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'INTRODUqTION
 

This report describes the progress.made by the Michigan State University.
 

simulation team in-developing a computer simulation model of the Nigerian'
 

agricultural economy during the period November 1, 1969-May 1,1970. 
This ': 

report supplements earlier reports submitted to AID dated April 26, 1968,'-. 

October 31, 1968, April 1, 1969, and November l, 1969. To avoid duplication'
 

of previous reports, this discussion will be restricted to the recent
 

accomplishments of the research team. 
Further, we shall briefly suggest
 

the general direction of the research plan during the remainder of the
 

contract.
 

RECENT ACCOMPLISHMENTS 

Since the last progress report, the research team has engaged in three
 

primary streams of activityl (1) a continued testing of the northern regional
 

model, including some tentative policy explorations within the context of.
 

that model; (2) conceptualization and programmingof the detailed structure
 

of the southern regional model; (3) presenting ihe current model framework
 

for examination and criticism to professional economists, systems scientists,
 

and AID administrators in the U..S.
 

During the last six months, one major thrust has been directed toward
 

refining and testing thci model of the northern Nigerian agricultural economy,
 

modifyw.ng structural relationships to make them more consistent with the
 

northern Nigerian economy, and further erloring the credibility of the
 

model and its ability to provide insights into relevant development questions.!
 

http:modifyw.ng
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Thisprocess is discussed inmore detail in the attached paper entitled
 

"Simulatinga Developing Agricultural Economy: Methodology ,andiPlanning 

Capability " which uas presented at a joint meeting of the American Agri

..
cultural Economics Association - econometric Society in December,
 

1969 (this paper will be published in the May, 1970 American Journal of
 

Agricultural Economics and in a book entitled Frontiers of Quantitative
 

Economics to be published by the North Holland Publishing Co.) The project
 

will also distribute reprints of this paper, an accompanying paper by
 

T. Naylor, and discussion papers by Ed Holland, Glenn Johnson and Richard
 

Day as partial fulfillment of our contractual obligation to investigate and
 

evaluate alternative simulation efforts.
 

To facilitate any subsequent use of the model, project working papers
 

have been developed which describe the computer program (Project Uorking
 

Paper 69-2) and the format which a decision maker can use to explore various
 

agricultural modernization alternatives in the north (Project Working Paper
 

70-1). 

Some alternative modernization policies in northern Nigeria have been
 

explored within the context of the tentative northern regional model.
 

The resulting comparisons are not to be viewed as 
the highly accurate project
 

analysis. Rather, they illustrate the flexibility of the model in comparing
 

various types of policy alternatives and providing comparative performance
 

results. 
These examples of how to use the model to make policy comparisons 

are described in detail in Project Working Paper 70-2 titled "Planning
 

Capability of the Northern Nigerian Agricultural Model," attached as Appen

dix 1. 



In addition to the testint of the simulation model, some alternative
 

beef distribution policies were examined within a spatial equilibrium 

model. This research e:?amined the payoffs associated with different com

binations of slaughter, transportation, and health care facilities for the
 

Nigerian beef industry. It will soon be presented by !tr. Earl rellogg as 

a Ph. D. dissertation at Nichigan State University.
 

Prior to the last progress report, some of the basic characteristics 

of the southern regional model had been determined, but the basic components 

had not been fully developed. The research team has subsequently been 

developing the conceptual framework much more thoroughly, and has now 

begun the initial programming of the complex production interrelationships 

involving components for both perennial tree crops and annual crops in the
 

southern economy. The complexity of simulating farmer enterprise decisions 

where both perennials and annuals (or shorter term imnrovements of perennials) 

are among the alternatives for the south hns used un more time than originally 

anticipated. Thile we are presently programming models for the southern 

region, more information about the behavioral factors affecting nroducer 

responses is necessary to develop a more satisfactory model. Furtherv the 

current alternatives beinm considered by policy makers concerned with 

southern rer'ion con sug.est some currently useful trial policy runs. Thus, 

- ,a trin to ,icria is currently be-n planned ,"hichshould lead to greater 

insights about both farmer behavior (xwhere perennials., are production alter

native:':) .nwd tite lil-ely needs of policy ra!'ers. This kind of interaction 

between simulatoj nd policy makcr.; in crucial both in developing sofwtwarQ 

and in putting it into actual use. Our contractual obligations under this
 



-4

project is only that of developing software; howiever, we look forward to
 

direct application possibly in Nigeria and elsewhere. 
Currently, there is
 

a tremendous post-war rehabilitation and reconstruction pressure on Nligerian
 

research agencies and her various ministries dealing with agricultu-' and
 

economic development. As a consequence, thetae are critical questions of
 

timing involved in sending project personnel to Nigeria and in planning
 

for possible use of the models by Nigerian agencies. Mhile the financial
 

resources and time required to complete present contractual obligations
 

remain unchanged from present plans for the period ending December 31, 1970,
 

it appears increasingly advantageous to shift the completion date to March 31,
 

1971. This would permit better synchronization of the completion of our
 

work with the likely easing of pressure on (and hence the availability of)
 

Nigerian personnel. -Since successful Nigerian applications and further
 

development of this model requires thorough Nigerian acquaintance with the
 

current technical apparatus, its capabilities and limitations, this
 

synchronization of project completion with likely Nigerian personnel availa

bility seems appropriate.
 

The level of living for the large farm popuiation of both northern
 

and southern regions is quite dependent upon the level of demand for the
 

productsiyhich they nroduce. While prices received by farmers for export
 

crops are determincd 1y marketing board policies and by the level of demand
 

in the vorld rarkct for such crops a: groundnuts, palm oil, cocoa, etc., the 

incoe otcntial from food crops is primarily dependent upon doriestic 

iemands. As a result, 
some effort is being expended to extimnt" the level
 

Df domestic demand for domestically produced food proiducts at varying
 



levels of income and/or food prices. Furthet, level of demand is also
 

contingent upon the size of the domestic consumer population (which in turn
 

has a direct impact on the work force available for agricultural production).
 

As a result, the population model which has been developed for the northern
 

region is being adapted to the southern region, with somewhat greater attention
 

being paid to migration patterns which may have some influence on the over

all level of activity possible in agricultural enterprises in the southern
 

region.
 

The third major area of activity has been the presentation of the
 

Nigerian simulation model to various professional groups for discussion and
 

criticism, so that major weaknesses may be spotted and eliminated prior to
 

the completion of the project. As previously mentioned, a major paper was
 

presented to the joint meeting of the American Agricultural Economics
 

Association - Econometrics Society at the Allied Social Science Meetings.
 

Presentations were also made at the Regional Meeting of the Midwestern
 

Simulation Council, at the Workshop on System Science and Cybernetics
 

at the Annual Meeting of the Institute of Electrical and Electronic Engineers,
 

and at a seminar sponsored by the University of Iowa Center for Urban and
 

Regional Planning. Further, a two-day seminar on the Nigerian Simulation
 

model vas held at -ichitan State University for a roup of AID n.minirtrators 

and AID-invited econc::.ists and aricultural econo:-1i;sL !:orkin- in te2 :!tCa 

of a ricultural ovolopnont. Uhil thii ric of scminars 7nd r nLat[It:: 

took a substantial amount of time in preparation and presentation, the feed

back from these meetings has been useful in correcting and directing our 

research efforts.
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FUTURE PLANS
 

Our current plans are to continue iorking on the southern model putting
 

a substantial amount of time on it between now and the end of the summer.
 

The effort will involve a trip to 1igeria by two or more team members to
 

develop a better conceptual base for this modeling effort. Subsequently,
 

the northern and southern regional models will have to be tied together
 

so that some basic questions concerning regional specialization and inter

regional trade can be adequately examined using the model. To the extent
 

that time allows, a rudimentary model of the non-agricultural sector pro

bably should be developed to provide a ballpark estimate of the com

petition or complementarity between agricultural and industrial develop

ment efforts of various sources. Finaliy, all three sectors--northern,
 

southern and non-ag sectors--will have to be integrated and validated before
 

some tentative policy explorations can be completed. While Earl Kellogg
 
0 

has completed the major portion of his Ph. D. work here at the University
 

and has left, Dr. Albert Halter will be joining us for six months of full
 

time effort beginning July 1 to assist us in final stages of research,
 

modeling, and writing.
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INTRODUCTION
 

This japer has three objcctives: 1) To describe in detail the 

types of planning questions this particular model is capable of addressing
 

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

-.ternative strategies for development of the agricultural sector of Northern
 

Nigeria I1 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 a preliminary 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 ouqcomes'of alternative develop

ment 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 variables - those variables which planners at various
 

levels might be interested in controlling in order to guide the
 

development process, I.e. tax rates, marketing board price policies,
 

investments in modernization alternativesp etc.
 

YJ' The scope of the model is essentially the old Northern Region of Nigeria.,
 



b)sAi~et of .criterionvariables 
 those variables: that planners might 


be interested in using asmeasures of the success or failure of
 

development programs, ie. per capita income, 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 NORTHERN NIGERIAI! AGRICULTURAL MODEL
 

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

.Anformation,at yearly intervals if desired, only a small fraction of this
 
.isrelevant to decision makers. 
For this reason the model has been pro

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

the model user (See Tables I - IV).1/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 thc t&ble.
 

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 RX, TO, Tl, T2, and TF
 

For a guide to the interpretation of these Tables see Appendix A.,
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define a "odernization" budget= which can be allocated,to production
 

campaigns directed at various productive activities in Northern Nigeria.
 

These parameters control budget values and-timing.
 

This:budget is allocated bythe-modernization executive component of
 

the model to promotion,:technical assistanceiand subsidies (ifany),for
 

the activity~of interest, i.e. modernization of groundnuts, introduction
 

of'draught animals, etc.
 

Figure . illustrates ,how these 5-parameters determie--the modernization
 

budget. , 

Budget Allocated to
 
Modernization (B/yr.)
 

1RMAX 

TO T1 T2 TF
 

Figure (1) 

1i-- See Project Working Paper .70-1formore details. 



As shown, RMAX determines the maximum level of annual expenditure on 

modernization, TO the start of the m6denization program, TF-the con

clusion and so forth. 

- Given the modernization budget and tits distribution through-timi, 

the parameters PREV(l) through'PREV(6) determine -the proportionof -the 

'modernization budget that is,allocated 4 otqach modernizatio'n alternative. 

Specifically: 
7,PREV(1) - Proportion of modenization 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) Ditto for food (mainly in the middle belt) not grown in competition 

with groundnuts and cotton
 

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

technical assistance and subsidies .for introduction of draught
 

animals.1/
 

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 I!ECHI is set equal to zero the mech
atization takes place in the grain-groundnut-cotton zones of Northern
 
Nigeria.
 



Siit' should be .pointed out that there are some restrictions which limit 

the,range of modernization alternatives that can be explored with this 

model . An obvious and necessary one is that PREV(1) . . . PREV(6) 

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

that the model (in its present form) mayyield 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 yields upon groundnut acreage. 

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

programs, are defined as zollows: 

K3(1) .- Proportion of fertilizer price not subsidized during a 

groundnut production campaign (anumber between zero and one) 

K3(2) * Ditto for cotton 

K3(3) = Ditto for food grains grown in-competition with groundnuts 

and cotton 

13(4) * Ditto for food not groWn: in competitionAith groundnuts and 

cotton 

K3(5) - Proportion of maximum cash 'subsidy (E141(5))1not paid during 

a campaign to introduce draughtanimal level mechanization. 



By assigning various values to thise.,parameters, 'a wide range of.fertilizer 

subsidy schemes .an-be simulated. As anexample, if K3 is .54 for a given
 
!modernizationprogram, one-half-the cos--of required fertilizer will be:
 

paid for.by the modernization budget. 

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

. 5S(5) ofTables 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

mulgator 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 specificafiy, if
 

S1 is zero for a particular commodity the modernization program must pay
 

the cost of distributing inputs if that conujdity undergoes modernization
 

.through a production campaign. If S1 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., Al(l), SI) . . . 1(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 tables. These are defined as follows:1 /
 

_ As presently constructed, the model assumes that regulatory policies
 
such as taxes, marketing board price policies, dtc., are constant
 
throughout a given simulation run. This can be changed to permit time
 
varying policies when it is relevant to do so.
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,TAXJ -*' "Jangali" cattle tax - i/ni l-yea " 

TAXRP(l) - ad valorem-producer tax on groundnuts sold - %x 100
 

TAXRP(2) - ad valoremproducer tax on cotton sold - x 100
 

TAXRP(3) - ad valorem producer tax on food grain sold -Ix 100
 

TAXRP(4) = ad valorem producer tax on root crops sold.-' x 100
 

TAXEII(4) -ad valorem marketing tax on rootr crops solde- % 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(l) = ad valorem marketing tax on groundnuts sold -%,x 100
 

,"-'Normally TAXRM(l) and TAXRM(2) are zero because these taxes (ifany)'are
 

assumed to be conbined 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) and PMB(2) in column 5 of the summary tables. 

PMB(l) - 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, mareting boards break even. 

CRITERION VARIABLES OF THE NORTHERN MODEL
 

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

variables appearing in the summary table of the model. These appear in
 

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

are defined as follows:
 



:rCFICNAk, iDisposable cash. farm income °from .crops (groundnuts, -cotton 

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

of a given simulation'run - l'x 1000 

'TAXTNA, - Total taxes (from crop production, marketing and livestock 

..including marketing board revenues) accumulated over.,the length
 

of the given simulation run - L x.1000 

VANA - Value added (from crops, livestock i.nd related marketing) 

i,,-.acumulated over the given simulation run - 6 x 1000 

FOREXNA -Foreign exchange earnings from livestock,and cash crops
 

-accumulated over the given simulation run - L x 1000 

•";CFIN - Annual cash farm income from crops and livestock in Northern 

Nigeria iri the last year.of a simulation run - L x 1000/yr. 

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

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

.:Thecriterion variables in Column.7 of the summary table are defined 

as follows:
 

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

',.per person in agriculture in Northern Nigeria ih the last 

year of asimulation run - 36/person-year
 

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

simulation run - L x 1000/yr.
 

Total annual value added (from crops and livestock) JA the
VAN 

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

/ The model in its current form does not discount variables which are
 
Future versions of
accumulated over the duration of simulation runs. 


the model can compute discounted variables where desired.
 



FORIN - Total annual foreign exchange (from crops and livestock) 

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

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

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

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

EMFI 	 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 criterion variables in column 8 of the summary table are defined 

as follows:. 

TAXPT - Total annual taxes from crop production in the last year 

of a. simulation run - 1 x 1000/yr. 

TAXMT n Total annual taxes from marketing (less marketing board 

revenues) in the last year of a simulation run - h x 1000/yr. 

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

run - 6 x 1000/yr. 

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

run - L x 1000/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 

of a given simulation run - L x 1000/yr. 



The-*"rcriterionviariables in column 9 of the summary 'table
are defined,
 

as follows:
 
VAPT ; -TOtal annual value added from production (crops and
 

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

VAMT, - Total annual value added from marketing (including marketing
 

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

PCNNA - Per capita nutrition of persons consuming cash food (dominantly 

in urban areas) in 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 - E x 1000/yr. 

REV BA(1) - 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 - B 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 theperiod 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(l), SS(2), SS(3) and TSS) are only relevant
 

when the model is run under the same conditions (i.e. producer prices,
 

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

1965.
 



lhese"variables are defined as follows:
 

SS(l) - Total normalized sum of squared deviations :bet%.een actual and
 

simulated staple food prices in Northern-Nigeria over the
 

'period 1952-1965
 

;S(2) - Total normalized sum of squared deviations between actual and,
 

"7simulatedgroundnut sales in Northern Nigeria over the period
 

'1952-1965
 

;S(3) -
Total normalized sum of squared deviations between actual
 

and simulated cotton sales in Northern Nigeria over the period,
 

:1952-1965
 

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

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

model fit wculd correspond to a TSS value of 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 THE NORTHERN MODEL
 

We will now 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 capability of the model.
 

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

current model contains "ballpark" estimates of many key parameters and many
 

of the structural assumptions of the model require careful review. 
In
 

spite of these limitations one can use such a model to develon dannAr
 



insights into complex development processes, to raise relevant questions 

regarding advantage; and disadvantages of, alternative development strategies, 

etc. 

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 major 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 (RMAX) 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 com etition with groundnuts and
 

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

grown in competition with grcundnuts 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.)
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--.144RE*07 
.11;57E.08 

.3FIflE*07 

.7574E*06 

.7318E*06 

.317142.02 a. . 

.256ok-O) a. 
1l64.E-o7 ..a7352.od 

.31lk+06 .4692.05 
-.1378E.06 .311242407 
.2503E+05 .26532.*04 

.9;;57E*06 
*1R82E+06 
.8A1SE-OA 

-.1349r.240A 
-.1m9i2.07 
-.412'E.06 

.. 

I1877F.f0tl 
.2477E-fll 
.96932.111 

1755F41n2 
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TABLE III 

StII"AgY TALi OF OUTPUT F~oom ALL 0tJ*.S AT 1IM.E Tx 30.0l1 YEARS
 

PnLtCt PARAMETER~S CRITER~ION VA9II&'LF.S 

PSc 
QFC 

WII)RAX 
To 
Ti' 

K3(1) 
"tC?)
K3 0) 

Sl~l1 
SI(2) 
Ssjc3) 

TAXPutil 
TAXR,4:21 
TaxPm t(3) 

CF1C-yA 
TAXTJA 
VAhA 

CFIPC 
IAhM!ig 
VAf6 

TAXPT_ 
!AXMT 
TAYA 

VAPT 
VA'4T 
PrNW' 

I l-, 
ss i7)I 
ss(t.3) 

RUNJ 

( 
pec5 
pec 

Tpt2 
TF 
TAXJ 

K3[4) 
KI (5) 
TAXOP(j) 
TfXQPt2) 

51(41 
51(5) 
TAXRP(3) 
TAxRPc4) 

TAXR- 14) 
P;,Bl1) 
Pv~RC2 1 

FC'RFXNA 
CFIM" 
CfI'rNto 

~F rXN 
TAXTh 

TflCROT 
TDFFRT 
TNDINV 

TREVID. 
RFV-8A(1) 
RFVM'8AIP) 

TSS ' 

I f. 
0. 
0. 

.1nooE*05 
lIn0aE*Gl 
*3ngoE*01 

.5(lO0E-On 

.50011EoO0 
*51nO0E*0O 

0. 
0. 
0. 

0. 
0. 
.2flffE*03 

.4309E.07 

.3fl2fE*06 

.1nn9)E+0R 

.1165L.op fl. 
*27b;3Ii.5.. 0. 
:5405E.06 .1873E-D* 

.4f'81E+06 

.1323F-06 

.81ck406 

.:IR77Fi~~0! 
Il3AF*'oi 
*2781FvOS' 

0. 
0. 
0. 

*;nooE*Gt 
l1io)c-E02 
.41-3:.E.C0 

.5ftf'E*00 

.5flonE*0O 
0. 

0. 
0. 
0. 

.2*'lnng*'00 

.21inr-F.O3 

.25OlF-0O 

-o2143E*06 
.2777E*06 
*250?E+06 

-.49iE.*05 
*2n9iE~o5 
.6305E+03 

11. 
0. 
0. 

.1004E-05 

.191nE.-0A 

.5414E+05 

.35,07F--nl 

2 .1ftOCE-CI 
0. 
a. 

.100flE*05 
v)tDnE-0i 
.3nDOE.O 

.5n~nE*00 
.5flOfME*00 
.5flp01'0 

0. 
0. 
0. 

0..4929E+07 
0. 

.2nftfE-00 
96132E+06 
i1i5:)Eoo 

*17.h2E.O2 
.?738E+05 
.6'175F*O6 

0. 
C. 
.j867E*04 

.4534E*06 

.1P41E*06 

.8A15E-.06 

.1 77E*Ofl, 

.9684E*CI 

.22S1F*0v1 

0. 
-0. 0E-o 

.120)E-02 
0..4333E.IJO 

.5m 0flE#0 

.5fl~fE.0O 
0. 
0. 

0. 
0. 
0. 
0.-

.2flfnE*OO 

.250 rE*D 0 

.2rflfF*00 

.7934E.oA 

.3174E.06 

.29OOE~nLi 

.2?26b.n5 
*44"9E+5 
.4 34L *O4 

.1219Ea'05 
*563?E*.0A 
.7747E*03! 

.4.q1'E*05 

.5fl2AJE06 

.5'10E*O5 

-1P2IwE~c 

.6700E*00 
.XW0E-00 

0. 

ilnGGE*G5 
.1n0oE*3i 
*3fl0 Wi. 01 

.5'fOflE.00 0.. 

.5ft~ftE#0ft 0. 

.5PlofE*O0 .0. 

0. 
0 
*2nflflF.O' 

.5n42E~o7 
69q8E406 
.1 i70E+OA 

.1 bflI.O? 

.27671-*05 
*65iI06 

0. 
a.' 

j.t6jE*04 

.4A40E*06 

.2fl0'7E.06 

.8p1-E*06 

IA79Efiln 
55 Ek7E 0lI 
.19fs.O2 

0. *.9n~oE*3i 

. 
a0. 

14MNE-07 
04333E*00 

.5fl0CE*.0i 

.5mfltE*00 
0. 

0. 
0. 
a. 

.2nfllE+0a 

.25nnF-00 
*25nflE.0O 

.1iPQE*07 

.3289E+GA 

.3ni5E,06 

.5t)69L*05 
*b3oqk.G5 
.9agit+04 

.1771EiaS 

.il.34E,07 
.il?7E.0' 

.511'O5~a 

.4P6'4E*04 

.559QE*06 

.2,?E 

4 -. jf%0E-0j 
P. 
0. 

*5mOnE-04 
.fIn:o~oo 
.3100aE.0I 

.5nonF.0fl 
SDP0t'0 

.5"DPiE*00 

0. 
0. 
0. 

0. 
0. 
.2flnF*00 

4S3nF*07 
.5P4AE*06 
.it32E*DS 

ltS L-02 
?.5,9hI.D5

.6,%7 1L.06 

0. 
0.' 
'.1863E*04 

.493PE-04 

.A3QE+06 
a8PiliE*06 

.1A77F*Ofk 

.3R4AF~nl 

.2201,Foit 

0. *9fl00&.1 
'..113OE*02 
0. 413Th.00 

snap,-:+oft 
.5nCflE'0f 

0. 

0. -. 

0. 
0.. 

. 

2n'flfE+00 
.25fn~E.0fl 
.259qF.00 

.65?flE*OA 
*3172E.Oi6 
.2A9PE-nA 

*219AE.o5 
*44tbQk..5 
.5426t-04 

.12104E.O5 

.5fA1PEo'k 

.7764E*D01 

.410PE-OS 

.473'E*06 

.541AE.05 

.6117E-il1 

5' .t.700E*D 

-. 

.5q~ifl.04 

.3n~oE.01 

.5fl0"E.Ofl 0. 
S0. 

.sftorp~an 6. 

-0. -
0. 

.24DOfF400 

402QE*07 
#6A13E40Ah 
11I56E*OA 

*"t79i-.02 
.2739Fb*05. 
.bA44t*06 

0. 
0. 

IF;E0, 

.4A4*AI.0A 

.I090E*06 

.BPI5E*06 

.1$k77;F*fl% 
*24?PF.*nl 
.9P9'IF*d 



a. q'CGE*0j .flOO aE*0 p0. .2n" E*00 .94Q1E+DA b*F!17L# 5 .1769E*OS SFr9 E-05 *1n's~eo 

0. .4333E*00 0. 0. .25one.00 .301?E*06 -. 9iA71tk*4 .11SnE*04 .149AE+06 
0. 0. 

0. 
a. 
0. 

Inc CO&.1-05 
*1n0o'oE1 
.3Df.1 

SP~.ftE*00 
. 500fle.o0 
.5POPfE*00 

*0.-
0. 
.0. 

0-. 
0. 
.2fto!F.'00 

.4953E*a7 

.1677E*06 
91E"79E+OA 

lP~44k~a2 
.2737&+05 
.596!E*06 

a. 
0. 
.1461E*040 

.4107E*C6 
. 1V54-06 
.8p1sE*06 

.1477E.0I' 
*1M3Ae-ql 
.27P1Fool 

0. 
0. 

* .9n~tnE*Oi 
.11GOE402 

.5ftont~oo 

.5fl0'E*00 
a. 
0. 

.2004E40Pe 

.100R~E*030 
-.lfll3E*6 
.2964E.oh 

-.3625E*5 
lft'67.E.a5 

0. 
0. 

BAD~AE*04 
S2E0 

.35t'7E*Cll 

0..4333E*0fl 0. 
0. 

0.* 
0. 

.lflofE*00 .2690E'i06 .642?E*03 0. .216"E*05 

7 .10OUE*01 
a. 

.1nfl00*05 

.1ftoaE*ri 
.5flofE.00 
*.anqOft* 

0. 
0. 

0. 
0. 

.5651E+07 

.3?Eo 
.16OnE.02 
29E0 

0. 
.. 

.~T~6 
iA3AE*06 

*R7~t 
.9A77E#CP 

*3n0E~~i0E~ ~ 0 .20~E00 .342E*06 725,6 .13EO .813E*06 .9AS4Etol 

0. 
0. 

.9pOnE+Oi 

.1100E#02 
*4333E*Oo 

.5n'CIE400' 

.50onE-00 
0. 

0. 
0. 
C.. 

.20014E*00 

.lffE0 

.193E.0 

,1P62E+07 
3b -4E~oA 
*545E*06 

*649e6h4 0 5 
*257CE.05 
.7457E+.04 

j733E+05 
.797'SE*06 
.1109E+04 

.2lR7E.Q5 

.2647E-.06 

.216PE+05 

.1715E+02 

.670CE&00 

.3300E*0O 
a. 

lDr~aE*05 
*IPDDE+01 
*JnfLOi 

.SnlOE*00 

.50002.00' 

.5monE*0a 

0. 
0., 
0.' 

a.-.5925E+07 
0.3955EOA 
.. 2000E*00 .1273E.08 

*2A93E*05 
*7617E.1 06 

0?A~o. 
0. 
.1829E*04 

.558:)E*06 

.2'n3qE*06 

.'3p15E+06 

.1p7AE~nm 

.55F2E*01 

.1QSSE-*D2 

a. 
0. 

a. 

-.4n0E-01 
.it0oE+02 
4333hEd0o 

.500CE-00 

.5na02.00 
0. 

0. 
0. 
0. 

.2'00*#00 

.100!E*00. 

.10002.00 

.1784E+07 
#4110E+06 
.314lE*06 

*1190E*o6 
*3132L*05 
.1444E.05 

.259Q2'05 
~.1691E*07 
.1A67E404 

*294*F405 
.2540E*06 
.842PE*05 

*256?FEft? 

a. 0 

p .lflU0E*01 
a.* 
0. 

.5n002.04 
InOOE*01 
.30002.01 

.5fl0(rE*o00 
.5ftCDE+00 
.5r00E*00 

. 
0. 
0. 

a. 
0. 
.2nanE*00 

*5499E+07 
P3252E+06 
.1poPE408 

.R9AE+02 

.269Ak+05 
*71Gff:+6 

0. -. 

0. 
.le33E-04 

5979E.OA 
.IA3AE+06 
.8p1qE406 

l1R77E*CIA 
.344E#01 
.22P1E.02 

a. 
0. 
0. 

.9ngnE*Cl 
IIOOE*.02 
.4333E+00 

.5r'OoE*00 

.SfnE.00o 
0. 

0. 
0. 
0. 

.2030DE*00 

.IfooE'0o 

.100n2-00 

.1n7AE.o7 

.3A04E.oh 

.3534E.06 

.6769E+05 

.2951E*05 

.74172.04 

.1727E405 

.79122.04 

.11152.04 

.236PE.05 

.24712.0A 

.216R'2.a5 

.6317E.01 

a. 0. 

10 .67002.00f .!5n00E*04 .5n2on0o 0. - 0. .5742E*07- .171AE 07~ 0. .5564E.oA .lA77E*Cr~ 
.330OEo00 

a. 
In1n0i0 

.3tl~fl*01 
.5nOnE*00 
.5M0aE4-00 

0. 
0. 

0. 
.209nE+oo 

.37322.06 

.1241E+08 
.2A9AE:.05 
*7r,87h.o6 

0. 
.1031E+04 

.2t'2dE*06 

.8PISE.006 
.2477E.oi 
.9A9,qF-&o1 

0. .,9nOoE*01 .5q0002.00 0. *2n002.00 s1545E.07 .117flb.06 .25892005 .2021E.05 .1PSSE*02 
0. .11002.02 
0..43332.00. 

.5flfiE+DP 
0. 

0. 
.0. 

.lofE0 

.lflOflE.00 
40942.06 
o3A24E.06 

.34.04t-05 
*14J62..5 

.1.7PE~n7 

.167A2.04 
.2357E.06 
.811 E.05 
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TABLE IV 

,Stim-AFV TABLE 6F OUTPUT FPO" ALL RU%-S AT .TJMI Tr- '%. YeARC 

PMLCY PARAMETEqS,. CPITERION.VARTAR~LFS5 

PRI?I4AX 
PPE"t(2) 
PRFV(Z) 

PP%() 

PRP'I(C) 
PPEIIe) 

TO 
TI 

T2 

TF 
TAXJ 

K3(1) 
93(p) 
KIM~1 

K3~(4) 

KIM5 
TAX'QPI) 
TAXPP(2) 

Sitil 
SIM2 
SJ(3) 

S(4) 

s1(5) 
TAXPP3I) 
TAXPP(4) 

TAXq~tj) 
TAXPM(2) 
TAYP4(3) 

TAXP,4(4) 

plIHfj) 
-?,f2 

CFIC'JA 
.TAXTA 

VANA 

FORFXJA 

CFJN 
cFlr41: 

CFIDC 
FAI . 
VAN 

fnIrFxm 

TAXTKN 
F 

TAXP1 
TAXPIT 

'TA~fA 

TIrr, 

TnFlFRT 
TNnI Iv. 

VApT 
VA4T 
PrM0"AS(3 

TVmg) 

*RF-VIBaCI) 
RFVMRA(P) 

S1 

(4 

TS 

0. .2500E+~04 .5000E+00 0 0. .4339E+07 l1j65E+P2 .0. *4flRlE.OA lv!77F-nfif 

0. .31)00r+01 s"fOflE.oo a. .?.nonF-00 fr9V~QE+O8 .5405E.06 .1873E.&04 SplqE.0fA .2PPe1'nl 

0. 
a. 
0. 

.9n00E*01 

.1100E+02 

.4333E*On 

SnDDOE+Dn 
.5n000E+00 

0. 
0. 

0. 
0. 
0. 
0. 

.2ft'oflF40 

.29nn&o 

.250r'E400 

-.2143Ei~06 
.2'77i7'oF6 
t259jE*a6 

-.4511E405 
.2nrikjIn5
.6365E+9]3 

Vi. 
a. 
0. 

1Q04F-05, 
91E0 

.541QE+05 

.3107E-0lI 

2 .l10E0O1 .2500E*04 
0.-.100DE*01 

0. .3 E4 

.5!0PF.00 

.5riOOE400 

.5ftoftE*0P 

0. 
a. 
0.-

0. 
-0. 

.2flrnfF+00 

.4745E~o7 

.55inE+06 
*1114E.oR 

.1329E*02 
*274flE405 
.6163E*96 

0. 
0. 
.1863E+04 

.452AE06 
IpcE0 
.RP19E+06 

.jR7794nni 

.1994F.o1 

.22Le1F-11 

a. 
0. 

0. 9000E*O1 

.I10CE402 

.4333E40a 

.5PD!'E*00 

.50nE*00 
0. 
0. 

0. 

0. 
0. 
0. 

.2floPE*O0 

.2'ar'e*00 

.25ons*00 

.-;,snE.&06 

.316PE+06 

.2S94E*OA 

.214nL--o5 

*446nE.05 
.540gh-04 

.I~i6E.oS 

.59flI.o" 

.779AE403' 

.428'E405 

.440lE-OfA 

.5410E*05 

.4367F'ni 

3 .6700r:*bC 
.3100E*00 

0. 

*2500E*04 
.IfoL00*01 
.3n00E*0I 

.5flQflE+00 

.5nlCPE*00 

.5n0flE+00 

Q.-
0. 
0. 

0. 
0. 
-.2'fE+00 

.4P26E+07 

.6159E*96 

.14E*VR 

-. 1176E-'O? 
.274flE.g5 
.6fA2A1:.6 

0. 
0. 
.1863E.n4 

.4631E*06 

.I09n&-06 
*~lrj-F-sJS 

.1P77 :4qn 

.145AI.tij 

.5253F-nl 

a. 
0. 
0. 

.9no0e.01 

.1I00b.0? 

.4,133E*00 

.5ftnnE*00 
*.5n0fvF*0ft 

0. 

0. 
0. 

-.0. 
0. 

.2nnnE*00 

.25CQE*00

.250mtIG.00 

.774FAE~fl 

.3?70E*OA 

.3noSE*p6' 

.4006E.r15 

.5P431:r-0 

.9R2Q-04 

.1766E.05 

.112'F 07 

.113ALb.04 

.5nf57F~oai 

.41IA4E.0A 

.14g7I- of 

.6f97L:*0 

A. lflOE40I .1750E&04 
0 .ItD*1 

a. .3r'00t,0i 

*5flope+00 
.5qarE+Oft
.5napE~og 

0. 
0. 
0. 

0. 
3. 
.2nota-0'0 

.4665E-07 

.12nE*06 
nr9(-E 09 

lX26E'rn2 
*274?E.95 
*6144t:.o6 

0. 
Q.-.R~O 
.1064E-04 

.4510f.*06 

~o1.! 

j1A77r-*on 

.1701.gl1
*'7.n 

0. 
11. 

.0. 

'.lnE0 
.4133E.01) 

.'norE.o 
0. 

0. -. 
0. 
.0. 

25OtPE409 
.250F-~00 

.3161I6.0A 
V2841:4 94 

*4421b.05 
;5:7R.f4 

.5520F.oA 

.71R7.;F-.goi 
.4PICL-. 
.4O41 

.SIaDE*00 .incokou ti"OnE-00 0. 0. .565nE+04 .24E9. 0. .115mr.ni 
0. .*34l00E.&31 .5n0flE40n 0. *?ptj:*0 .1111E0A~ *O;9A1.h16 JeP64F~n ~lp4 .d7Cn 



6' 

7 

0. 

0. 

11. 

.1nOPE&OI 

*2104d 

*J~l.1 

.9O.'0 

.1t0t3:*02 

*29DOE*04 

0. 

.5n10tE*013 

.5"Qn.F*09 

*.5l13fl-.gl 
.5flofF*01 

0. 

.5nCP1E*0fl 

0. 

0.0 

0. 

0 . -. 
0. 

0. 

0. 

.2rnnp~flU 

CfF0 
ll~oft5*op 

0. 

.1rv9E~ag 

.rtEa 
.2064E.OA 

.51'53*07 

1S1.) 

*5sb~.9A 

-*A5 0 
*1n67k '~q5 

.1'.bQE.f2 

.. 

lR6lk~n4 

*.eAI-0o4 

0. 

0. 

~lb~~ 

82EO 

c2qb.oc 

l7s 

.35ft7g.nl 

* 1 7e 0 

S 

a.- .qnt0EoE. 
0.*.10~.0 

.6700E.OO0 .2%CPE*04 

.3'%QOE*00 .1fl00h.01 
0..3nOlE.0i 

SPDP0rE*OP 
.5o~E.r' 

a. 

.5f0ttF.00 

.5n'Or'E*00 
*5mGAE~oft 

0. 
. 

0. 

0. 
0.0. 
0. 

.2ftaRFCO0 
*tfllo 

0. 

.2flrnfE*00 

.9no3E+06 
f7,46E-O.S 

e556fE.O7 
.3469E406 
l~oQE~nR 

*6qbpI..15 
.2ri22E.n5 

.17(JAL*Or? 

.27DIL-405 
*1c3QE.fl6 

.1717F~a 

.7909E49f 

0. 
Q. 
*I14341_4 0d 

~ .oc3 
.2767F.OA 

.5S.5?E4GO# 

.2pnAE~n4 
*.3rE0 

4L.I.l 

.1'77F-Sm~ 
.145AE..11 
.5751*'3 

-9 

0. 
0. 

.IAlooE*01 

.1IOCE.02 
,4333E+30 

*1?5r'E*04 

.5.nOnE+Oi 0. 
o. 0. 
0. .0 

*.fl13lfr#of 0. 

11qnpLorJ 
.1nI~nF.0r 

0. 

*4nV6E-06 
.3797E*OA 

*.?QE.137 

*jpnL.oS 
.1423hWio5 

.19 771: 

JAPE0 
i69iE~n4 

0. 

.213En.O 
.7651ft. 

.52PIE40A *IP77p'-nn 

.11*4rkb,0 0.51 0 Ecf 
0.4oE0 

. 
0. 

0 .*1fl2rE.006 
5E+p2P 

.2 7 OnA -153.J a. 3 QInA .l 170u4 
-q 

* .3'P f .1neoE*ol .5nf'0E*00 0. 0.2oF0 .725IE40A .627f.a. f.17n *4 .2PJ7I*:-A .171r.ni 

0. . .433S3E+00 0. 
0. 

0. 
0. 

.VInnrE~ao .3474E40E. ./74.9 .17l3Q§-.04 .27601-0c; 

100.0..5E -9rjo~#P P.63I S4/20/70r77-n 



Comparing Run2 with Run 1 it is'clear'.from the changes in per capita
 

income: (CFIPC) value added (VAIl), etc.,.that, under the assumptions embodied
 

in the model, the groundnut modernization program has been successful.
 

Examination of the detailed computer output reveals that modern methods
 

have been profitable for individual farmers and have widely diffused during
 

Run 3 indicates that the cotton modernization
the thirty-year simulation. 


program has also been successful though its impact upon the economy has
 

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

entensively 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 that this is due to the fact that the comparatively high fertilizer
 

requirement for modern food production makes it unprofitable for farmers
 

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

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.)
 

Run 5 indicates that farm income (in-the model) will actually decline
 

if food pr.oduction (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 (PCNNA) has more than doubled between Run 1 and
 



It is important to note a fundamental difference between results' 6f,'. 

modernization of the two types of food discussed above. Increased yields 

of food grown in competition with cash earners :such as groundnuts and, .i:" 

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 therefoce 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) = P,41B(2) - zero)@ In Runs 6-10 the boards 

are assumed to be operating at a substantial loss (PIM(l) and P11B(2) - .25) 

in order to subsidize and stimulate groundnt 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 price
 
elasticity in the model is probably too high.
 



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

It would beilnteresting to examine what the outcome would be, if the mechani- .
 

zation campaign follows or acconipanies 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 1 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(l) - .67, PREV(2) - .33). 

(Inother 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 

Table I indicates that this allocation results in substantial improvements
 

in all 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

zation programs (RIAX = L 5 million/year-in Runs 4 and 5). Interestingly,
 

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

tion runs will explore the implications of additional reductions in the 

variable RMAX. Runs 6-10 of Table II are identical to Runs 1-5 of the same 

table with the exception of changes in marketing board price policies 

(PMB(l) - PMB(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 III further explores the impact of various marketing board
 

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

of Table II with the following exceptions:
 



Ruts D)M(l) &PIB(2) -MME~l 4 PHB(2)
 

(Table I) (Table III)
 

1-5. 0 .-. .25,
 

6-10 -.25 .1.
 

Some of the results of these alternative marketing board price policies
 

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

(2)shows marketing board revenue and value Added accumulated over a 30-year
 

simulation run (REVBA and VANIA) plotted against marketing board offtake
 

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

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

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

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

Table IV further explores the impact upon model 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 RPlAX •flAX
 

(Table III) (Table IV) 

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

4&5, 9&lO 5 million L/yr 1.25 million ./yr 

In essence, the RMAX 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 simulations (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).
 

CONCLUSIONS AIND AREAS FOR FUTURE WORK 

This',report has defined major policy instruments and criteri.o '
 

-variables 'currentlyincorporated in the.orthern Nigerian Agricultural
 

,'Modeland 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 confsistenc)
 

,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 mbdel
 

additional work is required in two major areas:
 

1)	Review and perhaps refinement of thL basic structural relationships 

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 possible to draw valid conclusions from a properly specified model
 

with unicertain estimates of model parameters but it is not possible to
 

draw valid conclusions from an incorrectly specified model--even with the
 



best posbsible estimates of model parameters..
 

Accordingly, the highest priority in future work must be given to
 

review and modification, where necessary, of basic structural relationships
 

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

extensive field and computer work and close consultations with specialists
 

acquainted with various aspects of the agricultural economy--planners,
 

administrators, economists, extension, marketing and production specialists,
 

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


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

might involve seminars including theconsuming process. The process 

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

In order for this review and refinement pha~e to be successspecialists. 


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 expended on the part of persons involved,
 

this process can be useful in 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
 

But the use of the resulting model may significantly
involved or not. 


assist in the development of successful strategies.
 

Given a model that is properly structured in the sense discussed
 

aboyvS, the problem of data acquisition to provide estimates for the many
 

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


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
 



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


doesn't saycategorically that, for example, development strategy A is
 

superior to B with respect to its impact on specific development objectives
 

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

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

the range 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
 

Experience
a probability density function for each uncertain model parameter. 


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 available 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-


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


this uncertainty and lead to development strategies which are more likely
 

to achieve desired objectives.
 

1/ A Beta distribution
 



APPENDIX A
 

Guide to The Interpretation of Tables I-IV
 

tables included in this report summarize the results of
 

forty simulation runs made with the Northern Nigerian Agricultural Model.
 

Each simulation run had a duration of 30 years and is identified by a run
 

number in the leftmost.(first) column of each table.
 

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

each of the model decision or policy variables for each simulation run.
 

Colurns 6-11 indicate the values of model criterion variables (variables
 

used to evaluate alternative development policies or programs) in the
 

last or 30th year of a simulation 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 corraq

pondence between the variables in list at th4 top of a column and th, 

numbers tabulated in that 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 .100OE + 01. 

Example 2: The value of criterion variable FOREXII ( in Column 8 of 

Table I) in the 30th year of Simulation Run 3 is .4741E + 05. 

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

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

in what is known as exponential notation. Thus, '.000E + 01 is the same 

as .1000 x 101 or 1.000 and .4741E + 05 is the 'same as .4741 x 105 or.47410. 



Finally, it is alsonecessary to observe'carefully theunits of
 

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

of FOREX (annual foreign exchange earnings) are thousands of pounds per
 

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

year of Simulation Run, 3are 47410 x 1000 or 47.41 millions of pounds
 

per year. 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
 

our;;models.
 


