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A3E3RACT 


The problems of planning for economic developnent 

arise from the interplay of the political, social 

and econcmic subsystems of a develooing countr.
 
These proble=s are characteri:ed by the uncertainty 

necessarily inherent in any process of planning for 

the future--uncertaintv arisirg both frc the quan-

tity and quali:/ of avallable data and froo the 

difficulties of icrecasting hcw a larze-scale system 

of complex interactive and fcecback relationship% 

vill respond to policy inpucs. In this paper, we 

discuss generalized systen si:u11a:ion as an approach 

to dealing with these p:cb _a. ..e viev this 

approach as a flexible, iterccive, problen-investi-

gating process that includes proble= formulation.
 
mathematical rodelng. testing and refinezcnt of the 

model, and model application to problem solution--

all In close consultation vitn decision makers. 

This discussion illibe follc;ed by a brief des-

cription of a policy-oriented, syste= simulation 

model of the Nigerian econcnv. The rodel consists 

of tvo detail:d regional agricultural subnodels, 
an aggrgated national nonagricutiural :,ubmodel, and 

components which model Nigeria's population and the 

Interregional trade in food. The policy options
 
the current model is capable of investigating in-

clude programs to moderni:e agricultural production 

and various forms of tax and cou=odity marketing 

board pricing policies. Finally, we outline how 

the generalized system simulaticn aooroach could be 

Implemented within the development-planning and 

policy-making proccss, including the use of a hier-

archical "library" of models. 


ZN! PROBLEM 

(1) 

Colamand Geiger have defined development plan-
ninu as: 

. . . deliberate, rational, continuous efforts 

by governrunts to accelerate the process of 

development and to chantzcl it into desired 


tOther members of the sirulation team include Tom 

V. Carroll. Marvin L. 11ayenga, Derek R. Bverlee,
lberr . Halter. KLong-Yuan Ch:ng and lenn L. 


Johnson, project director. 'he work reported here 

vea performed under Cnited States Agency for Inter-

national Development contzacts AID/csd-1577 and
 
AILD/csd-2975. 


directions by means of the comprehensive and
 
detailed choice of objectives and the deter
minatiLn and allocation of the resources nec
essary for their achieve=ent.* (p. 272)
 

Thi3 definition of development planning implies a
 
uhole range of co=plex problems uhich have bedeviled
 
planners. The key words (empnasized above).stress
 
the notion thzz development planning is as =uch a
 
political effort zs it is a socioeconomic cne.
 
The basic problem which makes planning essential to
 
the development process is the allocation of scarce
 
resources in an uncertain envircn=ent of cc=piex
 
interactions among physical, social, economic anri
 
political forces.
 

Two principal types of uncertainty can be identified
 
in this context: state uncertainty and process un
certainty. State unczrtainty arises from a scarcity
 
of reliable knowledge about prerent and past states
 
of the economy and of the society fn general. In
 
:his situation, it is difficult to identify and
 
measure needs accurately and to define =eaningiul
 
objectives. State uncertainty is baeically a data
 
problem.
 

Process uncertainty, on the other hand, is much rore
 
than a data problem: it is privarily a problem of
 
understanding how the socioeconomic system coeraces
 
as a process, as an evolving behavioral phenocenon.
 
Certainly. in arte--oting to explain hcw the systen
 
behaves and responds to external stimuli, knowiedge
 
of past etates is necessary; but it is not sufficient.
 
Theoretical coeels of causal and structural 
relatico
ships are also necessary. The process uncertainty
 
problems encountered by development -lanners and
 
policy makers make it extremely diffi .ult to fore
cast even the relative (much lees absolute) short
and long-run effects of alternative development
 
strategies. In particular, the deRree to which
 
policies aimed at one set of eco.omic and social
 
phenomena may have unintended side effects ("gcod"
 
or "bad") on other aspects of the society iG often
 
even more 
it doubt than the direct consequences.
 

In short, even if meaningful development objectives

could be defined, the opti,un path to the attainent of those objectives--that is, the caxini:atlon
 

of "goods" and the minimization of "bads"--uould lie
 
in darkness.
 

*Emphasis added.
 



supplies the larger model with the decision vector 


X over tire, while the larger model generates for 


the LP the tire paths of the price vector C, the 


activity rntrix A and the constraint vector b. 


Conceptually, a simulation model of an economic sys-


toa can bt viewed in the following gencral mathe-


matical form: 


(t+l) - F[0(t), a(t), B(t), y(t) I 

W(t) - C{((t), t), 6(t). Y(t)] 

where: 


( n , of variables defining the state of 


Lhe nimulated systen at any given time. 


State variables nay include such quanti

ties as production ca:acities, prices, 


population by subgroups, levels of tech-


mology, etc. 


W(t) o a set of output %iariables, including such 
performance reasares as proilt, income, 

growth rates, balance of trade, employment, 
etc. 


o(t) a a set of parameters defining the structure 
of the system. These usually involve 

rates of change of variables between levels 


and input-output coeificicnts, such as 

technical coefficients, behavioral response 

parameters, price elasticities, =igration 

rates, birth and death rates, etc.
 

1(t) aa set of environmental variables, such as 
vo-ld prices, weather, etc. 

1(t) - a set of p..licy instru.ents, such as tax 
policies, production campaigns, investment 

Olternatives, etc. 

Te state equation is a general representation of 


the difference equation forrulation of the system 


model which desctibes the state of the system at 


discrete points in tire. The output equation 

generates the perforrance criteria r necessary in 


the model applicaticn stage to evaluate, in terms 


of the goals specified in the orobiem definition, 


the performance of the system over time under vari-


ous policy alternatives. 


Ibis general formulation of a simulation model ie 


realized in the hundreds or even thousands of
 

parameters and structural relationships (depending 

on the size of the rodel) actually incorporated in 


the model. Specification of the nodel, given the 


problem definiticn, requires: (1) precise descrip-


tion of the model cccoonents; (2) explicit alge-


btaic and difference equations to represent the 


structures and cechanis.s within components and the 


linbdges between cerponents; and (3) progra-ing 

Jnt computer implementation. 


In modeling a socioeconomic system, we note that 
iny of the underlying processes of that system are 

continuous in nature. Others. considered continuous 
when viewed in the aairegate, ire really made up of 

discrete events. Exa-les r the for-et include 

demographic processes of populations (of people, 
1 0


trees or cattle) aging through tire.( ) An 

- Itple of the latter is the social diffusion of 


innovations, which may be modeled In the aggregate
 

as a continuous diffusion mode!(
2 ) or on the micro
 

level as the discrete decisions of individual
 
"1 1 ) 
 i
entreprzneurs.
 

Continuous processes may 6!ten be described by
 

linear and nonlinear part ial and ordinary differen

tial equations. The folloting oversimplified model
 

of a demographic process will illustrate this:
 

t)x(t)A(tt))t 


p B)-I(t)q(t) 

a(t) - t 

I-y 

where i(t) - Ix1 (t) x (t) ... x (t)]' is the state 

vector of aggregate maiuration rates of the individ

uals of the population being modeled (trees, cattle,
 

people, capital goods, etc.) through n stages of the 

individuals' life span; u(t) " (u1 (t)/r 1 u,(t)/T, 

... u (t)/ n]' is the vector of controls apolied Eo 

each life stage, e.g.. planting rates, investment 

decisions, liquidation rates, etc.;
 

B8%7-,)/ T ..." -
1 2 2 1 "" nuI 

G A 0 

1 2 _l/T 2 

At) 0 / 0 

0 . . -lfta
o_ "I/r
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is the (possibly) tice-varying matrix of coefficients; 

-(Z), i-L, ... , a, are birth rates from the n life 

slages, where 0 < 8, • 1; ot(t), i-l, ... , n-1, are 

survival rates (surviving deaths, sales, etc.) to 

succeeding stages, where 0 < o < 1; T , i-l ..., a, 
are -xan maturation times for each of the n life 

stages; s(t) is the total nurmer of individuals in 

the population; q(t) = ('Ix, Tx, ... r x ]' is the 

vector of the number of ifidivid~aIs in eacR life 

stage; p(t) is the output vector of va':Iables which 

depend upon the age distribution of the population, 

e.g., production from trees, capital goods or live

stock, or social services demanded by a human pop
ulation; and B(t) is the "input/output" matrix.
 

This todel is actually a lumped approximation to a 

distributed paraeter process--the aging of the
 

individuals of a populaticn--which would otherwise
 1 2 )
bc modeled with partirl differential equations.(


That is, a continuous age distribution is lumped
 

into n stages or cohorts. The number of stages n
 
and the time constants Y,, i-1, ..., n, are chosen
 

to give r good fit to thi probability density iunc
tion that describes the random life span of individ

uals. This model structure realistically handles
 

the fact that all individuals in an apgregate pop
ulation (the state variables are agqreqativo vari

ables) do not mature at the same rate. (13)
 

it general, developrent models rust contain both
 

continuous tire and discrete tine variables (actions
 

o. decision makers at micro and macro levelt.tend to 
be discrete in titre). It has been found appropriate 



This suggests another probl=: it is virtually Hanhematical Nodeling .
 
impossible to define an objective function to be
 
optimized. The complex physical, social, economic Mathematical modeling, although in principle not
 
and political interactions involved generate multiple absolutely necessary to the problem-solving pro
and.often conflicting development objectives which cess, in practice is almost indispensable, particu
can't all be reduced to a single interpersonally larly if there is any degree of complexity to the
 
valid common denominator for inclusion in an objec- problem. Mathematical models may be constructed
 
tive function. (Some objectives might not even be and used as either analytical models or simulation
 
quantifiable.) Examples might be employment, price models. However, as the number and the nonlinearity
 
stability, political stability, income and income of differential equations increase with the complex
distribution, nutrition, balance of payments, growth ity of the model, analytical solutions become 
of GDP, political participation, education, etc. impossible given the present state of the mathemat-
It the absence of a decision rule based on mathe- ical art. Therefore, taking advantage of the capa
matical optimization, human Judgment and compromise bilities of large-scale digital ccouters, research

4 5 6 7
must be used to arrive at a subiective (and polit- ers( , , , ) have turned to simulaticn as a means of
 
Ical)_"optimum." Therefore, planners and decision generating numerical solutions and, hence, of pro
makers responsible for the allocation of scarce viding policy makers with information about the 
development-. resources need information on the many likely consequences of alternative resource alloca
possible trode-offs among obJectives under alter- tions, including the vector of criterion variables 
native policy conditions, needed to evaluate alternative development strate

gies. For an economic development model, a vector 
In.this paper, we suggest the "generalized system of relevant performance criteria might include such 
simulation" approach as a means of de'aling with these elements as levels and growth rates of gross dcestic 
problems of development planning and policy making. product, employment, total ani per capita inco=e, 
Highlights of this approach, as develooed and nutrition, tax revenues, inccme distribution, trade 

(2 ,3 ) 
applied in Nigeria and Koreao will be described balances, investments, etc.
 
I.nthe next section. This will be followed, for
 
illustrative purposes, by an overview of the sim- The approach is generalized on two accounts. First,
 
ulation model developed at Michigan State Univer- models ray include, but are not limited to, such
 
sity of the agricultural economy of Nigeria. specialized techniques as linear and nonlinear pro-

Finally, we will sugrest how this approach can be gramming, dynamic prograr=ing, program evaluation
 
Implemented in the development-planning and pclicy- and review technicues (PERT), and (as comoniy used
 
making process. in econometric models) sets of statistically esti

mated simultaneous equilibrium equations. Secondly, 
GENERALIZED SYSTEM SI'RMLATION APPROACH there is flexibility in the data sources which can 

be tapped. That is, although time series and cross-
The formalized problem-solving process contains three sectional data, where available. may be used to 
distinct phases: specification of needs and defini- estimate parameters, the approach is not limited to 
tion uf the problem, identificaticn of a set of this source and may rely heavily on estimations by 
feasible solutions, and selection and implementation technical experts, perhaps via the Delphi method, 
of a-solution. Generalized system simulation con- or on "guesstimates." 
tributes to all phases of this process with the 
construction of a mathematical model of the problew As regards mathematical programming techniques, 
and the use of computer simulation techniques to effective use for public policy prescriptions is 
generate numerical solutions of the model under precluded at least until the pcoblers discussed 

various assv'mptions and policy conditions. The earlier have been overcome. Programming models may, 
process--including problem definition and model however, have application in representing the pri
building, testing, validation, and application-- vate decision-making process. At the latter level, 
Is Iterative in nature rather than strictly uni- interpersonal validity is not a problem and it may 
disactional (Figure 1); that is, information gained be possible to specify a meaningful and realistic 

:
at later stages may (probably will) indicate a need objective function or s, of priority-ordered objec
to return and repeat earlier stages before con- tive functions,(8 ) although aggregation problems do 
tinung. remain if one wishes to model a sector or region
 

rather than an individual decision-making unit. 
Central to the whole approach are the interactions 
among decision makers, researchers, consultants, In spite ot their problems (e.g., aggregation, choice 
and modelers and simulators. These creative inter- of objective functions, computer execution tire), 
a tlons are essential not only to properly define such models may be the only feasible way to determine 
the most relevant devclopment problems to be con- the simultaneous allocation of several resources to 
sidered by planners and policy makers but also to a large number of activities subject to a large number 
specify meaningful policy simulation experiments of resource and behavioral constraints. For example, 
and to interpret the results. As decisions are deHaen and Lee(9) have proposed a linear programming 
made through these interactions, both normative and model for Korean agriculture that allocates land, 
not-nnormative (positive) information will be brought labor and capital in each of three regions to 39 
to bear. Where it is felt such information is de- activities subject to 27 resource and behavioral con
ficient. new information will be sought. straints (AX <, -. >) b) so as to maxirize farters' 

expected net revenues (i - 'X). The model is re
cursive in that it Interacts with a larger simulation
 
model of the Korean agricultural sector. The LP aKidel
 



- -- 

7,~ 

-mportanfo t ese rge reason ping a simula 
uo/discrete t"ire r .tionro, 

it bsd'dgita p p roach. tor for-exploring the of 'range, 
:uruaty nonlineari conti aodel in this cotet)istlop od ea ora

a OhA i'si'uIa iio6n- consequences a-wide 

The:approach uses simple;numerical inegration tech- Of ternativep s oro s.:, This'
management strategie

niques-to ol e:ihedifnu.'fe'ercntial equations for car. isan itertiveroass.involvingcloiisewinttr ce
 
tinuous procei amonz decisib'onakersand:Systes analysis..,, 'One 
phhenomena. ntos cases t-has been possible to simulaion experiendt can'lad'to thi creative de
structure'the- entire tnodel in'terms of recursive sign;hof-a new.and-better-may onae, ich.. re-..:involve 


r nre t e +.h dret y tsedu i -" e ec i e y eoe': h eas c ob e
!, ~ssv '(~ - dian 'iad indhe' e Io e: l 

or, even-basic modificat ions of the model.
 
The Oobjectivee ofrua 


•first order difference equations. prograhm-incgy 

uch'sieulation,experiments is to 

While thcre areinconveniences with using a general .unfold aseet of development strategies.that are, con 
purpose computer language such as FOPT.= , there sistent, mutuially-reinforcing aind shouhow resources 
are.two overriding advaltaeesaTheieaivelyr uni could,be:effetivelyused to solve the basic problem 
versautlochputaiteroiFORM nImakes't possi le to, (aspdefined). . and y e 
adapt modste a etyof ccmpuers,.in many , a 
counftre ofint)erest. Secondl ,thesubroutine Policy simulation results may suggest further alter

.... RTRApermits 6e-use or-a -building testedin an-iterative process ofsructureof natives to be 
blce e a tywhich- greatly siplifies. Eventually, a decisionis madeapprfachito-mo policy forulatiop 

the-constructlon ofalrjemodel with-many sub- . to implement a particular set of policies. The
 

S-systems alikeo-.in astructure butpdiffering'g sa oto real-worid consequences of that decision will in
m0st/ostput :interconrctionandrme hstei-values efluence laterpolicy formulations and may even lead
 

*.---- industries in an eicoomy, firms in an in- - to aredefinition ofthe problem, thus continuing
 
dust the Iterative problem-solving process outlined in
 

--- L.- - - - -Fgure 
Thiect r models developedrusing this approache
 

--

-

have been efficient.-: A typical 42-year simulation THE NIGERIAN MODEL
 
Sfof'a sector modeowhich requires aldost all,hof the
 

32,000 word core'of anCDC 6500 computertakes about Utilizing the generalized system simulation approach 
50 seconds,of centralprocessor time. This-effi- described in the last section, a preliminary, plan
ciencyhas made it economically feasible-to con- ning-oriented simulation model of the Nigerian agri
duct extensive sensitivity and-Monte Carlo analysis cultural economy has been developed.* A broad de
withth modes. representati scription of this model and its policy orientation 

-follows. 
 Yore detailed discussions of the mathema
tetin , Vuaida ti and Potcy Application ties! model and its otential applications may be 

found elsewhere.( 2.19,12,16) 
Nodel testing,ree and valdati o areloela 
41lnked processes. A simulation model is tested , The Hoddl 
both to check its internal consistency and to assure,
that it Isan adequate representation of the real - The Nigerian model s composed of three major sub

" " conomic system (adequate for the purposesat hand models: the northern regional-agricultural submodel, 

• Zscingrde d a ndtn sealidtin t -in hr opnnavihmd
aesrec areclsely r tentoa
 

S .intlude such activities as tuning the model to track nonagricultural/national accounts subodel. In addi
recorded time series, conducting sensitivity tests tion, there are components which model the national 

- orn Model parameters and subjecting the simulated food market and the population. Figure 2 indicates
' '' t' n ed d ' 

- -i 'systemstated in therbem dfto).ests a tethe majorer n .oomdenlntvorgvInteractionsrevionluaricltralvof these submodelspoaubmo~eas t-~" s to exogenous shocks or disturbances and ob- snovniut n wellheas 
serving the consequent res onses. Test results will the principalinputs-and outputs of the system. 

,suggest.,refinements'and codifications tobe made In 
system struitures and parameter values and will in- Many planners inthe less-developed countries are 
diclte afVs where better data are most needed, i nterested in evaluating alternative policies (often 
1 d o r kereto. bas e hdecions on h. Involving economi incentives or government assis

ad~acIsin krtobs policy deiin nte tance of various kinds) affecting regional special
experSl.snlml !asults of a modela-any model', verbal ization of production and trade. To permit con
ormathematical, paper-end-pOncl or c puter--he siderations of simple questions related to regional 

t ave somedegree of confidence In the validity speioli eaion and interrgional trade, a two-region
6f that (torth and South) commodity-oriented model was conmodels: Le., hOawell,it..simulates the role-

Veant hbemavtOr of the real system or phenomenon It is Iqi addition, several ecological tones
divd,, with
oupposedL to represent6. As long as. the decision each region were differentiated to permit more
 
ms t Is.aware of,thmodllvalidity, perfect detailed posideration of Intrareional problems.
 
validity Is mnt oesisery. Indoediperfact valid- Although the model is based on Higer.a, Its orient&
it*_,'tySi' the sonse of; perfect information on the tion -toard both annual end perennial commodities
 

~,~ ~ utte havior of the'real system under various, vith di timcit eological'cone and regions,makes Its
 
44 cosponents-adaptabloe t a broad rante of countVs1
 

.in 


asuM wtion~io not 'posible. Decisions 

o-ust be taken and Implemented with or -without, models;1 

u sodols gin be used, however. to improve the Informs- The basg corn onent structures of thetwo agricul
- , i ock Input lon& as oubmodes a isevidenit'in, to the dooilion-mains ptoeis As tural arequits sitzlar,

46jhiaotsah is made of theit Validity a u they , Figures 3and 4,. The nature of perenilal coumodLtida, 

1 6i# litedby betters rors"vslid", sodolas further v~;~,f rt Ae~fo atrwin - --

,, *q+,+...0 '..
,-....
80 464 notjq~@pi i 4be f*ound Wthe lit- Doopncntatt/esd.1557s, ' 
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- however tre xiiigsuch characteristics. Of Policv Orientatioan 
;dynampopulations'as gestation, ,growth, maturity 

and.decline--considerably corplicates the,southern "In this work, effective problem definition required 
46-6su de, the la' Interaction among decision makerspaer,pricularly ,,in' and :allocation and .creative' 

,oderniization component,wherecthe populaticn dy- systems analysts, agricultural 'economists and other. 
*.pamicsOf:trees are odeled asma distributed param- specialists. The. interdisciplinary.research team at 
eter process.(12) . . . Michigan State University was fortunate in having 

"avalableprofessionalswith a backlog of experience

Iriefly, the agricultural'submodels allocate land in the Nigerian agricultural economy. The Consortium
 
to theavailable commodities (indicated in Figures 
 for the Study of Nigerian Rural Development (CSNRD)
 

:3 and )-based:on profitabilities perceived by farm- provided a substantial fund of information about the 
ers and subject to input constraints.'.From the land country and served as a center for contacts with 
allocations, and given commodity yields and ocher people in the U. S. and Nigeria who were knowledge
technological coefficients (e.g., factor input rates, able about African agricultural and industrial

marketing losses, etc.), 
the total production of development.(18)
 
each commodity is determined, and marketing and prc
ceseing functions are performed. Agricultural pro- Further, the CSNRD collaborations with AID, FAO and
 
ceasing in the North is modeled with input-output Nigerian planners and policy makers provided us with
 
ratios, while in the South, because of the signifi- a fairly clear picture of the current governmental
 
canoe of palm and rubber processing activities to an4 planning institutions related to the agricul
the-agricultural producers themselves, processing tural economy and to the tools they use to influence
 

. is modeled in greater detail. Finally, economic the economy. This aided our selection of the plan
performance criteria are generated and the agricul- ning clientele toward which this model should be 
toral sector accounts are balanced for each region, oriented. As a consequence, the major policy ques

tions and the corresponding relevant sectors, inter-
S M'additional component of the northern submodel, relationships, and variables in the Nigerian econcmy 

- the cattle production component, simulates the meat were isolated more easily than they might have been. 
and milk production process in traditional and modern 
herd management situaticns, using inputs of total Policy inputs to the agricultural subcodels are of 
digestible nutrients (TDN) from grazing and from the three types. Others could be added, but the three 
production of forage and grain crops. The main included were seen to be both of interest to 
interactions between the cattle and annual crops Nigerian policy makers at the time the model was 
components in the northern suomcdel occur in the defined and general enough to be relevant to other 
land allocation component where crop land competes countries of the developing world. Indeed, the con
with grazing land and in the production component sideration of other policies should be added to the
 
where crop residues contribute to the TDN available model as time goes on if it is to remain relevant
 
to the cattle population. and useful in a changing world.
 

•The nonagricultural subcodel (Figure 5) is an aggre- Production campaigns make up the first class of
 
gated, ten-sector input-output model of the Nigerian policies which ray be investigated. Promotion
 

S 	 " economy. One of the ten sectors, the agricultural efforts aimed at modernizing agricultural production
 
sector, is modeled in detail on the micro level by --including cattle as well as annual and perennial
 

*the agricultural submodels, while the nine nonagri- crops--can generate substantial returns to both the
 
cultural sectors are aggregated on the macro level, public and private sectors. Such modernization ray
 
Since the primary focus of the national model is entail the introduction of higher-yielding biological
 
agriculture, the broad, aggregated nonagricultural varieties and/or the encouragement of improved cul: submodel enables the investigation of key inter- tural practices such as weeding, spacing, time ofactions between agriculture and nonagriculture, e.g., planting and the application of fertilizers and in
agriculture's demands for consumer goods and capital secticides. The increase in output can then result
 

inputs, nonagriculture's demands for raw materials in higher incomes for the farmers and increased tax
 
and food, and rural-urban migration.(1 7) This sub- revenues and foreign exchange earnings for the public
 

.model also constructs the national accounts, includ- sector. The nonafticultural sector can also experi-

Sng measures of gross domestic product, consumption, ence growth as a result of gncreased demands from
 
investment, government revenues and import-export the agricultural sector.
 
balances,
 

The second major policy area which can be investigated
TVo additional componeots act on the national level, with the model is marketing board pricing policies. 
The population component simulates (for each region) Most export commodities in Nigeria are handled through 
births, deaths and the aging of a population lumped so-calleJ "commodity marketinx boards" which buy from 

. into 27 three-year age cohorts. In addition, the - the farmers at one price, perform marketing and other 
total labor force is determined and split between services, and sell in world commodity markets at a 
agricultural and nonagricultural occupations in each higher price. Marketins boards have the power to set 

.... 	 ; e4 -oach ecological sons, and rural and utban producer pripes as a matter of policy, whereby the 
food demands re computed. The market and inter- boards may gsnerate surpluses for themselves or run 
regional trade component models the national food at a loss. While surpluses may be used for price
matket. It takes cash food supplies from the aqri- stabiliation purposes or to finance develooront or 
Cultural subtodels and food deiands from the popula- other projects, producer prices can have significant 
•to MP Computes the priee of transportation 	 oerzodity
*omonnt, impSts on producer incentives and henes 
(based on investments in transport capacity) and outputs. With simulation runs incorporating dafter

. iaterregionai shipments of food, and thus deterines :t levels 'of uarketing board surpluses for each ,the market pries of food in each fregion. 



cotodity, questions can be answered regarding the priate for a specific application; that In, we would
 

likely consequences these policies will have on pro- choose one or rore disaggrcgate rodels to consider
 

duction levels, forcign exchange earnings, agricul- interactions with related areas, and even rare
 

tural incore, and other relevant econozic perfor- gregate r.odela to cover the rest of the economy.
 

r.ance criteria.
 
A number of preconditions ray be envisioned for
 

Finally, various tax policies, particularly income successful application of the approach to prcble=s
 

and export tex rates, -ay be specified and their in the developing countries. First, a continuing
 
consequences projectcd. capacity to devclcp the generalized systc= sirula

tion approach :ust bc raintained. Further ccvelcp-

U'ULCIENTATION ment of the nproach will largely depend upon prac

tical expcrience applyinp sivula:Licn =cdels to real-
The ultirate objective of developing a simulation world problers and issues vith subst.artial Inter
model such as dcscrI~cd atzve !s to irplement it as action between investi ators znd policy =akers. 
an integral part of the peneral prcble:-solving pro- Secondly, It vill be essential to -the full dcvelcp
cess outlircd earlier (Figure 1). Althcuch in the =ent and application of the aoproach that persons 
present case we arc concerned with problems of de- and acencies or institutions resvonsible to indi
velopcent plznninr and :olicy-. the approach vidual grouos of decision rt.ikers "ave cc-and over 
is applicable to a brcad ranv,' of proble= areas, such the use of =ojels and their cc7cnents and tnat host 
as health-care delive', envircnrental quality, urban country capacity to build, rcdify, extend and 8 ply 
society, and transportativi. these rodels be developed. In addition, it will be 

necessary for agencies usinc the arproach to have
 
In the developcent context, there are prirarily two access to substantial ccpucer czoacity if large.
 
vays In which this :ypc of -vs:en sruit:.cn con be cc= lex sector -cdels are conte=lated. H{ere the 
institutionalized for crtaran, CCe vculd in- required size of the cc7purcr facility will be great
corporate the =cdcl (and t".e vI jlc i:prcac:) within ly denendent upen the cczoiexity of the system under 
a national plzrninn un:: o: a c,:e~cn:n cc :ntrv.* study, the degree of detail required, and the skill 
while the other wculd char:e a dcnor acncy--sucn as of the nodel develcp:ent tea= in efficiently utiliz
the United States Azencv f,-r:ntonatlcnal Develop- ing availzble facilities.
 
tent, the Fcod and %gricultureO),'an:atIcn of the 
United V:at.Tns, :he Intc-. al ar; for 2eccn- COCLUSICNS 
struction and -c.eloi:cnt, jn! c:ner t:n:Izteral and 
rultilateral d.:nr tr.t.'ruId- he approach, part the proand es--vitn ( svster si=ulation as of 
ing and rain:aiinv- S,:Jlct c r:..ls .d azal: ' blen:-solvinv -t ocess (Ficure 1), can provide Iroer
them to the policy questiens ef s:ecfic ccuntrles cant ccntrituticns to three broad aspects of develoo
as requested or needed. In either case, a library =ent planning and policy ?-king: understanding the 
of models can provide a focus for i=pierentation socioecono=ic syste=, for-.ulating developrent poli
efforts. cies, and focusing research activities. These as

pects are scre..hat overlapping; for exacple, both 
Experience with actual applicaticrs of the Nigerian research and an increased understanding of the prob
model described a'ove h.!s shcvn that even in its lei certainly contribute to improved policy forrula-
Current, preinira:vy for-. the :cdel is cuftc u.;Cful tions. 
for analyses of the specific polf:Ics (e.;., prcduc
tion carpaigns and price and tax :olicirs) and the Detailed analyses of the behavior of a simulation 
specific prcble: .Irc.1 (c-c-a and Ca:t.e) for rcdel the systen under a rinfe of data and struc:hch of 
It was deslrned.(','J,- ) !c'.er, thcre are rany tural assuzpticns and policy conditions provide a 
relevant policies and prcblc= ar s--e1 cvnere in corprehensive view of the corplex and dynamic soco
agriculture and in re..;:ricuturc--=nicn vere nec- econonic system under study. This. co:oined with the 
esarl!y excluded fzc= the ocn'e rodel-building process itself--particularly the idcnof thin rocel. 
These rangc all the wav frcn the verv rAicro (e.g., tiflcation of c.iu-al and structural relaticnshivs-
far decision u:it,; r irr. .d can st;b';ta-..all- to an unlera rc&.:rr f cc:%;u=-r ccntribute 1!rrove-
bouseholds) to the .e ry racro t,. . * .::cral Irf la- Srtandinr of, and .;:ar,'r~eeIntutitcns r ar.i h, :!;e 
tion). Developr ent beinr. an cvclut lcar/ process, developzont prccers In Fcneral as well a-ithe oar
the concetns of planners a::d tolicy r 5,(:rs ticular sociocconcmic systen of concern. Cx.1i7le,will For 
range over this n.:olc srectrt:n o problen areas with sesitivity tc-cs will pinpolnt sensitive par.ce:ers. 
emphasis changirg over tine. and the analyses carri-d out to ex-Plain the surulated 

consequences of puar.eter chan-es will hi!:!if-rt cozn-
Since no sinpl- redcl can hope to econcnicallv cover plex interactions of the si-ulated svsten. :-, in
everything of current and potnt !.1 relevance to 9ofar as the si-ulated sv,;ten faithfully rc-)re-ents 
policy a,.crs--t-r an,;,, of I-:tt : of h 1-.nd relevant behavior.i.o~ator-I,, of thE re..l 5ytc - , . 
corputer tesourceS--ie-' ntalcn of the .vten hethtened undvrtanding can be a valuable a'..,t in 
Gieulation a;tproarh -i deir r ileI in this riter would reducing sore of the uncertainty policy rakers nec
probably zequire the duvelc;,-ent and ,,sr ot A Hier- essarily face. 
archtcal "library" ofrnrrali:ed :: 1Wl . ( 

2 
,23) 

Models vould 1-, ,rslrrd t,n .-, 121!r.-t'i at vri,,u, A rere ujire'. in:'ut to the i v--i firuproccrst is 
levels of :-utht , .u:d ,, in. culicert .; .;;;p:- tte ,c. a IIJt!- ,, I...:.,.t''r.J rI :' 

tc-2.'l to I;,-1u 11 "'... ".... ;A., 
aSuch an irle-entattcti is c,:rrcnt I- u:a'der way in of a wide T.1:1;.r t d e lI':..nt ;,,L hvv Cpt' .i :I ra-

South Korea under USAID contract AID/csd-Z;5. Jecting tire pah-. of relr-vatit output variables v- O'r 
alternative courbinations of policies. Using the a.1e 
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data as is available for other approaches and tech-
niques, the oodel takes account of rany nore corplex 
policies aAd interacticns than can be done by hand 
or with models necessarily sirolified by the con-
straints of the specialized techniqves used. In this 
way, a good deal of the uncertainty ccncerning the 
systen's direct and indirect responses to various 
policies can be reduced. Ar.cther ±-rorcant appli-
cation of such a rodel to policy fcr-ulation is in 
dealing with the uncertainty inherent in the quality 
of the available data. Sensitivity tests. where 
key paratetcrs are varied in each of a nu=ber of 
alternative Pcllcy situations, can be used to evalu-

ate the sensitivity cf policies to data uncertaintv.
 
Alternatively, the =.eel :an be run in a Monte Carlo 

mode where uncertain paraseters are assi ned proba-

bility distributicns, a number of runs are =adc with 

observations from thcse distributions, and output 

statistics are generated. This is inforcation'essen-

tial in the search for stable pcllcies, that Is. 

policies which will have the intended results even 

though projections were based on poor data. 


A third contrlbuticn the systen si=ulatlon approach 
can make to develoDrent planning is as a focus for 
research activities. There are :-rivarily three ways
in which use of a si=ulation rodel can provide a 
central there to.coordinate a'd ruide research. 
First, sensitivit/ analyses will suegest data col-
lection priorities to ir=rove the available estimates 
of the rost sensitive parareters and ccefficients of 
the model. Secondly, the codl's application will 

motivate 1nvest-,patcns into structural relatlcn
ships among, and the behavior of. corcnent elerents 

of the sociocccro=ic systc=. These efforts will be
 
necessary to provide theoretical redels for the con-

tinual icprovenent and urdating o the simulation 

model's (or models'. in the case of a library) as-

sumptions and representations of the real system and 

to keep it (then) relevant to the needs and concerns 

of policy makers in a chanzing world. FInally,
 
teclnological research ray be surgested by policy 

rw,$s speculating on the likely ccnsequences of the 

itttroduction of an innovation which ray not actually 

ta developed at the mozent. Of course, the pro-
Jeeted conseq nces wculd have to indicate that the 
expense of undertaking such research and development 
was warranted. 

As regards the construction and use of libraries of 
models, the Nigerian rodel indicates how generalized 
uodels can be built and taen assembled as needed for 
application to a particular preblen situation in a 
particular country. Cocpcncnts of the Nigerian rodel 
as presented here can be taken acart and reused to 
simulate and analyze other entire azricultural sec-
tora. The ncnagricultural ccnzcncnt itself can be 
generally useful in relating the arlcultural eco
monies of various countrict; to their nonagricultural

economies. Sc-e of the Nigerian corronents have 
already found application In Korea.k) ) 

In addition to being uneful in constructing models 
of the entire ngricultural econcrv of different 
Countries, the cr--7cnents are potentiall.t useful indes i Fn i n g , , .. - r 7 ; moredetnadPn0 a:od ev lit ;1 . -:;and 
more detai led uJccrs .t :he .oor:co!tral su.;Cctor 
level. ihus, the ;',c rnial crz's c:T :c:7ent s Gevcl
oped tn rmodel the :;erian cocoa, rut:er and palm 
subsectors have widespread applicability in modeling 

corresponding subsectors of other countries. Theve
 
perennial crop corpenents also hzve potential ap
plications in the developed vorld--possibly in
 
modeling the vineyards of California, France and
 
Chile, and the chcrry orchards of Michiaon. 7he
 
deographic components used for =odeling the
 
Nigerian cattle herd are already being extended 
and applied in Venezuela and Colcrbia. In short, 
the corporents developed 'or N.igeria are generally 
applicable in many countries and In many subsectors 
of the agricultural sector of those countries. Such
 
appllcaticns will inevitably involve ruch field work
 
and a great deal of interaction with decision :ra.ers.
 

In conclusion, the generalized system simulaticn
 
approach can be a useful and valuable tool in the 
battle against uncertainty in the development
planning process, providing a corprehensive viev of 
a corplex, dynaric system while at the szzc tire 
facilitating policy experimentation and ct v'atinz 
research. The approach is characterized by hith 
initial costs (reflecting the costs of data accuisi

tion and modeling) but relatively Ic recurrent 
costs as rodels are used to explore a zyriad of
 
policy cpticrs. It must be rcrerercd, hc.ever,
 
that siculatieon rodels, while potentially an ince
gral and irportant part of the decision-=aklr.z pro
cess, will not replace the decision maker. They 
will, hcvever, give hic more inforration, help to 
identify new and economically feasible policy ep
tions, and sharpen his Intuition--thus raing for
 
better decisions.
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