
FOR AID USE ONLYAGENCY FOR INTERNATIONAL DEVELOPMENT 

WAHINGTON. D. C. 20523 

BIBLIOGRAPHIC INPUT SHEET 
A. PRIMARY 

1. SUBJECT Agriculture AA00-000-G214 
CLASSI-

B. SECONDARYFICATION -TIC AND I General--Nigeria ____ ___...... 

Planning capability of the northern Nigeria,n agricultura. model
 

S. AUTHOR(S)ManetschT.J.; Hayenga,M.L; Page,Gloria
 

5.: OF.PAGES 6. ARC NUMBER.,N'UMBER. DOCUME.. uATE 

1970 ,3 3p. -ARC .N1630.9669.M624b 
7. REFERENCE ORGANIZATION NAMELAND ADDRESS 

Mich.State
 

8 SUPPLEMENTARY NOTES (Sponaoing Organization,'Pubtlahere Availability) 

(In Project working 'pape )70-2)

9. ABSTRACT . 

11. PRICE OF DOCUME.rT10. CONTROL NUMBER 

PN-RAA-718.
 
it.PROJECT NUMBER
12. DESCRIPTORS 


Models________________ 
Nigeria 14. CONTRACT, 4UMBER 

15. TYPE OF DOCUMENTSilain 


AID 590- (4-4)
 

http:DOCUME.rT


A S1ULATION, MODEL OF 'VIE NIGERIAN
 

AGRICULTURAL EColl1
 

Contract No- AID/csd-.557 

Plannig Capability of the 

Northern Nigerian Agricultural Model
 

Project Working Paper 70-2
 

Prepared By:
 
Thomas J. Manetsch 
Marvin L. Hayenga
 
Gloria Page
 

March 31, 1970 
East Lansing, Michigan 



..INTRODUCTION, 

. has.thre, objectives: describe'in-)1Todetail theThis'paper 

types ofl planning questions ,this particular model is capable of addressing 

2) To present, the results of preliminary simulation runs which explore some 

alternative strategies for development of the agricultural sector of Northern 

Nigeria1 / and 3),To provide an assessment of the work that remains in order 

to develop an operational planning model. The reader is cautioned to accept 

the results of the simulation runs discussed herein as tentative at this 

time since they,are based upon apreliminary model with very rough estimates 

of:many model parameters. Further work-can make.possible a refined simula

tion model with improved estimates of key model parameters and introduction
 

of data uncertainties to produce-statistical estimates of model outcomes
 

including expected values and.standard errors. With further work it may
 

well be possible to compare the,.expected outcomes of alternative develop

m.ent:strategies and estimates of the expected variations of these outcomes.
 

In what follows we will describe'in detail two important sets of vari

ables which, in essence, define the..planning :capability of the model: 

a)A set of policy vaiables - those variables-which planners at various 

levels might be interested in controlling in order to guide the 
development process,' i.e. tax rates,rnarketing board price policies, 

investments in modernization alternatives, etc.
 

1/ The-scope of the model is essentially 'the old Northern' Regiono".Nigeria. 



b) 	A set of criterion variables -those variables that planners might
 

be interested in using as measures of the success or failure of
 

development programs, i.e. per capita incrme, foreign exchange
 

earnings, marketing board revenues, etc.
 

The paper concludes with a description of some of the more important
 

policy simulations made with the current model and an assessment of further
 

work required to operationalize the model.
 

POLICY VARIABLES OF THE NORTIIERN NIGERIAN AGRICULTURAL MODEL
 

While the model is capable of generating an enormous volume of detailed 

information, at yearly intervals if desired, only a small fraction of this 

is relevant to decision makers. For this reason'the model has been pro

grammed to print summary tables of information that is most relevant to 

the model user (See Tables I - IV).l/These summary tables enable the user 

to compare a number of simulation runs which embody the alternative develop

ment strategies he is exploring. The numbers down the:left side of the 

tables are the values assigned to the policy variables for each of the 

simulation runs. Note that these values are identified with particular
 

parameters by the headings at the top left of the table. 
Correspondingly,
 

the values of the criterion variables at the end of each simulation run
 

appear on the right side of the table.
 

Taken together, the parameters in the first two columns of these-


Tables determine what, if any, crop modernization programs are introduced
 '
 

during a given simulation run. The parameters RPAX, TO, Tl, T2, and TF
 

i/ 	For a guide to the interpretation "f these Tables .see"AppendixA.
 



aJ~cut , 

campaigns directed at various productive activities in Northern Nigeria. 

These parameters control budget values and "timin. . 

This':budget' is allocated by the modernization executive component of
 

the,modelto promotion, techical.assistance, and subsidies (if any) for
 

the activity off interest, i.e. moderniqation of groundnuts, introduction
 

of draught animals, etc.
 

Figure 1 illustrates how these 5 parameters determine the modernization
 

budget."
 

define a'"modernization" budget--which can ' a to ion 

Budget Allocated to.
 
Modernization (L/yr.)
 

UMAX, 

II T 

TO TT2 TF 

See Project Working Paper 70-1 for more details. 
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As shown, MNAX determines the maximumilevel of annual expenditure on 

modernization- TO the start of the m6dernization program, TF the con

clusion and so forth.
 

Given the modernization budget and its distribution through time,
 

the parameters PREV(l) through PREV(6) deteruine the proportion of the
 

modernization'budget that is-allocated t6 each modernization alternative.
 

Specifically:
 

PREV(1) Proportion of modernization budget allocated to' promotion, 

technical assistance and subsidies for modernization of groundnut 

production (a number between zero and one) 

PREV(2) = Ditto for cotton production 

PREV(3) = Ditto for food grown in competition with groundnuts and cotton 

PREV(4)M= 
Ditto for food (mainly in the middle belt) not grown in competition
 

with groundnuts and cotton
 

PREV(5) =-Proportion of the modernization budget allocated to promotion,
 

technical assistance and subsidies for introduction of draught
 

animalsl/
 

PREV(6) Proportion of the modernization budget allocated to the eradication
 

of tsetse flys in the middle belt (primarily to provide additional
 

grazing for the cattle of Northern Nigeria) 

1/ If the variable MECH is.set equal to one the mechanization takes place
in the middle belt if the variable MECH is set equal to zero Ihe mech
anization takes place in the grain-groundnut-cotton zones of .Northern 
Nigeria. 



It sboul-d-be pointed ,out that there are some restrictions which limit 

the range of mdernization alternatives that can be explored with this 
model. Anobvious and necessary one is that PREV(l) . . . , . PRiV(6) 

must.sum to one. A general rule to follow in designing simulation runs is
 

that the hmoeel (inits present form) may yield questionable results if 

more than one modernization program is initiated in a given geographical
 

area. At the present time the model doesn't necessarily consider all
 

important interactive effects between modernization programs. For example,
 

if modernization of groundnut and food grain production are programmed
 

simultaneously the model will not include reduced extension service costs
 

which would probably result from simultaneously, rather than independently,
 

promulgating the two modernization packages. The model would, however,
 

approximate the effects of higher food ylelds upon grouidnut acreage.
 

The parameters 1,3(l) ...... K3(5), also related to the modernization 

programs, are defined as follows: 

' K3() = Proportion of fertilizer price not subsidized during a
 

groundnut production campaign (anumber between zero and one)
 

X3(2) 'Ditto for cotton, 

13(3) Ditto for.food grains growm in competition with groundnuts 

and: cotton 
K13(4) = :comPetition with gr6undnuts andDitto for fod not gron in: 


cotton 

K3(5),= Proportion of maximum cash subsidy (E141(5)) not paid during 

a campaign to introduce draught animal. level mechanization.
 



By assigning various values to these parameters, a wide range of fertilizer 

subsidy schenies can b'e siulated. As an example, if K3 is .5 for a given 

modernization program, one-half'the cost of required fertilizer will be 

paid for'by the modernization budget. 

Also related to modernization programs'are the policy parameters Sl(l) 

• . . . S1(5) of Tables I - IV. These parameters are set equal to 

either zero or one at the beginning of a simulation and they determine 

whether or not the modernization program must pay for the distribution of 

inputs required to sustain the given program. Inclusion of this feature
 

was motivated by the realization that input distribution activities could
 

substantially reduce the effectiveness of an extension service as a pro

mugator of modern methods and that it might be important to investigate
 

payoffs from marketing system developments that would eliminate the need
 

for extension service involvement in this area. More specifically, if
 

Sl is zero for a particular commodity the modernization program must pay
 

the cost of distributing inputs if that commodity undergoes modernization
 

through a production campaign. If Sl is one, the model assumes that the
 

private marketing system is able to distribute inputs necessary for modern
 

production. The numbers in brackets, i.e., SI(l), SI(2) . . . SI(5) refer
 

to the five modernization alternatives defined above in connection with
 

the parameter K3.
 

Another important set of model policy variables are the various tax
 

rates in columns*2-5 of the rables. These are defined as follows:. /
 

1/ As presently constructed, the model assumes that regulatory policies
 
such as taxes, marketing board price policies., etc., are constant
 
throughout a given simulation run. This can be changed to permit time
 
varying policies when it is relevant to do so.
 



:TAXJ '!Ja ,'Ungali" cattle, tax /animal-y,.ar 
remproducer tax on,groundnuts sold- %:x100 

TAXRP (2).ad valorem.producer tax-on cotton sold - %x 100 

:TAXRP(3),-'ad valorem producer tax -on.food grain sold - % x 100 

TAXRP(4) =a.dvalorem producei tax on-root crops sold- % x 100. 

TAX M(4) =ad valorem marketing tax' on root crops bold - %x 100 

TAXRM(3) =ad valorem marketing tax on food grain sold - % x 100 

TAXRM(2) = ad valorem marketing tax on cotton sold -% x 100 

TAXRM(1) - ad valorem marketing tax on groundnuts sold - x 100 

Normally TAXRM(1) and TAXRM(2) are zero because these taxes (if any) are 

assumed to be combined with any revenue that is withheld from producers by 

the marketing boards for groundnuts and cotton. 

Marketing board price policies are determined by the policy parameters 

PMB(l) andPMB(2) in column 5 of the summary tables. 

PMB(I) = Proportion of total groundnut sales value withheld from 

producers in excess of marketing board operating costs. 

PMB(2) = Ditto for cotton. 

Thus, if the PMB parameters are set to zero, marketing boards break even. 

CRITERION VARIABLES OFTHE :NORTHERN MODEL 

We will now turn our attention to a description of the criterion 

variables appearing in the summary table iof the model. These'-appear in 

columns 6-10 of Tables I-IV- Beginiing with column 6 these variables 

are defined as follows: 

http:animal-y,.ar


CFICNA fDisposable cash farm income from crops (groundnuts, cotton 

". ' and cash food) in Northern Nigeria accumulated over the length 

* of :a given, simulation run - 3h x 1000 

TAXTNA = Total taxes (from crop production, marketing and livestock
 

'including marketing'board revenues) accumulated over the length
 

of the given simulation run - x 1000 

VANA = Value added (from crops, livestock nnd related markotingl 

- accumulated over the given simulation run - b x 1000
 

FOREXNA 	= Foreign 	exchange earnings from livestock and cash crops
 

accumulated over the given simulation run 
- h x 1000 

CFIN = Annual cash farm income from crops and livestock in Northern
 

Niperia ir the last -year.ofa simulation run - b x 1000/yr. 

CFICN = Annual cash farm income from crops in Northern Nigeria at 

the. nst year of a simulation run - L x 1000/yr.
 

The criterion variables in Column 7 of the summary table are defined
 

A.S. follows: 

CFIPC 	= Total annual cash income from crops and livestock (CFIN) 

'per person in agriculture in Northern Nigeria in the last 

year of asimulation run - b/person-year 

FARMIN = Total annual income from livestock in the last yotir of a 

simulation run - T x lO00/yr. 

VAN Total annual value added (froi crops and livestock) fiJ
the 

last year of a simulation run - h x 1000/yr. 

/ The Piodel in its current 	form dods not discount variables which are'. 
accumulated over the duration of simulation runs, Future versio'ns 'Of'
 
the model can compute discounted variables where desired.
 



FOREXN,..Total annual foreign exchange (from cropsvand livestock) 

inthe last year of a given, simulation run -r, x 1000/yr. 

.TAXTN =,Total annual taxes from cash crop production, marketing 

(including marketing board.revenues), and livestock in the last 

yeearof a given simulation run- . 1000/yr. 

ENFI t 	 Total expenditures on non-farm agricultural inputs (for 

groundnuts, cotton and food production) in the last year'of a 

simulation run - L x 1000/yr. 

The criteridnvariables in column..8.of the summary table are defined 

as follows: 

TAXPT tRTotal annual taxes from crop production in the last year 

of a, simulation run - b x.1000/yr. 

TAX=T Total annual taxes from marketing (less marketing board 

revenues) -In the last year of a simulation run - L x 1000/yr. 

TAXA = Total annual taxes from animals in the last year of a simulation 

run,- L x 1000/yr. 

TDCRDT = Total annual demand for credit in the last year'of a simulation 

run - L'x1000/yr. 

TDFERT =-Total annual demand for fertilizer in the last year of:a 

simulation run:- lbs x 1000/yr. 

TDINV = Total investment .demand (fOr.productive capital) in the last year 

' ,:ofa given simulation run ' Lx 1000/yr. 



variables 'Thecriterionin column 9 of'the s(2mmary table are defined 

as follows : 
VAPT =Total annual value added from prbduction (crops and 

livestock) in the last year of -asimulation run  b x 1000/yr.
 
VAMIT = Total annual value added from marketing (including marketing
 

boards) in the last -yearof a simulation run --L x 1000/yr. 
PCNNA = Per capita nutrition of persons consuming cash food (dominantly 

in urban areas) ia the last year of a given simulation run-

calories/person-year
 

TREVMB = 
Total annual marketing board revenue (from groundnuts and
 

cotton) in the last year of a simulation run - L x 1000/yr.
 

REVMBA()= Accumulated marketing board revenue from groundnuts "over
 

the length of a given simulation run - b x 1000
 
REVMBA(2) Accumulated marketing board revenue from cotton over the
 

length of a given simulation run - Tn x 1000
 

The variables in the last column of the summary table (column 10)
 
provide a measure of how well the model compares with actual behavior of the 
Northern Nigerian agricultural economy over the period 1952-1965. 
 (For a
 

more complete description of these variables and related.model tests see
 

*the Project Progress Report dated November 1, 1969 pp. 68, 69.) 
 It should be
 
noted that these variables (SS()., SS(2), SS(3) and TSS) are only relevant
 

when-the model is
run under the same conditions (iie.- producer-prices,"
 

extension programs,.etc.) 
that actually prevailed in Nigeria from 1952 to
 

1965.
 



These variables are def ned' as follows . 

=SS(. sum -of squared between actual andTotalnbrmalized 	 deviations 

• simulated staple food prices in Northern Nigeria. over the 

period: 1952-1965 -- 

SS(2) inTotal normalized sum of squared deviations between actual and 

. .simulated groundnut sales in Northernl'Nigeria 6ver the period 

1952-1965 

ss(3) 	 Total normalized sum of squared deviations between actual 

the period:.and simulated cotton sales-in Northern Nigeria, over 

-1952-1965,.
 

:TSS =.Total squared deviations .(SS(1) + SS(2) + SS(3))
 

A perfect'model'fit'iould result in a TSS value of zero and a "worst"
 

model fit would correspond to a. TSS, valueof about, 40. Again; 'it must be
 

emphasized that these criteria are meaningless if model'conditions do not
 ..


match actual conditions over: this'.time ,period.\ 
DESCRIPTION OF PRELIMINARY POLICY RUNS :OF TRE NORTHERN MODEL 

We willinow turn our attention to a discussion of some typical simulation 

runs involving alternative development policies,. "The purpose of ,this discussion
 

is to illustrate.how such. a simulation model might be used as an aid to 

planning and to further explicate the planning capabilityof'the.model.'
 

As discussed in 'the recent progress report (dated Novejnber 1, 1969) the 

•Current model. contains "ballpark".estimates.ofmany key parameters and many
 

of the'structural assumptions of the model requirecareful review. In
 

spite of these limitations one'can useisuch a model to develop deeper
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insights into complex development processes, to raise relevant questions
 

regarding advantages and disadvantages of alternativeddevelopment'strategies
 

etCt... ... 

In what follows, the results of some forty simulation runs will be 

presented.' These results'are summarized in Tables I, II,III and IV. -The 

many detailed assumptions upon.which.these runs are based are fully'des

cribed elsewhere.l/ All values in Tables I-IV are those prevailing at the 

end'of a 30-year simulation run. 

Runs 1-5 in Table :I explore the impact of production modernization
 

campaigns.upon the four majbr commodities of Northern Nigeria. Run I is
 

a standard run (with no modernization) against which modernization alterna

tives can be 'compared.- In Runs 2-5, it is assumed that 10 million pounds• 

per year (RAX)are allocated to commodity modernization over a 10-year 

time horizon (TF minus TO). In Run 2 of Table I, this amount is allocated 

to modernization of groundnut production (PREV(l) = 1), in Run 3 to cotton 

(PREV(2).,. 1), in Run: 4%to food grown in competition with groundnuts and 

cotton (PREV(3) 1), and in Run 5 to food, mainly in the middle belt, not 

grown in competitionwith groundnuts and cotton (PREV(4) = 1). 

I/ For these details consult the Project Progress Report (Revised) dated 
. 3/15/70 and the detailed simulation run outputs (identified by the "CS" 

numbers referenced.on"each table.) 

.. ~~................ . .... •.. . .. ~i .i.:;
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.3695E-06 .67691i+03 

0. 
0. 
0.. 

-.309,>F+05 
-.3764E-06 
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" -13
paring n2.with Run it.is clear from 4e changes in per: capita 

income .(CFIPC).value added (VAN) ,-etc., that, under the assumptions embodied 

in the model,; the groundnut mode.rnization program has been successful. 

that modern methodsExamination of the detailed computer output reveals 

have been profitable for individual farmers and have widely,
diffused during 

Run 3 indicates that the cotton modernizationthe thirty-year simulatioi. 

its impact upon the economy hasprografti has also been successful thoupi 

This is because cotton is not as
been less than the groundnut program. 


entensiveily grown as are groundnuts.
 
Run 4 indicates that modernization of food (in competition with ground

nuts and cotton) has not been,successful. The detailed simulation output
 

indicates tthat this is due to the fact that the comparatively 
high fertilizer
 

requirement f6r iodern food production makes it unprofitable for-farmers
 

In other
 
to adopt its use at prevailing fertilizer and cash crop prices. 


simulation runs, with more favorable prices, the model indicates 
that
 

farmers would adopt modern food production practices because of the net
 

increase in cash crop production that could result. (Due to the tendency
 

of northern farmers to be food self-sufficient, greater food yields would 

release land and labor for increased cash crop production'.) 

(in the model) will actually declineRun 5 indicates that farm income 

if food production (not in competition with groundnuts and cotton) is 

modernized., This,is due to the lower food prices that result from the increased 

supply. Note, however, that people who buy their food in the market are bet

ter fed. Per capita. nutrition (PNNA)has more than doubled between Run 1 and 



Run 	5.1/
 

.it is important to note a fundamental difference between results of
 

modernization of the tWo types of food discussed above. 'Increased yields
 

of food grown in competition with cash earners such as groundnuts and
 

cotton would not necessarily result in increased food supply and lower
 

food prices. Our results to date indicate-that cash food is not nearly
 

as profitable for northern farmers as are groundnuts or cotton (where
 

farmers have the option of growing the latter). They would therefore tend
 

to allocate resources, freed due to increased food yields, to groundnuts
 

or cotton and not increase food production,
 

Runs 6-10 are identical to 1-5 respectively with one exception. Runs
 

1-5 	assume that marketing board price policies are such that these boards
 

(for groundnuts and cotton) are breaking even and not generating surpluses 

by reducing producer prices. (PMB(l) = PMB(2) = zero)# In Runs 6-10 the boarc 

are assumed to be operating at a substantial loss (PMB(1) and PrIB(2) = .25) 

in order to subsidize and stimulate groundnut and cotton production. The 

impacts upon farm income, foreign exchange earnings, etc., are dramatic (as 

are the marketing board deficits). The effects of a wider range of marketing 

board price policies will be discussed in more detail later. 

In other simulation runs (not discussed here) the modernization budget
 

has been allocated to draught animal level mechanization, (PREV(5) = 1).
 

In these runs the innovation was not widely adopted by producers due to
 

1/ 	This large increase indicates that the estimate for food demand p*ricee
 
elasticity in the model is probably too high.
 



high costs relative to the small cash returns from traditional production. 

It would be interesting to examine what the outcome would be if'the mechani

_zat-loncampaign follows-or accompanies a crop modernization campaign.
 

This is perhaps a useful area for future work.
 

We will now turn our attention to the simulation ,runs of Table II. 

Runs I and 2 of Table II are identical to runs 1 and 2 of Table I. In 

Run 3 of Table II the modernization budget was allocated to production 

campaigns for groundnuts. and cotton (PREV(1) = .67, PREV(2) = .33). 

(In other respects this run is identical to Run 2 of Table II and Runs 

2 and 3 of Table I.) Comparison with Run 2 of Table II or Runs 2 and 3 of
 

TableI indicates that this allocation-results in substantial improvements
 

inall'relevant criteria.
 

" Runs 4 and 5 of Table II are identical to Runs 2 and 3 of Table II
 

respectively except for a.reduction in the level of allocation to moderni

zationprograms (RMX L 5. million/year in Runs 4 and 5). Interestingly,
 

the impact on relevant criteria such as income is quite small. Later simula

tion runs will explore the implications of additional reductions in the
 

variable RAX. Runs 6-10 of Table II areidentical to Runs 1-5 of the same
 

table with the exception of changes in marketing board price policies
 

(PMB(1) =PM(2) -.25'in Runs 6-10 as:opposed to zero in Runs 1-5). Again,
 

significant increases in farm income, foreign exchange earnings, etc.,
 

result, but at the expense of large marketing board losses.
 

Table I11 further explores the impact of various marketing board
 

price policies. The assumptions underlying .Table III are identical to those
 

of Table II idth the following exceptions:



Runs . MB(1) &PH(2) .PB(l) PMB(2 ) 

(Tablen)110 (Table, I) 
1-5 
 0. .25
 

6-10 -. 25 .1
 
Some of the results of these alternative marketing board price policies
 

are abstracted from the tables and summarized in Figures (2) and. (3). 
 Figure
 

(2) shows marketing board revenue and value added accumulated over a 3 0-year
 

simulation run (REVMBA and VANA) plotted against marketing board off take
 

for groundnuts and cotton, PMB(l) and PMB(2).
 

Figure 3 plots annual value added, VAN, and marketing board livenue,
 

TREVM, 
 (both at the end of a 30-year simulation run) against marketing
 

board offtakes, PMB(l) and PM(2).
 

Table IV further explores the impact upon moddl results of additional
 

decreases in the modernization budget as influenced by the model parameter,
 

RMAX. The assumptions underlying Table IV are identical to those of Table
 

III with the following exceptions:
 

Runs 
 RMIAX 
 MU4AX
 

(Table III) (Table IV)
 

1-3, 6-8 10 million L/yr 2.5 million h/yr
 

4&5, 9&10 5 million h/yr 1.25 million h/yr
 

In essence, the R1AX values of Table IV 
are 25% those of Table III.
 

Figure (4)abstracts data from all four tables and displays the impact of
 

changes in the modernization budget upon per-capita income in the 30th year
 

of the simulation' (CFIPC) and value added accumulated over the duration,-'
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of 	the 30-year simulations. The curves of Figure (4) assume that the
 

,modernization budget was allocated to the modernization of both ground

nuts and cotton (PREV(l) -.67, PREV(2) .33.. 

COICLUSIONS A1iD AREAS FOR FUTURE WORK
 

.This report has defined*major Policy instruments and criterion
 

variables currently incorporated in the llorthein Nigerian Agricultural
 

Model and has displayed the results of typical simulation runs made to

date. 
 It is hoped that this will stimulate criticism and suggestions that
 

would make refined versions of this model more useful to decision makers.
 

The detailed simulation results displayed in Tables I-IV provide the reader
 

with a means of, to some extent at least, evaluating the internal consisten4
 

of 	the model and its' more basic structural assumptions.
 

As 	noted earlier, these simulation results should be regarded as
 

illustrative only. In order to develop an operational simulation model
 

additional work is required in two major areas:
 

3)	Review and perhaps refinement of the basic structural relations'.rs
 

of the model - the variables included and the specific equations
 

that interrelate these variables.
 

2) Further data aquisition to provide improved estimates of key model
 

parameters.
 

Of these two *areas the first is much more important than the second:
 

It is p ssible to draw,valid conclusions from a properly spefied .model
 

with unicertain estimates of model parameters'but it is n6t possible to
 

draw valid cod.lusions'from an incorrectly'speCified model--even with the
 

http:relations'.rs


best 	Possibleestimate s o modei parameters..
 

Accordingly, the highest priority in 
 future work ,mus't'be given to
 

review and modification, where necessary 
 of basic"structural relationships
 

of the model. Not an easy task, this refinement phasewould require,
 

extensive field and computer work and 'close consultations with specialists
 
acquainted with vaious 'aspects of the agricultural economy--planners
 

administrators, economists, extension, marketing,and production specialists,
 

simulators, etc. 
Due to.the scope involved and inherent cross disciplinary
 

and cross cultural'communication problems, the latter would be a time
 

consuming process. 
The process.might involve seminars including the 

breadth, of disciplines"cited.above and one-to-one sessions with individual 

specialists. .In order.for,this review and refinement phase to be success

ful, the people involved would have to.be carefully selected and charged 

by their superiors with specific responsibilities to the undertaking. 

While costly in.-terms of time exnended on the part of persons involved, 

this process can be usefuiin its own.right. It would seem-that seminars 

organized along these lines..could contribute directly to the formulation 

and coordination of development strategies whether a simulation model is 

involvedor not., But the use of the resulting model may significantly
 

assist in the'developmen'tof successful strategies.
 

Given a model that is' properly structured in the sense discussed
 

aboye, the problem of data acquisition to provide •estimates for the, maiy
 

model parameters becomes paramount., While the data.problem is a formidable
 

one, it is encouraging to note here that it 
 is riot necessary to have" 

-precise estimates for all model parameters. :In many cases a .model can, 

be useful to decision makers even when uncertainty exists'about the'values 



of individual parameters. 
 In this mode of operaion a simulation model
 

doesn't say categorically that, for example, development strategy A-is
 

superior to B with respect to its impact on speci'fic development objectives
 

(criterion variables). Rather, the model might say,'that on tie average A
 

is superior to B. Furthery the model would present the decision maker with
 

the ran e of outcomes possible under various policy alternatives.
 

In order to exploit this particular capability of the simulation
 

approach, data must be acquired which will make possible the estimation of
 

a probability density function for each uncertain model parameter. 
Experience
 

with PERT (Performance Evaluation and Review Technique) has indicated that
 

in many cases it is possible to estimate a probability density functionl/
 

for an uncertain model parameter if estimates are avail&ble for the minimum,
 

maximum and most likely values for the parameter in question.
 

In the final analysis development planning is inherently fraught with
 

uncertainty regarding the outcomes of various development policies and pro

grams. There is evidence that the simulation approach can help reduce
 

this uncertainty and lead to development strategies which are more likely
 

to achieve desired objectives.
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APPENDIX A
 

Guide to-:The. Lterpretation of Tables' -IV
 

.The four tables included in this report summarize .the results .of
 

forty simulation runs made with the Northern Nigerian Agricultural Model.
 

,Eachsimulation run had a duration of 30 years and is identified by a run
 

number-in the.leftmos't:(first) column of each table.
 

Columns 2-5 of the tables indicate the values that were assigned to
 

.each ofthe model.decision or policy variables for each simulation run.
 

Columns 6-11 indicate'the Values of model criterion variables (variables
 

used 1o evL.luate alternative development policies or programs.) 
 in the 

last or'30th year 6f.'a simulatf6n run. 

Each column is headed by a list of the variables which are tabulated 

in that column. For a given simulation run .there is a one-to-one corres

pondence between the variables in list at the top of a column and the
 

numbers tabulated ,inthat column for the'given.simulation run. Some
 

examples taken from Table I follow:
 

,Example 1: The value assigned to policy variable PREV(l) (inColumn
 

2 of Table I) In Simulation Run'2 is .IoooE.+ 01.
 

Example 2: The value of criterion variable FOREXN .'in Column 8 of
 

Table I) in the 30th year-of Simulation 'Run3is '.4741E+ 05.
 

A word of explanation is also necessary in order to interpret the
 

numbers printed in the.body of the table.: The computer .has printed numbers

in what is.known as exponential notation. Thus, :,IO0E + 01 is the,*same 

as .1000 x'101 or 1.000 and,.4741E + 05.is:the same-as 
.4741 x i05 or 47410.,
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Finally',_it is also necessary to observe carefully the units of
 

measure.that applies to each variable. As described on page 9, the units
 
-a 

of FOREXN <annual foreign exchange earnings) are thousands of pounds per
 

year. Therefore 
Table,I says that foreign exchange earnings in the 30th
 

year of S'mulation Run 3 are 47410 x 1000 or 47'41 millions of pounds
 

per yeir. Thus, in order to properly interpret these tables the reader
 

must use.the definitions on pages 4-11 to determine the units of measure
 

for the variables tabulated.
 

Admittedly, these tables are needlessly complicated. With additional
 

programming effort this situation can be improved in future versions of
 




