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!’simulation ‘team in developing a’ computer simulation model of the Nigerian

LS

;agricultural economy during the period November 1, 1969-May 1, 1970. This ;fi

‘report supplements eariier reports submitted to AID dated April 26, 1968, B

‘*ianondcridnf

This report deecribes the progress made by the Michigan State University
?5“

October 31, 1968, April 1, 1969, and November 1, 1969. To avoid duplication
of previous reports, this discussion will be'restricted-to the recent ‘
accomplienments of the research team. -Further, we shall briefly suggest

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

.contract .

RECENT ACCOMPLISHMENTS
iVSince the last progress report, the research team has engaged in three '
primary streams of activity; (1) a continued testing of the northern regional
model, including some tentative policy explorations within the context of.

thet models (2) conceptualization and programming of the detailed structure

of the southern 7eglonal model; (3) presenting Qhe current model framework

for examination and criticism to professional economiats, systems scientists,

and AID administrators in the U, ‘S.

During the last six montns, one major thrust has oeen directed toward
refining and testing the' model of the northern Nigerian agricultural economy,
modifiing structural relationships to make them more consistent with the i '
northern Nigerian economy, and further exnloring the credibility of the

model and its ability to provide insights into relevant development q“°9t19@3ff"7
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’This process is discussed in more detail in the attached’ paper entitled
‘"Simulating a Developing Agricultural Economv. Methodology - and<Planning

Capability which vas presented at a joint meeting of the American Agri—
" - cultural Economics Association -fﬁtonometric‘Sociery in - December,

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

Agricultural Economics and in a book entitled Frontiers of Ouantitative

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 Vnich describe the computer program (Project Torking
Paper 69-2) and the format which a decision maker can use to explore various
agricultural modernization alternativcs'in the north (Project WOrking Paper
70-1).

Some alternative modernization policies in northern Nigeria nave 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 desgribed in detail‘in Project Yorking Paper 70-2 titled "Planning
Capability of the Northern Nigerian Agricultural Model," attached as Appen;

L N
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iIh adéition to the testing of the simulation model, some alternative
beef distribution policies were examined within a spatial equilibriug
‘.modei. This research examined the nayoffs associated with different com-
 binations of slaughter, transportation, and health care facilities for the
ﬁigerian‘heef industry. It will soon be presented by lir. Barl Kellopgg as
a Ph, D. dissertation at liichigan 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 heen
deQeloping the conceptual framework ruch more thoroughly, and has now
begun the initial prograrming of the complex production interrelationships
involving components for both perennial tree crops and annual crops in the
southern econormy. 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 has used un nore time than originally
anticipated. While we are presently programming models for the southern
region, more information about the hehavioral factors affecting nroducer
responses is necessary to develop a more satisfactory model. TFurther, the
current alternatives being considered by policy makers concerned with
southern repion con sugrest some currently useful trial policy runs. Thus,
a trin to 'imeria is currently beins planned rthich should lead to greater
insights about both farmer behavior (vhere perennials, are production alter-
nativut).and the 1ilelv needs of policy makers., This kind of interaction
begween simulators 2nd volicy maker: is crucial both in developinp softvare

and in putting it into actual use, Our contractual oblipations under this
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Project is only that of developing software; however, we look forward to
direct application possibly in Nigeria’and elsevhere, Currentli, there 1is

a treméndous post-war rehabilitation and reconstruction pressure on lligerian
research agencies and her various ministries dealing with agricultuce and
economlc development., As a consequence, thete are critical questions of
timing involved in sending project personnel to lligeria and in planning

for possible use of the models by MNimerian agencies, thile the fiﬁancial
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 popuigtion of both northern
and southern regions ig quite dependent upon the level of demand for the
productsvhich they nroduce. Vhile prices received by farmers for export
crops are determined by marketing board policies and by the level of demand
in the vorld market for such creps as groundnuts, palm oil, coeoa, etc., the
income potential from food crops is prirarlly dependent upon domestic
demands. As a result, some effort is being expended to extimatr the level

of domestic demand for domestically produced food praducts at varying



LT

levels of income and/or food prices. Further, 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 agricultu;al production),
As a result, the population model which has been developed for the northegn °
reglon 1s 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 joi;t 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 Midwesterm
Simulation Council, at the Workshop on System Science and Cybernetics
at the pppuaj 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 ligerian Simulation
model vas held at Uichiran State Universitv for a group of AIDN administrators
and AID-invited econcmists and agricultural C‘L‘.Ol‘lOX'li.‘v‘t_"S vorkin~ dn the avea
of g{"ricultural develepment, Uhile this sories of seminars ~nd preseataticas
took a substantial amount of time in preparation and presentation, the feed-
back from these meetings has been useful in correcting and directing our

resecarch efforts.
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FUTURE PLANS

Our current plans are to continue yorking on the southern model, putting
a substantial amount of tlme on it between now and the end of the summer.
The effort will involve a trip to iligeria by two or more team members to
develop a better ¢6nceptua1 base for this modeling effort. Subsequently,
the northern and southern regional models will have to be tied together
80 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 shouldvbe developed to provide a ballpark estimate of the com-
petition or comnlementarity between agricultural and industrial develop-
ment efforts of varicus sources. Final.y, all three sectors--northern,
southern and non-ag sectors--will have to be integrated and validated before
some tentative policy explorations can be completed. Uthile Earl Kellogg
has completed the major portion of his Ph, D.owork here at the University
and has left, Dr, Albert Halter will be joiéing 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 ~

rte

, This paper has thrce obj»ctives’ 1) To describe *n detail the j.

, types of planning questions this particular model is capable of addressing
,2) To~present the results of preliminary simulation runs which.explore some’
ca]rcrnative strategies for development of the agricultural sector of Northern
Nigeri / 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 nossible 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 oufcomes of alternative develop- ’
ment strategies and estimates of the expectgd 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, l.e., tax rates, marketing board price policies,

investments in modernization alternatives, etc.

1/ The scope of the model 1s essentially the old Northern Region og'Nigetiagff

L4
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set of criterion variables - those variables that planners might

i;fdevelopment’programs; i.e. per capita income, foreign exchange

SR}

S
e u@«

earnings, marketing board revenues, etc,

R

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

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

'work required to operationalize the model.

“"POLICY VARTABLES OF THE NORTHERN NIGERIAN AéRICULTURAL MODEL
| * While the model 1is capable of generating an enormous volume - of detailedf
dnformation, at yearly intervals if desired, only a small fraction of this :
.18 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 - 1v).1/These summary tables enable the user .
to conpare a number of simulation runs which embody the alternative develop~
ment strategies he is exploring. The numbers down the left side of the
tahles are the values assigned to the policy variables for each of the
‘8imulation runs. Note that these values are identified with particular
parameters by the hLeadings 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 tudla. |
Taken together, the parameters in the first two columns of these
Tables getermine what, if any, crop madernization programs are introduced

during a given simulation run. The parameters RMAX, TO, T1, T2, and TF

. , .
1/ For a guide to the interpretation of these Tahles see Appendix A,
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‘define a4“modernizationﬁ}tudgetlltwhith can5oelallocated;to-production3 |
oampaigns directed at'various-productive activitieSvin‘Northern Nigeria.p
These parameters control.budget values and" timing.

This" budget is . allocated by the modernization exeuutive component of
the model to promotion, technical assistance, and subsidies (if any) for
the activity'of~interest, i.e. modernization of groundnuts, introduction };r
of draught animals, etc.._

Figure 1 illustrates how these 5- parameters determine ‘the. modernization

budget.vVVE?‘

~Budget Allocated to
Modernization (&/yr.)

T0 T1

.. Figure (1)-

Efi!/"»See‘Project erking Paper 7O-l5forsmorefdetailsQ{
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e

' As shown, RMAX determines the maximum ievel of annual expenditureronf,f

modernization, TO the start of the modernization Pprogram, TF‘the”con-

clusion and so forth.

"'Given the modernization: budget and'its‘distribution through~time,.n

‘the parameters PREV(l) through PREV(B) determine the’proportion of the hy

modernizatiou budget that is allocated't aeach modernization alternative. e

:Specifically'

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

’ technical assistance and subsidiesffor mo‘ ?'ﬂ

E production (a number between zero and one)
:PREV(2) = Ditto‘for cotton production
?REV(3) ? Ditto for food grown in competition with groundnuts and cotton 7'fi
PREV(4)'= Ditto for‘food (mainly in the middle belt). not grown in competitionk
" s »with groundnuts andfcotton
3P3§V(§)ii:Proportion of the modernization budget allocated to pronotion,
;technical assistance and’ subsidies fot introduction of draught
animals.1/
:PgEV(G) atPtoportion of the modernization budget allocated to the eradication

}Jof tsetse flys in the middle belt (primarily to provide;additional

l'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 the mech-
#hization takes place in the grain-groundnut-cotton zones of Northern
Nigeria.
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t should be pointed out that there are some. restrictions which limit

"ge of modernization alternatives that can be explored with this
m

An obvious and necessary one is that PREV(l) T PREV(ﬁ)

ﬂmusv_sum to one. A general rule to follow in designing simulation runs is g
that the model (in its present form) may yield questionable results if |

"more than one modernization program is initiated in a given geographical

area.ﬁ ‘At the present time the model doesn t necessarily consider all b‘}
fimportant interactive effects between- modernization programs. For example;
S 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 jields upon groundnut acreage.
| :‘ ;The'parameters K3(1) « ¢ v o & K3(5),'also related to the modernization
programs,kare defined as :iollows:

K3(1) = Proportion of fertilizer price'ggg subsidized during a

~groundnut production campaign (a number between zero and one)»

K3(2) = Ditto for_cotton ’ .

,K3(3) = DittO'for food grains grown in competition with groundnuts.

i } iﬂ;and cotton )

g&i4)€e Ditto for food not - grown in competition with groundnuts and

'<“cotton

gﬁ(d)fe Proportion of maximum cash subsidy (El&l(S)) not paid during ;fj

va campaign to introduce draught animal level mechanization.;»



-mBy assign ing various values to these paramecers,gw wide range of fertilizer‘”

vpaid for by - the modernization budget. y;{

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

 .i. 51(5) of Tables I - 1V, These parameters are set equal to
[either Zero or one at the beginning of a: simulation and they determine -
@whethereor not~the moderniza:ien pnog:am_must pay for_the distribution of;1 
inputSQ:equired to. sustain the given nrngram. Inclusion of this feature
mnas motivated by the realization that input distribution activities couidf;'f
éubstantially 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 deyelopnents that would eliminate the need
.fer extension service involvement in this area. | More specifieafiy, if
81 1is zero for a particular commodity the modernization program must pay

. the cost of distributing inputs if that eommfdity undergoes modernization
;thrdugh 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;; éi(l), S1(2) . . . S1(3) refer -
to the five modernization alternafives'defined above in connection with
the parameter K3. ‘ | e

Another important set of model policy variables are the varidus tax

rates in columms 2-5 of the tables. These are defined as follows:l/

1/ "As presently constructed, the model assumes that regulatory policies
such as taxes, marketing board price policies, étc., are constant

throughout a given simulation run. ‘his can be changed to permit time =~

varying policies when it is relevant to do so. .
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TS = iangal” cattle tax - Hantmal-year

;ThXRP(l) ;:ad valérem“ﬁrodukér tax on groundnqﬁs sold ~ Z x 100
ffAXRP(Z) = ad valorem“pfoducer tax on cotton sold - 7Z x 100
TAXRP(3) = ad valorem producer tax on food grain sold - % x 100
'TAkRP(4) = ad valorem producer tax on root crops sold- --77; 100
"TAXRI1(4) = ad valorem marketing tax on root=crops sold*- 7 x 100
RTAXRM(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

;;§;¥ma11y TAXRM(1) and TAXRM(2) are zero because these taxes (if éhii’are
f';ssumed to be combined with any revenue that is withheld from prdéﬁégrs by
“‘the marketing boards for groundnuts and cotton. )
Marketing board price policies are determined by the policy parameters
PMB(1) and PMB(2) in column 5 of the summary tables. i
PMB(1) = Proportion of total groundnut sales value withheld from

producers in excess of marketing board operating costs.

“ PMB(2) = Ditto for cotton.

%

Thus, 1f the PMB parameters are set to zero, ﬁarketing boards break even.

.CRITERION VARIABLES OF THE NORTHERN MODEL

We will now turn our attention to & description of the criterion
 variables appearing in the summary table of the model. These appear in
coi;%ns 6-10 of Tables I-IV, Beginning with column 6 these variables

are defined as follows:



CFICNA"-_Disposnble cash. farm income fro :erops’ (groundnuts, cotton

nd cash food) in Northern Nigeria.accumulated over: theélengthm
of a given simulation run - b x 1000 |
‘»IAXINA .- Total taxes (from crop production, marketing and 1ivestock
including marketing board revenues) accumulated over: ‘the. length
of the given simulation Tun - L X 1000 ’ :
.VARA = Value added (from crops, livestock ‘and rclatcd marhcting)
' sipe . accymulated over the given simulation run - B x 1000
VFOREXNA = Foreign exchanre earnings from livestock: and cash crops;
",5‘ +-accumulated over the given simulation run - B x 1000
ftC?IN = Annual cash farm income from crops and livestock in Northern
Nigeria ij the last year of a Simulation run - & x lOOOIyr.
_CFICN = Annual cash farm income from crops in Northern Nigeria‘at
the last year of a simulation Tun - B x 1000/yr. | ‘
The criterion variables in. Column 7 of the summary table are defined
‘as follows.
CFIPC = Totalnannual"cash income from crops and livestock (CFIN)
o ﬁ*zper‘person in agriculture in Northern Nigeria jin the last
| : Yenr of asimulation run - L/person-year
ifAhMIN s‘iocal annual income fronvlivestock'in the last yeaf‘of a
“ | B gimulation run - & x 1000/yr. | :
;?vnN = Total éngggl_value added (from crops and-livestock) ih the

last year of a simulation run - kb X lOOO/yr.

1/ The model in its current form does not discount variables which ate””
accumulated over the duration of simulation rums. Future veraions of
~he model can compute discounted variables where desired.
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fdﬁEXN - Iégél annual foreign exéhange (ff§miéf§ps and livestock)
"dn the last year of a given simulation run = le 1000/yr.
TAXIN = Total gggggl»taxeé from cash crop production, m;rketing
‘g(inéluding marketing board~revenues),bandvlivestock in the iaa:.
| yeer of a given simulation run - 5~x.1006/yr. |
ENFI = Total expenditures on non~-farm agricultural inputs (for
groundnuts,'cotton and food production) tn the last year of a
simulation run - & 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- gimulation run - & x 1000/yr.
TAXMT = Totai\annual taxes from marketing (less marketing board
revenues) in the last yecar of a simulation run - & x 1000/yr.
TAXA = Total annual taxes from animals in the last year of a simulation

run - & x 1000/yr.

TDCRDT

Total annual demand for credit in the last year of a simulation
run - b x 1000/yr.
TDFERT = Total annuzl demand for fertilizer in the last year of:a

- simulation run - 1lbs x 1000/yr. :
&QIﬁVi =‘Total investment demand (for productiv; capital) tn the las:;&eét ‘

%;6;;,,,vof a given simulation run - & x 1000/yr.
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‘15&?&titéri§§%§#§iablesfin‘c¢1umn Q:Offthe summary ‘table are defined::

a8 follows:

PCNNA

REVMBA(1)

REVMBA (2)

.Total anuual value added from productiod (cfops:éhd

I o

ffiiVestock) in the last,yeag of :a simuiation run - & x 1000/y§.

‘Total annual value added from marketing (including marketing

boards) in the last year of a simulation run ~ B X 1000/yr.

Per capita nutrition of persons consuming cash féod (dominantly
in urban areas) im the last year of a given simulation run—-
calories/person-year

Total annual marketing board revenue (from.groundnuts and -

cotton) in the last year of a simulation run - & x 1000/yr;'

Accumulated marketing board revenue from groundnuts over

the' length of a given simulation run - & x 1000
Accumulated marketing board revenue from cotton over the

length of a given simulation run - & 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 theéperiod 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(1), SS(2), SS(3) and TSS) are only relevant

when the model is run under the same conditions (1.e. producer prices,

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

1965.
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rﬁesegveriables ere defined as folloﬁe:

SS(l) - Total normalized sum of squared deviations between actual and
aimulated staple food prices in Northern Nigeria over the

%t . -period 1952-1965

53?2) = Total normalized sum of squared deviations between actual and

-

"% tvgimulated groundnut sales in Northern Nigeria over the5beriod'J
*1952-1965 )
38(3) = Total normalized gum of squared deviations between actual
and simulated cotton sales in Northern Nigeria over the period;':
+1952-1965
"+ -“TSS = Total squared deviations (SS(l).+ S5(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 TﬁE 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 Eiﬂh& 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 MNovember 1, 1969) the
current model contains "ballpark" estimates of many key parameters and many
Of the structural assumptions of the model rquire careful review, 1In

;epite of these limitations one can use such a model to develon deanar
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insights into complex develppméht'pi&ééé@eg,{toﬁfhigefreléﬁﬁhf‘questidng i

‘regarding advantqgeé andfdiéédvantagééﬁéf;éltefﬁ;;;vé:develdﬁhent s;rategies,

In what follows, the results of.some forgy;siﬁula;ion‘runs will bé‘
p:esented.’ 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 arévthose prevailing at ﬁhe»
end of a 30~year simulation run. T S T

Runs 1-5 in Table I e#plore the impaét 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(1) = 1), in Run 3 to cotton
(PREV(2) = 1), in Run 4 to food‘érown‘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 groundnuts and cotton (PREV(4) = 1),

\

1/ For these details consult the Project Progress Report (Revised) dated
3/15/70 and the detailed simulation run outputs (identified by the '"C§"
numbers referenced on each table,)




RUN

TASLE I

SNCARY TabLE CF OQUTPUT Fugw apt &yrs 27 TyMg 7 Xn.0¢ YEARS

POLICY FARAMETEDS

PREV(1)
PREV(Z)
PREV(Z)

PAEV(L4)
PREV(S)
PREV(E)

o.

g.
g.

e.

0.‘
0.

«1ACOE0Y ~

0.
g.

G.
-1n00E«01

0. =~
0.
0.

-179CE+01

e.

RAvax
16-
T

T2
TF
T2x

«1000ce05
+1N00EeDY
«3N00EDY

.9N0Nke01
«1100E+02
.4333E+02

«1000E«05
«1nG0k«01
«INnNpELUY

+9n00ES01
«2100ced2
«4333EeU00

«10CNE«05
«1n0NEe0y
300Nk

+YNI0EeDY
+1100key2
«4733ke00

.1030Ee06
LIN00ED]
<3350k«

.9“00}:o31
«11UNcel2
«48332s9n

+100¢NzeGS
+A1NlAcery
«3n00EeG]

fXe1)
L3123
X3t 3)

ZX(4)
KX(%)
Texwegy
TaXPE2)

JHROPESDN
.500rE+0D
.H00rE-QN

.S700F+00
S5RONE-DD

0.

.58CNE«DD
.59C0E-00
.SACNEeQOR

-5RDPE-DO
.5N0NE+Q0O
0.
G.

.90 0NE+QN
.HNONE+Q00

LHNONE-QD

.5A00E+Q0
.o5P00E-QP

0.

.HSN0NE«QN
.HANNE<.QD
-S00REe0n
RCLY 119, Y,)
<2N0CE<QN
0,

OFPfE-NT

A LT LIY T

ONPrEeDn

S1¢iy
S117)
$1¢3)

St1(4y
S1t5)
TAaeka(y)
TAxKkD(4)

0.
g.
a.

u.
0.
0.
0.

0.
0.
0.

0.
0.
0.
o.

e.°
OA.

‘0.

a.
n.
ol
b.

e.
0.
o.

8."
b.
0.
Jd.

c.
u.
c‘

Taxtauey)
TaxRut2)
TaXRury)

Taxru(g)
Pvilyy
Prat2y

0.
°.
«2R0NE«D0’

«20800F+0
0.
o.

6.
T .2000F«00

«2000F+00
o. )
0.

c.

o.
«2%00E+00

«20nLF+00
n.
0.

0.
a.
.2R0NPE+DN

+200PE~20
o.
0.

g.
a'
P0AREeg0

CEITERION VARTASLES

CFitwa
TAXTNA
VENA

FONFYNA
CFin
CFiICcw

47985407
.5277E405
.1051++08

«3567E+05
31531606
+2RB104

+6377c+07
«9202t+05
«1302k+pR

017187'007
*+9183renh
«4217c+06

«5395ken?7
046541 ¢85
«1133-+08

1GX39r+p04
03645:"06
1 $375k .06

+4911t~0?
«5122F«05
«1070repR

01“66b006
«J1R7c 006
«ZY17E+06

e4484ren?7
e919£r05
+91R?2~+07

Crlec
P ak»IN
VAN

t NRFXN
1axTa
ENF I

.1323k+0?2
.2720E+05
9236k« 06

~.2545k405
.1R49E+Q4
.6467E+03

LiA81ken2
.2857E405
.7840ks00

1140k 06

.1R03k+94
.9317k+(04

.15481k+92
.2725E+05
.84U2Eenn

.4741k+05
+1RH3E<(4
.31131k+05

13387k<02
AFRE <G5
S792kens

.C124E«0%
BYRY I Y
Jd107kena

L1226ke2
2ASSEenS
LOR15E 60

TAYPY
Tagmy
TarvaA

THERDTY
THEERT
TNOTAY

0.
6.
+1849E«04

o.
c.

0.
0.
«1803E+n4

< 2205€E+05
«1013r+07
+1415£+04

0.
0.
+1R5XL 04

«1347rens
»135%6ren?
«9130ken2

0.
o.’
«1R34reQ4

+6231E+02
«A231 05
«1607c+03

g.

9. N
«17872c+04

VAPY
VAMTY
PCava

TREVuE
REVMBA (L)
RFvEBat2)

<4531E+06
«1205E+06
+BR1SE-Q6

-.8733E-10
.3N31E+04
- ARZIE«D4

«bP71E«DS
«1770E+06
+AR1SE+04

. 1"775-08_
«2PANE~D4
=.6R31E+D4

«5002E«06 -

«140nke:-
+BRISE«D6

-.291nE-1N
«3INILEe(QS

=-130AE«05

<4572 "eGé
«1221E+06
JBRALGE 0K

+407SE~59
.3N60E+ 04
«.7RYSEeQ4

«3A30E<Q6

- .1175F 04

-1R97E+Q7

SS\iL; 
§S§12y°
AT & 3]

Iss

C1A77E <0
<1038Fe01
<2281E+11

3507601

RTIINTS
RTYYIYY 3!
.2281€+01

«1215F«g?

«1R77Z¢0n
«1837F+013
+5485E+12

«5A08Fen?

<1R81Ceg0
.1497E+01
.521nF<n1

lénqquﬂt

JR56G..enn
S10385 ¢ 01
.77@1‘00?
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‘10

«1PrD0EeDY

~

Je

.
-

<1000E+01

+10J0E+C2

-
-

<1PB0E+02

e.

L S
*

S e

‘as;
.»o-

~1APGE01

LYnlOEsOY

T .1100F«02

0‘333k00ﬂ

«1ni0EL0S
.3600k-01

'.3GGOEOU1

- L900nke01

.1100E+02
+4333k+0n

+100nE0S
+1n00E«04

«3Nn0NEL02

+SN00E+02
«1100E«02
«4333E+00

«100nE<05
+1000kE«C1
«3090ke01

L9NUNESQL
.11C0E202
«4333E+00

,10005«05
+1Nn00&+01
«3n00E«QY

«90002+01

«2100E+02
«4333Ee0n

+1n00ceD1

»3n00E«T1

«9nCnkel1
«110Dke02

.SAQRE~DN

.hanng«gn
J.
n.

.5nQ0F 00
-5A0CE+D0
.SAPDE.QO

.5000F~00
.5N0DE+OQ
a.

0.

5030E-00
.5n0nE«00

.5n0nE~Q0

LEnNnE+OD
.5000E-D0
Q.
0.

.SNONE-DN
.5n00E~0N
LENQRE+QN

.5000E+0D
.5n0NE+QN
n. .

n.

.5n0nF-00
.5P00F«00
.5000E~00

.5nQnRE~QO "

.500nE-0D
8.
0.

J5n00E-0N
.5000E~-0N
.5ngnE-00

.SN00E+Q0
.5 0RE-ON
.
n.

0.
0.

.

..

G.
g.
e.

0.
0.

0.

0.

0.
0.

0.
u'

0'
0.

0.
0.
0.
o.

0.

0.
00

0.
G.
n.

.20n0E<00

00
9.

8.
0. .
.2ranE+00

L2NNNESD
=.2500€-00
=.2900E+0C

0.
G.
£2000E+00

.2"0NE=0D
-,2530F+00
-.25pNnE+0C

0.
0.
.2°00E+00

.2000E+08
-.2500E+00
-.250NE+)0

0.
0.
.?“OnE"ﬂc

.200NEeQU
-, 25002+00
=.250F+J0

0.
o.
.208CF~00

J2NGAE.0D
=.25nnE«00
-.2500F«03

«3033c+05
+292RkE<04
12Ah54Fe D6

5P 39ke0?
~«4821ce(6
+1145E~0R

e 5784204
.3960?006
«JAG5re 06

2 392A8Fe(7
=.1279=+07
«1519k+08

+2994Lk+p7
+O8S52E«04
«85597+06

6969k 07
~.7311£+06
v1255ke08

+1R15%-07
JARIBLeD6
18573504

«6X26k407
= 5053E+04
«1211k D4

_+1050te07
c43275 06
+3N169=+06

-5525:‘07
~.4630r¢06
«1012E+08

ob?ZﬁR*@é

e $738«06
« 347806

TABLE X

-.2587c+09
«1787c+04
.1550ak<«05

2r61E02
+2RAGE 09
.62800k+06

.1718k+95
.$812k«0Y
.07069E+p03

.2557€+05
.9923k«06
.23/6E+06

.13171E+06
«1421E+95

.2r30keg?
2A63E«35
.7278E+«006

«1114E<06
+6344k+05
.1514E+05

L]

«3R1JE.Q2
.2531E+05
.6014ar406

.4744k+05
.4341E+05
LSr64L<04

«1567k«n2
.2“6?&105
.9537k<06

.1475E«05
.3R18E+05
«1522k+n5

c 1456 e
L2005Fen?
293388+

0.
0.
+179ARE+(4

0.
0.
+1733k g4

«3444€E+05
+.1604E+0?
«2054E+04¢

0.
o.
-1830E«04

+1751E+05
+1873E407

T «1N04E+04

0.
0.
«1715k+n4&

«3032Fene
« 3024k <08
«262BRe(Q3

0.
0.

«14566405
.2005C+07
«9396+n

| JE,

X P
~.A731k-1n
<3n31E+04
.6RINE+QD4

Hhn4akeNb
.9654E 05
AR1GE+06

.3992k+05
«376,E+Q5
+1415E+086

.8R4nE<DS
+1N8XE<8A
-3815€+06

«118RE+06
+1192E+07
«1415€+06

JAX2AE+06

<95 74E+05

.BR1KE+Q6E
]

+6525E+05
«3377E+06
+4993E+08

-593RE+16
«9762E+05
.BR16E+06

«5013E<0S

«189RE~06

«4A11E+DA
«9X61E+0%
«1R97E«07

-.3992E+05

=.374%E+06
~.1415E«06

Cs59889 ~ 313/70

«4708E+06"

1l
l

«1A3RE+NY
2281F+n1

+3507€+01

«1R727E+00
«SAR4FESDY -
«?2281F~n1

«12315E+02

IR

«18778«q0
«1037Fen3
.5485F+02
0560“5.02».

«1881E+00
-1497E+01 -
5210501

.6R95ceg1

.8565F+00
<103REe01

' .2281F 01 -
C.4175Be01 .


http:2281E.01
http:I1A77E*.00
http:3492h.os
http:6Ft3fE.04
http:l1567L.o2
http:4744E.05
http:2A75t:.02
http:bAcQkr.OA
http:7a1It.06
http:ponfcF.0n
http:250flE.30
http:250r'E.00
http:InVO0.35

RUN

TABIE IT

SitewaRY TABLE OF OUYPUT FROM ALL RUMS AT TIME Tx XJ.ph YEARS

PALICY PARAMETERS °

PREVLY) RMaAx K3(3)
PREV(2) TA K3t2)
FREV(I) T2 KX (X)
pRcv(ey T2 KX(4)
PRgv(5) TF K3(5)
PREV (&) TAXY TAXRP(1)

TAXRP(2)

0. \1009E+05  _SnpnE-pd
0. +1n0CE«DY .SRONE+00
8. «3000E«01 .S5N0CE-QD
0. «900CE«0t .S00PE+QD
0. «1190E+02 .SnoeE~00
0- .43335000 0.

0.

~1NnQ0E+01 «1n00E.0S .5N00E+00
0. «1n00C.0% .SNONE+QD
Q’ «3N00E«0Y .5000E+00
8. «9000EeDy .S5N00E«D0
0. +1100E402 .S5NC0E-DD
0. «4333E+400 .

0.
+8700E<CD +»1N50E+D5 .590NE+GO
«3XQ0E«Q0 «1n00E«01 .SAQNE+QD

8. «3n00ELQOY .SnQ0E+D0,
g. «9000E«D1 .SNOOE+OD
0. «1100E«02 -5000E-00
0. 4333Ee00 .
L. . 0.
«<31000E-01 500604 .5000E+00
0. 103 Eel1 .SNONE+QD
0. «3000E+01 .SNCNE-QD
D +5N00EQ2 .S00NE+0D
0. «2100Ee02 .SN0NE-QO
8. «4333E+0n 0.

0.

-6700E-00 «SN0NE«G4 .5NQ00E«Q0
—3T00E+00—— 1n00E«01——5nQnEep0
- +3NG0E-01 .S5NO0NE+Q0

S1¢1)
S1(2)
S1¢3)

S31¢4)
S1¢(5)
TAXRP(3)
TAXRP(3)

0.
0.
0.

o.
o.
0.

~o.

u'
0.
g.
o'

o"
0.
g.

0.
0.
0.

0.

0.
0.
00

0.
o.
0.
0.

0.
0.
0.

TaxRueq)
TaXM(2)
TaxR1t3)

TaxeMt4)
PYBLLY
Prgt2)

u.
n.
.2000E+00

.200nE+Q0
0.
0.

0.
.2000¢+00

«200N0E+D0
o.
o.

n.
0.
«2000E«J0

«2800E+Q0
o.
o.

n.
0.
.2N0NE+2D

«2000E-00
a.
0.

0.
0.
" <203NE-D0

CQITEQIGN VARIARLFS

CFlCNa

TAXTNA
VANA

FORFXNA
CFin
CFlcy

«47QRE*Q0?

35?77E¢U5
+1059E+D8

«3547E+05
+3153E+06
+2R31E+06

6377E<07
«5202E+05
«1302E+08

11718E+07
24217E+06

+6793E+07
«4302E+05
«A359E+08

«2367E+0?
14941E+06
+4A7SEDS

+6194E+07
+5216E4+05
+1273E+08

«1520E¢07
«4469F+06
v4233E+06

+6568E+07
+5142E+05
+1324E«08

CrirC

FaRulN
Vah

F DREXN

TAXTN
EnF

.1323E+92

.272nE+p5
.57346E+06

“.2545E+05
«1R49E+(4
8L 37E+Q3

+.1R8B4E«02
.2657k+05
.7R49L.06

.1140E+06
.1R03E«Q4
.9317E+04

.2073E+02
<2A54E+(Q5
.8489E+006

.£7H9h006
.1801tk~34
.1R27E+05

.1R758402
.2460E+QS
.7827E+06

«1126k+06
«1R05E«Q4
.9772E+04

o2nb64Eeg2
.2658E+05
.8458E«p6

TAYPT
TAXMT
TAXA

YDCRDT
TDFERT
TNDINV

9.
0.

0.
0.
o.

0.
0.
«1803E+p4

«1013E+07?
.1415500‘

o.
0.
+1801E+04

«2159E+07
«2131E+04

o.
0.
«1R0SE+04

«1006Ee02
«1421F«04

+1A04E+04

VAPT .
VARTY -
PENNA -

TﬁEVnn.
RFVMBA(Y)Y
RFVMEa (2)

<4531E+06
<1205E+08
.BRIZE+D6

-.8731E-1n
~.3033E+02¢
-.5A31E«04

+8N71E+DS
«1779E«06
«8RI5E«(Q6

«1r77E-Q8
<2R1MAE«Q4

‘«.6B31Ee D4

«6527E+06
«1961E+06
+8FR15E+ (06

~.4075E-09
<2RIGF+04
-.9R74E+0¢

<8N5SEDS
«1772E<0&
«8R15E<+06

-.3201E-09
.2R6LE+(4
~.4831F+04

«6504E+06
+1952E«04

+8R1GE«DA

SS(1y
§8¢2)-

- 88(X)

ISs

. e g -

.1277Fenn’

«173A8Fe0t
«2281F+01

+3507F«n1

-1“775*0"
«FARCFeng
«2281F<n1

12356402,

+1E7RE«Q0
+S582E+n1

+1985F+0?

QZSG’FOQé.

‘1R77EenA

" +384REep
«2781F<09

+637Feng.

~1877F«ph
< +P47PFepY

-+ 9R9XFeg1

h?
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9.
0.
g.

0.
e. -

0.

;j‘_inaoE.o1
’ ;4‘0'

lp‘

,‘n.

0.

»

-6700E+G0
«330BEDD

°Q

© .1n00Ees1

Qe

o

-6700E<Q0

-« 3TQ0E+Q0

«Nn00E21
.11008E02
«4333k+C0

«19C00EL05
.10005001
.3rdCE.D1

.SnbNE«Dy
+1100E+02
+4333E+00

o10305005~

«3000k«01

.9DUDE¢01
«110nE«02
«4333E+00

«1n00E<C5
«1n0NE«DY
«3n0NE«D1

+9000E«D2

+4333ke00

<1n0nEeDy
L3N0NEeD1

.9n00E+01
.1100E«22
«4333E«0N

«5n0NE«Q4
+1n00E<D1
.3N0NEL01

«9P3NEeDY
«1100E.02
«4333k«00

.SrONE«QD
.SRONE+QO
Q.
8.

.5N0nE+DP
.5Pr0PE-CD
.5r0nE-0N

.5npNF+00
.SnonE-00
0.
0.

.5N0NE+Q0

.5n00E+00

.SN0BE+GY

.5n0NE~QD
.Snone+gn
0.
0.

.SNOCE~0D
.SN0PE-OC

.5n0NE+00

.SnONE~DO
.5N0NE~OD
0.
0.

lSﬂOUE*OO

" .5NnOnE«DD

.5n00E+D0

.50nE-00
.5nonE+0N
0.
6.

.SNQ0E+00

.5N00E+QN
.500NE+DC

.S5ngnE+QON
.SNONE«QN
0.
0.

0.
o.
0.

.
0.
0.

0.
0.
u.

0.

0.
0.

0.
0.

'u'

0.

0.
o'

U.-

.0

c.
c.
g.
0.

0.

u.

Q.
n.
u.

-0

.2700E<09
0.
D'

g.
JANN0E.QD

.20N0F«00
-.2590F+00
=.2500E+00

00
0.
.20pPE+Q0

.2000E«00
-.250nE+00
-.2509£+00

0.
0.
.20nAg«Q9

+20gNECQ0

T = 25NNES00

-.250nE~00

;o-

0. :
“.2700E+0)
.200AE+00
-.2500E+00
-.2500E+00
ﬂ.
.200nE+QD
.20CNE+00

'.250"‘5‘00
=.2500g+00

«2109E+07
+492NE+04
+4AG4E+QA

«5R3%E+07
+4623E+06
«1145F+ R

+5781E+06
+3950E«0A
«3695E+06

+B92RE«Q7
v1270E+07
«1519E+08

22994E«07
+SRSOE«DS
«8S97E+06

+97721E+07
+1531E+07
+1599E+0R

1v3911E+07
1 7603E«Q6
«734RE«06

+8851E+07
«121BE+Q7
«1483E«DR

+2763E+07
+6RINE+0S
-6574E+04

+9424E«pn?
«+144RE<p?
+1KR57E+QR

+3F1NEeQ7
«7574E+05
+7338BE+N6

TABLE IT

«1767E+0¢6
«1804E+04
.1P1Ak«0S

.4461E«02
.2£40E+05
.6469E~06

.1718k+05
+3A1PE+ DS
.0769E+03

.2R75E+p2
.2557E+05
.9023E+06

.237AE+06
«1171E+05
".1421E+05

.3190E+02
.2ﬁb7E005
J1r87E.Q7

.3140E+06
-, 1336E406
.2507c+05

.28066E402
«2560E+05
09“98E’06

.2300E-Q6
«1165E+96
.141REk+05

.3178E.02
.2560E+05
+1n64Eep7

«3118E«06
~.1378E+p5%
.2503&005

- cs6oa3T

.3307E+05
. 2145€«07
.2142E+04

u’
0.

<1798E«g4

0.
o.
0..

9.
0.
+1733E+04

» 34448405 |

+1604E+07
+2054E+04

.o'
o. - L
;173?5004
.4693E+05
.3035E407.

«2623E+04

0.
0-., oL
.1735E+04

«3443E+05
«1597E+07
«2074E+04

. «1735E«n4

«4K92E+05
«3N24E+07

2653E+04

30
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Comparing Run 2 with Run 1 it is clear from the changes in per capita

fincome (CFIPC) value added (VAN), etc.,. that, under’ the assumptions embodied"':”
in the model, the groundn;t modernization program has been successful. )
Examination of the detailed computer output reveals that modern methods
have been profitable for individual farmers and have vwidely diffused during.
the thirty-yéar simulation. Run 3 indic&tes that tﬁe cotton modernization
pfogram 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. N |

Run 4 indicates that modernization of" food (in competition with ground—t_
nuts and cotton) has not been successful. ?he detailed simulation output
indicates that this is due to the fact that the comparatively high fertilizer
requirement for moderﬁ food production makes it unprofitable for farmers
to adopt its use at prevailing fertilizer and cash crop prices. In other
simulation runs, with more favorable prices, ;he model indicates that
farmers would adopt modern food production ;ractices because of the net
increase in cash crop production that could result., (Due to the tendency
of northern farmers to be food self-sufficient, greatef food yields would
release land and labor for increased cash crop production.)

Run 5 indicates that farm income (in the model) will actually decline R
1f food production (not in competition with groundnuts'aﬁd cotton) is
mode;nized. This 1s due to the lower food prices that‘result from the increased

supply. DNote, howevef; 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



_”Run 5 1/

It is important to note a fundamental difference between results of

-

‘modernization of the tiro types of food discussed above. Increased yields

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

'fcotton would not necessarilz,result in increased food supply and lower

S
’0, o
e .

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 therefa'e ‘tend
to allocate resources, freed due to increased food yields, to groundnuts
or cotton and ng increase food production.- SR R o
Runs'6-10 are identical to 1-5 respectively with one exception. Runs
145 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(1) = PMB(2) = zero), In Runs 6-10 the boards
.are assumed to be operating at a substantial loss (PMB(1) and PIIB(2) = ,.25)
in order to subsidize and stimulate groundndt 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 m;re 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.
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jhiuhucosts relative to‘ he small cash returns from traditional production.

;Itvﬁould be interestiog‘to examine what the outcome would be if the. mechani-
.ization campaign follows or accompanies a crop modernization campaign.
.Thzs is perhaps a useful area for future work.¢¢

- We will now tutn our attention to the simulation runs of Table Ii: -
';Rnns 1 and 2 of Table II are identical to runs i and 2 of Table I. In.
Run 3 of Table II the modernization budget-was allocated to production
goeopaigns’for groundnuts and cotton (PREV(1l) = ,67, PREV(2) =ﬁ.33).
(iﬁ 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
Table I indicates that this allocation results in substantial improvements
in all relevant criteria. b

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 (RMAX = b 5 million/year -in Runs 4 and 5). Interestingly,
the impact on relevant criteria such as inco%e 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 markezing board price policiles |
(PMB(1) = PMB(2) = -,25 in Runs 6-10 as opposed to zero in Runs 1-5). Again,
significant increases in farm income, foreipn 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 cﬁose

of Table II with the following exceptions:
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MB(1) & PMB(2) RMB(1) & PMB(2)

(Table 11) . ‘('rable'f 1I11) .
T ;;;f".-o IR - ..25:,
ik6;in :;ﬁ:;,25 L il

: Some‘of the resﬁlts of.these alternative marketing board price policies
' f&fé abstracted frombthe tables and summarized in Figures (2) and -(3). .Figuré
"~ (2) shows marketing board revenue and value added accumulated over a 30-year
simulation run (REVMBA and VANA) plotted against marketing board offtake
for groundnuts and cotton, PMB(1) and PMB(2). |

Figure 3 piots annual value added, VAN, and marketing board revenue,
TREVMB, {(both at the end of a 30-year-simulation run) against marketing
board offtakes, PMB(1) and PMB(2).

Table IV further explores the impact upon model results of additional
decreases in the modernization budget as influenced by the model parametér,

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

ITT with the following exceptions: .i‘,“;
Runs RMAX . -RMAX
(Table III) (Table IV)
1-3, 68 10 milldon B/yr 2,5 mitlion /yr
u»4&5; 9&10 5 million &/yr 1.25 million B/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

-



REVMBA

VANA £ (billions) £ billions
1
S 'S
T4
PMB (1) (marketing board offtake) Tl -~ o | B
and t — — t } Fe” — } } — ———1 ©
PMB (2) - |° B 2 S
: P . , e el D
RMAX = & 5 million/year: 47
; PREV (1) = .67 | T4
PREV (2) = .33 , 4.6
4.8
. VANA = value added accumulated - L -T-1.0
over 30 year simulation . -
runs ‘ ' .‘7-‘&4-1.2
;--104
REVMBA = marketing board revenue
accumulated over 30 year : “+_1.6
simulation runs ’ ’ :

Figure 2



VAN &£ billions/yéar .’

TREVMB
&£ billions/year

)? - (marketing board offtake) .

~.2

RMAX

PREV (1)
PREV (2)

£5 million/yé?r -
.33

nwn

e j VAN = ‘value added in 30th Yeaif o

of simulation runs - -

TREVMB = marketing board revenues
: (groundnuts and cotton) in -
30th year of simulation "

runs ) e

Figure 3
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VANA
£ (billions)

]

- 13
1

PREV (1) = .67
= .33

CFIPC = cash farm income per capita e e= e o——
VANA = value added (north) accumu- _

iated over a 30 year simulation
Tun

1\
(Y

.4 5 6 7 8 9

RMAX - millions &£ /year”
(modernrization budget)

Figure 4
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:@bf ﬁhe33OFYear'simulations.__The~curves‘of Figure (4)'assume that the
hodernization bgdéet'was allocated to tbe modernization of both grpund?

i hute and cotton (PREV(1l) = .67, PREV(2) = ,33).

~ CONCLUSIONS ‘AWD AREAS Fog‘ff'bmnn HORK Sty

- - w e

:'feport Ha§ defined major policy instruments and critégiaﬁ"'

;;ariéﬁiégﬁéurrently.iddorporated in ;hefnérthern Nigéfiah Aérié&iiur31 
_;ﬁbdel and has displayed the results of typical simulation runs madé” to
_;date. It is hoped that.;his will stimulate éfiticism'and suggestions that
%would make refined versions of this model more useful to decision makers.
;Thé‘detailed simulation results displayed in Tables I-1IV provide the reader |
>with'a4means of, to some extent at least, eVgluating the internal coﬂsistenc§
> of the model and its more basic structural aséumptions.

As noted earlisr, these simulation results should be regarded as *
illustraﬁive only. In order to develop an operatiénal'simulation’mbdel
‘additiqnal vork is required in two major areas:

1) Review and perhaps refinement of thL basic structural relatigﬁships

.; ofvthé model « the variables included and the specific equations

" “£hat interrelate these variables.

‘ﬁj”Furtﬁer data aquisition to provide improved estim:tes‘of'keygmodel

' parameters.

:; 0£ these two areas the first is much more importﬁnt than the second.
lItjia'possible'to draw valid conclusions from a properly specified model
ﬁith unmertain‘estima;es of model parameters but it is not possible ﬁo

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

]
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7AE§6rdin§ly,'the highest priorit§ in future work must bg gtvéﬁ to
review and modification, where ;ecessary; of basic structural relationshipé
. of the model, Not an easy task, this refinement phase would require
- extensive field and computer work and close consultations with specialists
 agquainted with various aspects of the agricultural economy--planners,
administrators, economists, extension, marketing and production specilalists,
gimnlators, 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 vith individual
specialists. In o;éer 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 custly in terms of time exvended on the part of persons involved,
this process can be useful in its own right. It would seem that seminars,
ovganized along these lines could contribute directly to the formulation
and coordination of development strategies whether a simulation model is
involved or not. But the use of the reéulting model may significantly
assist in the development of successful strategies.

Given a model that is properly structured in the sense discussed
above, the problem of data acquisition to provide estimates for the many
model parameters bec;mes paramount. %hile the data problem 1s a formidable
one, it is encouraging ta note here that it is not 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:
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=o£ individual parameters. In this mode of operation a simulation model
fdoesn t say categorically that, for: example, development strategy A ie

~superior to B with rcspect to its 1mpact on sneeific development objectives

'(criterion variables)., Rather, the model might say, that on the averagAvA

is superior to B, Further, the model would present the decision maker‘with
the ranpge of outcomes possible under various.poiicy 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 ere 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’pto-
grams. There is evidence that the simulatijn approach can help reduce

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

o s tables included in this report summarize the results of

lhforty simulation runs made with the Northern Nigerian Agticultural Model.‘
-Each simulation run had a duration of 30 years and is identified Jy a tun‘
"number in the leftmost. (first) column of each table. o |
Columms 2-5 of the tables indicate the values that wete assigned to ;v

' each of the model decision or policy variables for each simulation Tun, M
*h;Columns 6-ll'indicate the values of model criterion variables (variables |
;jusedjto evaluate alternative development policies or programs) in the

vllest orl30th year of a simulation run.

Each column is headed by a list of the variables which are tabulatedék;
in that column. For a given simulation run there is a one-to—one corres-fq
pondence between the variables in list at th% t0p of a column and th
numbers tabulated in that column for the given simulation tun.‘ Somﬂ
examples taken from Table I follow: “‘ |

Example 1: The value assigned to policy‘vatiable PREV(1) (in Column

| 2 of Table I) in Simulation Run 2 is +1000E + 01.
jiExemple 2: The value of criterfon variable FOREXI ( in Column 8 of
i Table I) in the 30th year of Simulation Run 3 is .4741E + 05,

A word of explanation 1s 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,'.lObOE + 01 is the same

as .1000 x 101 or 1.000 and ,4741E + 05 is the ‘same as .4741 x 105‘or.47410.
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‘Finally, it is also'neeessar;ito“observe*carefully‘the~units of -
measure that applies to each vafiatle. As described on page 9, the unitsif
of FOREXN (annual foreign exrhange earnings) are thousands of poundsfpet
year. Therefore, Table I says that foreign exchange earnings in the. 30th :
year of Simulation Run '3- are 47410 x 1000 or 47. 41 millions of pounds
per year.l Thus, in order. to properly interptetVthese 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

]ptogramming effort this situation can be improved in future versions of :

,our models.



