annual currently considered
 

in the model is tobacco; however, the general mechanism could just as
 

easily simulate the production of cotton, kenaf, or some other annual.
 

Bush is all unused arable land, including land in fallow. Swamps, other
 

wastelands, forest reserves and the like--commonly.called "bush" but not
 

available for smallholder agricultural production--are not treated in
 

Each of these land uses is modeled by a simple level equation.
the model. 


Equation (5) models food land; tobacco and bush land are similarly
 

/

treated.4


TLFDk(t) - TLFDk(t.DT) + [RINFk(t-DT) - ROUTFk(t-DT)]*DT (5) 

where:
 

TLFD a total food land-acres
 

4/ Clearly, this equation represents numerical integration by Euler's
 
method. More sophisticated integration rules can be employed if appropriate;
 

however, this simple rule greatly facilitates the programming of an extremely
 

large model (2000 to 3000 equations). The resulting accuracy and computer
 
running time are acceptable. The entire Nigerian model can be run for 40
 

years of simulated time in about 40 seconds on a CDC 6500 computer.
 

http:TLFDk(t.DT
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RIN? - rate land from other uses is planted in food-acres/year 

ROUTF - rate food land is transferred to other uses-acres/year 

k - indexes the crop sectors-k - 1, 2, 3, 4. 

Other Land Uses
 

No further possible land uses are considered in the model. Alternative
 

perennials (such as citrus, coffee and kola), non3taple foods (such as
 

pineapple, banana, plantain, beans and green vegetables), and more than
 

one cash annual alternative are ignored. Such simplifications-necessitated
 

by our resource constraints (principally data and computer storage)--are
 

justified by the relative economic insignificance-current and potential-

of the land uses excluded from the model. Further research will be necessary
 

to-either confirm this judgment or to expand the model to treat the potential
 

production of more commodities.
 

Alternatives
 

In principle, every current land use is a conceivable alternative to
 

every other present use in the some ecological zone. In practice, however,
 

certain simplifying behavioral assumptions can be made which will reduce
 

the myriad alternatives to be considered.
 

Table 1 displays the present uses and the alternatives considered to
 

each. The last column shows the planning horizons (the time into the future
 

considered by the decision makers) relevant to each alternative. The
 

second column in Table 1 lists the conceivable alternatives that we have
 

'assumed away." 
 Some of these assumptions are quite reasonable. For example,
 

it may be safe to assume that modern cocoa, say, won't be cleared and
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Present Use 


1. Traditional perennials 


2. Modern perennials 


**3. Cash annal (tobacco) 


4. Food 


5. Dh 


Alternatives Omitted 


a. Food 

b. Traditional replanting 

*c. Traditional new planting 


of the other perennial 


a. Food 

b. Traditional replanting
 
c. Modern replanting
 

*d. Traditional new planting
 

of the other perennial
 
*e. Modern new planting of
 

the other perennial
 

a. Traditional new planting 

of the Ist perennial 


*b. Traditional new planting 

of the 2nd perennial 


c. Abandonment to bush 

(other than fallow) 


Alternatives Considered 


a. Improvement 

b. Modern replanting 


*c. Modern new planting 


of the other perennial
 
d. Abandonment to bush 


a. Abandonment to bush 


a. Food 

b. Abandonment to bush 


a. Modernization of food 

b. Modern new planting of 


the 1st perennial
 
*c. Modern new planting of 


the 2nd perennial
 
**d. Cash annual (tobacco) 


a. Traditional new planting 


of the Ist perennial

*b. Traditional new planting 


of the 2nd perennial
 
c. Modern new planting of 


of the lst perennial
 
*d. Modern new planting of 


the 2nd perennial
 
e. Food 


*Cf.Cash annual (tobacco) 


Peremijal alternatives do not apply to Sector 4. 
AAlternatives vith one asterisk (*) apply to Sector 3 only. 

eC Alternatives md present uses vith two asterisks (**) apply to Sector 4 only. 

TABLE 1 ALTERNATIVE LAND USES
 

Planning Horizon
 

Remaining life to 30 years
 
30 years
 
30 years
 

Remaining life to 30 years
 

Remaining life to 30 years
 

I year
 
I year
 

1 year
 
30 years
 

30 years
 

1 year
 

30 years
 

30 years
 

30 years
 

30 years
 

1 year
 
1 year
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replanted with traditional varieties; or that traditional cocoa won't be
 

cleared and the land planted directly in food. Other assumptions, however,
 

may bear closer scrutiny and may possibly have to be reconsidered, especially
 

if they unrealistically constrain the land allocations.
 

Land Use Decisions
 

Land use decisions depend on the relative profitability of each
 

alternative, on modernization promotion efforts, on diffusion effects,
 

on the availability of land and capltal, and on the behavioral character

istics of the farmers making the decisions. Figure 6 broadly indicates 

how these considerations, discussed In detail below, determine land use 

patterns in the model.
 

Profitabilities
 

Farmers' decisions among the alternative uses for their land are
 

based upon their perceptions of the relative profltabIlittes (Equation (6)) 

of the available: alternatives. Lanid use profitabilitien are defined am 

the present value of the ntream of net Income which tirim ra expiect to 

receive over nome relevant planning horizon. (Ste the latt column in 

Table 1.) The model computes (Equation (7)) the sum of the discounted 

present value of returns to a land use from the present up to the planning 

horizon.
 

PDRjj(t) (DPVSUx(t) - DPVSUM.(t)) I ##00 

IDPVSUj(t)o 
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wheres 

PDR & the profitability differential of an alternative land use
 
relative to a current, or present, use--dimensionless
 

DPVSUM - the discounted sum of returns over the planning horizon 
for a land use (see Equation (7))--Z/acre 

I n indexes the alternatives to a present use--i - 1, ... , nj 

n the number of alternatives open to a present use (see Table 1) 

j , indexes the present uses of a crop sector (ecological zone). 

The profitability of a land use, DPVSUM, is computed by Equation (7).
 

n ('T,

DpVSH(t)R(t) 

-

TCk(t)) 

k-l (1 + DR)k 

wheret
 

DPVSlUM - an defined above
 

o., the meaningful planning horizon (see Table l)--years 

TR " total revenue expected k yearn in the future--f/acre-year 

TC - total coit expected k yearn in the future--t/acre-year 

DR w the diijeount rat e--%/yver 

k w indexen the years of th, planning horizon--k - 1, ... , n. 

In general, comparting the discounted present value of the total future 

returns accruing to an alternative, tiny new planting of a modern perennial, 

with that of a present use, tay food, would be meaninglens In view of the 

fact thot. ench Jo based on a different planning horizon. In this case, 

the planning horizoni for new planting if; 30 yearn, while that of continuing 

with food production (an annuinl crop) In only one year. (See Table 1.) 

To avoid thin difficulty, profitnbilitien are computed using the longest 

planning horizon (of the alternatives being compared) as comon to all. 
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Since we are concerned with the decision functions of farmers, the
 

streams of future revenues (TR) and costs (TC) used in the profitability
 

calculations should reflect the farmers' expectations. Thus, the producer
 

prices used to compute TR and TC (which computations are not shown here
 

due to space limitations) are five-year exponential averages of recent
 

prices. Similarly, the stream of yields farmers expect are the yields
 

they currently experience rather than the potential production reported
 

by experiment stations. The model (component AMPPAP, Figure 2) simulates
 

a "learning curve" behavior where actual yields approach their potentials
 

with time (an exponential delay) to reflect farmers gaining experience;
 

this is particularly important when considering the adoption of new
 

cultivational technologies.
 

Information Units
 

In estimating the profitability differentials of various alternatives,
 

the farm decision makers require certain informational inputs. These
 

include information on future producer prices, expected yields, government
 

or private subsidy and loan programs, and expected costs. The model
 

provides this needed information through "information units."
 

We introduce the general concept of an information unit so that
 

consideration can be given to possible alternative means of disseminating
 

information and promoting prodaction campaigns. Of course, extension
 

agents will be the main form of promotional information units. (Infact,
 

diffusion_5/ and promotion information are both modeled in units of extension
 

5/ Diffusion is the process whereby new methods, technologies, etc. are
 
spread by demonstration--"farmer-to-farmer," so to speak [13].
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agent equivalents.) But, in addition, radio broadcasts, film shovings
 

and newspaper coverage can be used by both government and private agencies.
 

While promotional information units (extension agent equivalents)
 

are endogenously generated elsewhere in the model as a policy, the model
 

also computes (Equation (8)) diffusion information units to represent the 

demonstration effect of farmers learning from one another about alternative 

land uses. The demonstration effect of an alternative to a present land 

use depends on the amount of land in each use: if there is no land in
 

either, no diffusion information units are generated, while the diffusion
 

rate is greatest when there is as much land in the alternative use as in
 

the present use. Thus, the rate at which diffusion information units are
 

generated reflects the s-shaped curve of diffusion theory [2,13].
 

- TLAVDHi(t)*TLALT (t)*CIUD i 

DI j (tJ TLAVDi j (t) + TLALTi(t) ( 

where: 

DINF - diffusion information units-extension agent equivalents 

TLAVD - land in a present use suitable for an alternative by 
diffusio,6--acres
 

TLALT - land currently (at time t) in the alternative use-acres
 

CIUD - a coefficient reflecting the information effect of demonstration
 
land units--units/acre
 

i - indexes the alternatives
 

J.- indexes the present uses.
 

6/ Because of the nonhomogeneity of the crop sectors (discussed earlier). 
not all land is available for a particular alternative. 
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Transition Response
 

Changes in land use patterns reflect farmer responses to the perceived
 

The assumpprofitabilities of the cropping alternatives available to him. 


tion is made that the most profitable alternative is likely to be the first
 

choice of most of the decision makers, and so on in order of decreasing
 

profitability.
 

The profitability response function (Equation (9))V!determines how
 

many acres of land an information unit (either extension agent promotion
 

or diffusion effect) can "convert" per year from one use to another. This
 

calculation depends on the profitability of the alternative, the efficiency
 

of the information unit (see below), the land available for transition and
 

the behavioral characteristics of the farm decision makers. Figure 7
 

diagrams 	this response as modeled by Equation (9).
 

Prof tability Response (PR)
 

-

C3-


Response
 
RateLarge
 
(SHAPS E ResponseeRatee 

/ / small
 
(SHAPE)
 

0 	 Response Relative Profitability (PDR) 

Threshold 
(THRLD)
 

Figure 7. The profitability response function. 

7/ Equations (9) and (10) coupute the diffusion response. Similar equations
 
handle the response to exogenous promotion.
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The efficiency of an information unit ts the maximum number of acres
 

it is able to convert in a year as the profitability of the al.ernative
 

(PDR) gets large. Equation (9)actually computes the proportion of that
 

efficiency which can be attained for a given profitability. The maximum
 

proportion is, of course, 1.0; however, if there is a land constraint
 

relative to the nunber of information units and their efficiency (computed
 

elsewhere), the maximumactually attainable (C3) will be something less
 

than the potential efficiency.
 

PR1j(t) - max(C3ij*(l - exp[-SHAPEij *(PDRij(t) - THRLDiJ)]) 0.) (0)
 

where:
 

PR - the profitability response to diffusion--proportion
 

C3 - the maximum proportion attainable
 

exp - the exponential function
 

SHAPE - the rate of diffusion response with respect to the profitability
dimensionless
 

THRLD - the response threshold--dimensionless
 

PDR - the relative profitability differential (Equation (6))
dimensionless
 

i - indexes the alternatives
 

j - indexes the present uses.
 

The threshold and response rate -Irametersshown in Figure 7 reflect
 

the farmers' attitudes and behavioral characteristics which affect the rate
 

of their land use transition responses to the relative profitnbilitien of
 

the various alternatives facing them. Some of the factors represented by
 

these parameters include the degree to which the trees are fixed assets.
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be different for promotion responses and for ditffvoto respooo. 

The traostton rates (9quatton (10)) are coostratnd by evoIlDl6 

capital and lag8ed to account for dectsioo-wkinS delays and (I the came 

of externally proooted alternativeo) delays Involved in program edmlIotr*

tion and in the distribution of necessary inputs (eels rtilier ) ad 

subsidies. 
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unit-year 

DINT mditfusion Inforuatio" unite (quation (1)) 
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i a Indexe. the alternatives 
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Thus, TSS would be somewhat greater than 52. Initial tuning of the
 

southern model achieved TSS - .788.
 

Policy Applications
 

As this is a policy-oriented model, there are a number of places 

vhere the policy maker can enter the simulated system to perform experiments. 

There are two primary classes of experiments which may be conducted: one 

involves changing system parameters and technological coefficients to see 

the effect on the model's performance, while the other class of experiments 

includes actual policy trials.
 

Parameter Sensitivity and Policy Making
 

Briefly, two purposes may be served by experimenting with different 

values of system parameters and/or technological coefficients. First, the 

policy maker may feel the valuei of tiome of these paranmeters are not 

realistic, or heo may be. unnure hiimself as to what they should bc. By 

he Itgetn real ientering vluctiS .1d to be more tic, liv will be able to c')mparo 

what effect different parame ter valtti have on the i;Imulated behavior of 

the ays tem. If hy tem behavior in I titsen iLve to changes in ome parameter, 

the policy maker need not concern himself further with that parameter. 

On the other hand, a parameter which does signifleantly affect system 

performance would piy a role in future policy and planning decisions. 

Secondly, It would he potslible to evaluate likely conequence of invest

ments in nletriiattve arean of renearch--e.g., the (development of high

yielding hybrid varieties, or renenrch Into the use of chemical sprays 

and fort I I Ivern--by making corresponding changets In the relevant technological 

coefficients, i.e., per acre yields, labor input requirements, or other 

input requirementsr and costs. 
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Policies
 

Three basic policy points are structured in the simulation model,
 

Policies may be set and experimented within any one or combination of
 

the following areas: production campaigns, marketing board pricing
 

policies and tax policies.
 

A mechanism is built into the model which will allocate a given
 

modernization budget among up to five production campaigns. This budget
 

is used to generate the promotional information units (particularly
 

extension agents) discussed earlier in the description of the land alloca

tion component. Cash and price subsidies, technical assistance to farmers 

entering tle campaigns and campaign overhead expenses are also paid out 

of the modernization budgt. Potential modernization campaigns include the 

planting of hl.h-yielding hybrid perennial varieties and/or tile adoption 

of improved cultivation techniques, e.g., fertilizer application, weeding, 

etc. Table 2 defines the 17 possible production campaigns; any five of them 

may be considered by the southern model at a time. 

The second major policy area which can be Investigated with the 

model is marketing board pricing policies. Most export commodities in 

Nigeria are handled through no-called "marketing boards" which buy from 

farmers at one price, perform marketing and other services, and sell in
 

world commodity markets at a higher price. Marketing boards in general
 

have the power to set producer prices as a matter of policy, whereby
 

the boards may generate surpluses for themselves or run at a loss. These
 

producer prices can have significant impacts on producer incentives and
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Table 2 

Production Campaigns
 

Campaigns 

1, Cocoa improvement
 
2. Cocoa replanting
 
3. Palm improvement (Palm Sector)
 
4. Palm replanting (Palm Sector)
 
5. Rubber improvement
 
6. Rubber replanting
 
7. Palm new planting from rubber
 
8. Palm improvement (Rubber-Palm Sector)
 
9. Palm replanting (Rubber-Palm 	Sector) 

10. Rubber new planting from palm
 
11. Cocoa new planting from bush/food 

12. Palm new planting from bush/food (Palm Sector)
 
13. Rubber new planting from bush/food 
14. Palm new planting from bush/food (Rubber-Palm Sector) 
15. Food modernization (perennials sectors) 
16. Food modernization (annuals 	sector)
 
17. Tobacco new planting from bush/food (annuals sector)
 

Definitions
 

1. Improvelhent of perennials: the application of modern inputs (e.g.,
 
fertilizers, sprays) and improved methods
 
of managerial control (e.g., weeding,
 
spacing, tapping) to traditional bio
logical varieties.
 

2, Replanting of perennials: 	 replacing traditional varieties with modern
 
hybrids (e.g., higher-yielding, disease
 
resistant) and applying modern inputs and 
cultivational practices.
 

3. 	 New planting of perennials: planting modern hybrid perennials on bush 

or food land (or replacing another perennial 
counodity) and applying improved 	methods.
 

4. 	 Modernization gf food: introducing improved varieties and/or 

methods into staple food crop production. 

5. 	 New planting of tobacco: introducing tobacco (or some other cash 

annual), presumably under modern production. 
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hence commodity outputs. With simulation runs incorporating different
 

levels of marketing board surpluses for each commodity, questions can be 

answered regarding the likely consequences these policies will have
 

on production levels, foreign exchange earnings, agricultural income and
 

other relevant economic performance criteria.
 

Finally, the model allows experimentation with several kinds of taxing 

policies. Specifically, income taxes can be set on agricultural producers,
 

processors and marketers, respectively, and profit taxes can be levied on agri

cultural processors. In addition to these, different levels of export taxes
 

on the various agricultural export conunodities can be experimentally tested.
 

Results of Illustrative Policy Runs 

Table 3 shows the results of a seriea of policy runs testing various 

combinations of marketing board policies and three of the 17 possible 

production campalgns (Table 2). The three considered here are: 8 / 

(1) the improvement of traditional palm in the Palm Sector (Figure 3), 

(2) the replanting of tubber, and (3) the new planting of cocoa. The pro

duction campaigns ran for ten years, 1963-1973, or years 10 to 20 of the 

simulated time period. Runs 1 through 9 (Table 3) expended a budget of 

£20 million on the production campaign, while Runs 10 through 14 divided 

£40 	million among the commodities modernized. 

Results of the policy rutn may be analyzed by a policy maker in a 

number of ways. An only one example, suppose we are interested in increas

ing agricultural sector disposable income. This is income--not of operating 

8/ See Table 2 for definitions of improvement, replanting and new planting, 
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expenses, debt service and interest, taxes, and food expenditures--available
 

for consumption nnd investment. From this point of view, Runs 4 and 7
 

generate the best and the poorest results, respectively.
appear (Table 3) to 

Table 4 fihowsj the percent difference between the standard run (Run 1) 

and Runs 4 and 7 for each of the ten performance criteria. The percent 

differences in the runs yielding the highest and lowest values of these 

4 or 7.criteria are also given where these runs are other than Runs 

These runs indicate that policies generating the highest level of 

disposable income also result In high foreign vxchange earnings but very 

low marketing hoard surplusets. On the other hand, the run resulting In 

the highest marketing board surplu,,;rs (Run 11) also generated the highest 

fopd prices and lowest nonagricultural ector food connumpt ion. A middle 

ground might be reached an indicated by Run 3 (Table 3). It would be up to 

the policy maker to make the decision as to what results are "best" or 

course, analysis"desired." Such a decision would, of require more extensive 

and experimentation with these and others of the 17 modernization campaign 

programs described In Table 2-

It must e noted that these results are from a very coarse model. 

A good deal of refinement and validation must precede actual implementation 

of the model. A striking example from Table 3 In the dramatic rise in 

disposable Income in the Palm Sector and, to a lesser degree, the Rubber-

Palm Sector when new plant ing of cocoa I" ntimulated (Runn 3 and 4). Also, 

./ See [12, Chapter IX] for more extenniva illustrations of policy
 
applications using the total Nigeria model.
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l#plantIog 346.3 820.3 231.2 219.3 8,585 26,8100 86.72 .02567 684.9 59306 

ii. (.o, new Plant
insAa, polo 
ia oaeoidant (Palo 
Sadlor) 342.2 563.7 134.7 279.5 8,810 26.180 57.00 .02630 687.1 588.3 

17.Out-bogreplanting 
andpolo imp'rove
mane (Palo lector) 265.1 3114.11 96.18 183.0 46249 21,060 27.68 .02130 669.1 629.6 

In&. tubber Fm
plant ing and palm 

lopr..vemeni (palm 
Barto#) 340.6 566.8 140.0 273.4 6,669 26,020 86.56 .02$09 1117.1 591.5 

14. Run 11 Witll 
muaskerin1mgb,'ro 
surplus proportions 
0 o 1 16. 1 360.2 136.3 216.6 8,509 25.760 1 .002882 .02580 86.6 592.1 

NoK mrJmmnisatinni all marlieting board surplus propoftluee 
bl Mo.derncocom Pleated on bush or food land, 
j/ Modiern rubber veplaringl traditional rubber. 
Al IlWOr" methods seetraditional Palm. 

N. 
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4. Cocoa new planting
 
with cocoa market

ing board surplus
 
+20.0% -. 233% -5.66%
 

proportion = 0 +45.7% +73.8% +62.1% +47.3% +103.% +24.5% -91.4% 
i0
 

7. Palm improvemeat
 
(Palm Sector) with
 
palm oil marketing
 
board surplus pro

+.467% -.333%

portion = 0 -8.45% -27.1% -34.5% -4.09% +.164% -2.56% +.868% +.186% 


Run with highest value
 
+.271%


(in parenthesis) +63.8% - +24.7% +214.% +22.6% 

Run with lowest value
 
-- -5.18% -.329% -2.6% 1 -99.99% -.758% -6.38%

(in parenthesis) -9.15% 


The last two rows are used if the highest or lowest value occurred in a run other than Runs 4 or 7.
a/ 

Figures are percent differences from the standard run
Definitions for such runs are in Table 5.6. 


(Run 1).
 

Table 4 

Highest and Lowest Values of Performance Criteria:
 

Runs Generating Highest Disposable Incomes
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modernizing pals production (Runs 7-9) causes these incomes to fall. 

The model which generated the results of Table 3 inadequately represented 

the domestic palm oil market. Demand was perfectly inelastic (unresponsive) 

to changes in price and the importation of palm oil (once the domestic
 

price reached the import price) was not possible. (These shortcomings 

have since been remedied.) 

It is a fact in Nigeria that palm oil exports have been falling as 

the domestic demand grows with the population and production declines 

with aging trees. The model projected this decline to zero, at which 

point excess demand drove the price (and incomes) up. Hence, the lover 

income resulting from palm modernization (increased production) is due 

to less excess demand. In addition, bush land in the cocoa sector produces 

palm products from wild trees-more a gathering process than cultivation; 

thus, as bush land is planted in modern cocoa, less palm oil is produced 

from this sector, creating greater excess demand. The resulting higher 

prices increase the incomes in the palm producing sectors where production 

capacity is at the same level as without the cocoa program. Although
 

these responses are quite valid, the model's shortcomings mentioned above
 

greatly exaggerated them.
 

We have analyzed this problem in relative detail here to illustrate 

vith one example the complexity and significance of many of the indirect 

and feedback effects the model is capable of simulating. Any implications 

of these or any policy runs must be drawn with an understanding of this
 

complex behavior. That understanding will depend in part on the subjective
 

degree of confidence the policy maker has in the behavior and underlying
 

structural assumptions of the model.
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Conclusion
 

The model is still preliminary, and much validation and refinement 

are necessary before it is ready to be institutionalized as part of the 

development-planning process. Extensive field survey work will serve to 

sharpen up the enormous data requirements of the model and to confirm the
 

structural assumptions. The data include: (1) technological coefficients
 

(e.g., yields, labor and capital requirements, etc.), (2)behavioral
 

parameters (e.g., the discount rates and profitability response parameters
 

of the land allocation mechanism discussed earlier), and (3) initial
 

conditions, such as coodity prices and acreages in the various crops.
 

In some cases, it would be useful to introduce probability distributions
 

for uncertain parameters which are known to be significant in their effect
 

on model behavior. The model would then be run in a Monte Carlo mode to
 

compute statistics for important output variables.
 

Some of the structural assumptions which must be subject to confirmation
 

or modification are: (1)whether labor is a constraint to expanded agri

cultural production (it is currently assumed not to be a constraint); (2)
 

whether some of the land use alternatives assumed away for simplification
 

(Table 1) should be added to the model; and (3)whether the capital constraint
 

to increased production (Equation (10) above) adequately represents the
 

actual situation. Indeed, it may be that the phenomenon of a capital
 

constraint cannot be fully incorporated in the model until the whole
 

question of the distribution of income in the agricultural sector is,modeled
 

explicitly into the land allocation decisions and production behavior.
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In addition to field surveys, a reprograming effort will be needed
 

before the model can be implemented. A user-oriented package of generalized
 

components is necessary to: (1)provide a simple procedure for defining
 

and conducting policy experiments; (2)display simulated results in easily
 

readable form; and (3)allow components to be easily removed and reassembled
 

as needed for application in different countries.
 

In conclusion, a system simulation model such as the one presented
 

here can be a useful and valuable tool in the development planning process,
 

providing a comprehensive view of a complex process while at the same time
 

facilitating policy experimentation. Such models arc characterized by a
 

high initial cost (reflecting the costs of data acqui:;ition and modeling)
 

but a very low recurrent (user) cost as the todel I!; u-;ed to explore a 

wyriad of policy options. The policy decision naker, It%tvaluitinp, simulated 

results, must be aware of the assumptions and simplific.ation:i built into 

the wodel, and he must appreciate limitations thnt exist vis-,)-vts the 

questions the model is capable of addressing. Furthernore, the model 

described is principally an economic model which will indicatc the likely 

economic consequences of alternative policies; It was not de!igned to
 

directly answer social or political questions. Thc policy-moking process
 

must still be responsive to the political pressures and social Interests
 

which are indispensable components of that same procesn. In short, a
 

simulation model, while potentially an integral and important part of the
 

decision-making process, will not replace the decision maker. It will,
 

however, give him more information, help to identify new and economically
 

feasible policy options, and sharpen his intuition in the process, thus
 

making for better decisions.
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