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d;ThiS pﬂper hﬂS threc ObJGCtiVGB- g l) To describe in detail the

‘yj;types of‘planning questions this particular model is capable of addressing
'“fiZ) To present the results of pre]iminary simulation runs which explore some
'sialrcrnative strategits for development of the agricultural sector of Northern
j’Nigeri 1/ and 3) To provide an- assessment of the work that remains in order
. S
fto develop an operational planning model. ,The reader is cautioned to accept
‘the results ofvthe simulation'runs discussed‘herein aS’tentative at this
jtime since they are based upon a preliminary model with very rough estimates
A:of many model,parameters. Further work can make possible a refined simula-
ition model with improved estimates of key model parameters and introduction
of data uncertainties to produce statistical estimates of model outcomes
‘including expected values and standard errors. With further work it may
well be possible to compare the expected outcomes of alternative develop-
'ment strategies ‘and estimates of the expected variations ‘of these outcomes.
In what follows ve 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
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%b) A.seé offéritefién:vﬁriabiés - those vari%bles that planners might-v 
' be interésted in ﬁéing as measures of the success or failure of
developmént programs,'i(e. per capité incrme, foreign exchange
earnings, marketing board revenues, etc,
The paper concludés with a descriﬁtion of some of,fhe more important
policy siﬁulations‘made with the current model and an assessment of further

work required to operationalize the modél.

POLICY VARIABLES OF THE NORTHERN NIGERIAM AGRICULTURAL MODEL

While the model is capable of generating an enormous volume of detailed
informaﬁion, at yearly intervals if desired, only a small fraction of this
is relevant to decision makers. For this réason the model has been pro-
graﬁmed t; print summary tabies of infSrmati;n 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 vaiues are identified with particular
parametérs'by the heédings at the top left of the table, Correépondingly,
the values of the criterion varisbles at the end of each simulation run

appear on the right side of the table.

_Téken‘together, the parameters in the first two columns»of,thesét'.A

Tables determine what, if any, érop modernization programs are introducéd

during a given simulation run. .The parameters RMAX, T0, T1, T2, anc

1/ TFor a guide to'the»intgxp;ggétiﬁh of - these Tables see Appendix A

S
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;:define 1 "modernization"‘budgetl/ vhich canubeiaJlocated to production ff}xf;

[This budget is allocated by the moderniaation executive component of

i;the model to promotion, Lechnical assistance, and subsidies (if any) for 'fi

‘ﬁthe activity of interest, i.e. moderniqation of - groundnuts, introduction

: of draught animals, etc. : T IR = e

Figure l illustrates how these 5 parameters determine the modernization

budget.

- ya
Budget Allocated to.
( Modernization (b/yr )

BAX T T
1. | ‘
.l‘
SN S PR 1715
T2 TF .

- Figure (1)
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,,Agighawﬁ, Rﬁziiaeterﬁihéé”thé‘hégiﬁﬁﬁfi&Vel 6fuanﬁual éxpgndifure‘dﬁ
modérhization?~TO”thé'Stéfﬁofjtﬁé‘ﬁddérh#zdtion program, TF the con;
clu§;9p~§ﬁa so forth,  "‘.- o o . . . i

Giveh tﬁe quernization deget'and‘;ts dig;ribution through time, |
tﬁe paraﬁethfs PREV (1) ghrcugh:PREﬁ(6) determine éhe pfoportion of the ?;éf*

..querﬁizétioﬁ'ﬁudéqt ?qﬁt is'aIIOCated to cach modernization alternative. :
.Sbecifically: |

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

technical assistance and subsidies for modernization of groundnut

production fa number between zero and one)
PREV(2) ='Ditto for cotton production
PREV(3) = Ditto for food grown in competiti&n with groundnuts and cotton
1"‘REV(£_;).m pitto for food (mainly in the middle belt) not grovn in competition
with groun&nuts and cotton |
PREV(5) =-Proportion of the mbderpization budget allocated to promotion,
| technical assistance and subsidies'f;r introduqtion of draught

' animals.}/ T

I -

PREV (6) Propoftion 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 i1s. set equal to one the mechanization takes place
- in the middle belt if the .variable MECH is set equal to zero the mech- -
anization takes place in the grain-groundnut-cotton zones -of Northern
Nigeria, - S : e o

-



tIt should’be pointed out that there are some restrictions’uhich limit
ﬂ;kfthe range of mpdernization alternatives that can he explored with this
fxfmodel. An obvious and necessary one is that PREV(l) o 6o w e PREV(G)
le‘must sum to one. A general rule to follow in designing simulation runs is
’f';that the)model (in ita present form) may yield questionable results if

\

7?more than ohe modernization program is initiated in a given geographical

i:.area.l At the present time the model doesn't necessarily consider ‘all
“{importantuinteractive effects between modernization programs. For example,
.Aif 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 h3(l) e s s v e K3(5), also related to the modernization
: programs, are defined as follows.
KB(l) = Proportion of fertilizer price not subsidized during a
T groundnut production campaign (a number betveen zero and one)
f*f};EKB(Z) ='Ditto for eotton -
'iifK3(3) = Ditto for food grains grown in competition with groundnuts
o and cotton o |

M‘}HK3(4) = Ditto for food not grown in competition with groundnuts and

COttO'ﬂ.

K3(5);= Proportion of maximum cash subsidy (E14l(5)) not paid during

‘ a campaign to introduce draught animal level mechanization.
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By assigning various values to these parameters, a vide ‘range of fertilizer
subsidy schemes can be simulated. ‘As an,example, 1f K3 is .5 for a given

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

paid for’by the modernization budget.

-
-

Also related to modernization programs-‘are the policy parameteis S1(1)
. e ;.. . ;1(5) of Tables I-1v, These parameters are set equal to
eithet zero or one at the beginning of a simulation and they determine
Whetner 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~metnods and that it might be important to investigate
payoifs'from marketing system developments' that would eliminate the need
for-extension serVice involvement in this area, ﬁore‘specifically, if
Sl is zero for a particular commodity the modernization program must pay

the cost of distributing inputs if that commodity undergoes modernization

through a production campaign. If 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., S1(1), S1(2) . . . S1(5) refer
-to the five modernization alternativesvdefined above in connection with
the parameter K3, .

Another important set of model policy variables are the various tax

rates 1in columns 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 polizies, ctc., are constant -

throughout a given simulation run. This can be changed to permit time;f;

© . varying policies when it 1e relevant to do so.

R



ifﬁTAXJ

gad valorem producer tax on groundnuts sold

% %100

1iTAXRP(1)

}E;TAXRP(Z) éfad valorem producer tax on cotton sold -7 r'ldo

jfTQTAXRP(B) ;&ad valorem producer tax on- food grain sold - % x 100 .

J:TAXRP(Q) eﬂadpvalorem,producer tax;on ‘root crops sold ~ % % 100

1 TAXﬁH(4$n;1ad ualorem marketing'tax'bn rbottcrops sold - % x.lOO'

f?TAXRM(l) = ad valorem marketing tax on food grain sold - 7% x 100
lAXRM(2)%é ad valorem'marketing tax on cotton sold -% x 100
TAXRM(l) = ad valorem marketing tax on groundnuts"sold - % x 100

: Normally TAXRM (1) anleAXﬁﬁ(Z) are'zero because these taxes (if any) are
assumed to be combined with any revenue that is withheld from producers by
the marketing boards Ior 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

v ’ producers in excess of marketing board operating costs.
'*:f'fMB(Z)f= Ditto for cotton.

- Thus, if tbe ?MB,parameters are set to zero, marketing boards break even.

'**CRITERION VARTABLES OEfrﬁEENORTuaRN.MoDEL
Ue will now turn our aLtention to a description of the criterion
: *variables appearing in the summary table of the model. These»appear in

",bicolumne 6—10 o£ Tables I-IV.. Beginning with column 6 these variables '

’"f[ are defined as £ollows'i5"qi\
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‘CFIEﬁA";’bisfosaﬂiefpaéh farm’incomc from cfops (gfoundnuts,vcottbh
e s?‘and:qash fobd) in Northern Migeria accumulated over the_leng£h 
[ of :a-given simulation run -~ & x 1000
- TAXfNK = Tot#l taxes (from crop production, ﬁarketing and livestock
. 'includinp marketing ‘board revenues) accumulated over the length
. of the given simulation run - L X 1000 .
VANA = Value added (from crops, livestock nnd related marketing)
- aceumulated over the given simulation run - & x 1000

FOREXNA = Foreign exchange earnings from livestock and cash crops

accumulated over the given simulation run -.5 X iOOO
- CFIN = Annual éash farm income from crops and livestock in Northern
Nigeria iy the last year of a Simulation run - 1 x 1000/yr.
- CFICN = Annuzl cash farm income from crops in Northern Nigeria at
the last year of a simulation run - B x 1000/yr.
The criterion variables in Column 7 of the summary table are defined
as.follows: Co '

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

-

‘per person in agriculture in Northern Nigeria in the last
year of asimulation run - b/person-year
FARMIN = Total annuallincome'from livestock in the last yesr of a
simulation run - £ x 1000/yr. |
VAN ; = Total gggggi value added (from crops and livestock) iﬁ the -

last year of a simulation run - & x lOOO/yr.

’1/ The riodel in its current form doés not discount vartab]eq which are
- accumulated over the duration of simulation rung, Future versions of
the model can compute discounted variables where desired., '




e

: ,‘}FOREXN = Total annual foreign exchange (from crops and livestock)

:'in the last year of: a given simulation run - L x 1000/yr.
‘:"mlffTAXTN = Total annual taxes from cash crop production,'marketing
(including marketing board revenuesl;.and livestock in the last
yeer of a given simulation Tun: - L x 1000/yr.. |
Ul",fﬁﬁfl e Total expenditures on non—farm agricultural inputs (for
| ’ groundnuts, cotton»and food. production) ¢n the Last yenr ‘of a
;"'2 ‘ simulation run - 5 x lOOO/yr. : '

;.The criterion variables in -column 8 of the summary table are defined

as follows:

R

TAXPT i Totalﬂannual taxés from crop production in the last year
of 8ffsimulationirun - & x.1000/yr.,
‘yTAXMT -#,Total annual taXes from'marketing (less marketing board

;revenues) in the 1ast Year of a simulation run - & X 1000/yr.

4 }j; ldx&‘ ‘Total annual taxea from animals in the last year of a simulation
| :»{;’run - B x lOOO/yr. ; |
i;gthCRfoeiTotal annual demand for credit in the last year ‘of a simulation
S run = b’ X 1ooo/yr.., L | |
thPFERT_% Total annual demand for fertilizer in the 1ast year of:a
“{;f»fsimulation run - 1bs 3 lOOO/yr. ’

'}7; Total investment demand (for productive capital) 3n. the last year

‘{of a given simulation run - L x 1000/yr. .
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The criterion variables in colnmn 9 of: the upmmary‘table_are defined

as. follows' TR
VAPT = Total annual value added fromkp$bduction (crops and
livestock) 1n the last year of :a simulation run - b x lOOO/yr._

' VAMT = Total annual value added from marketing (including marketing

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

PCNNA = Per capita nutrition of persons consuming cash food (dominantly
in urban areas) ia the last Year of & given simulation run--
calories/person-year

TREVMﬁ ~ = Total T_gp_x_xg_l_ marketing board revenue (from groundnu;s and

| cotton) in the last year of a simula;ion run - £ x 1000/yr.
REVMBA(1) = Accumulated marketing board revenue from groundnuts ‘over

'the‘length of a given eimulation run - b x 1000

REVMBA(2)

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

Y

Nofthern Nigerian agricultural economy over the period 1952-1965. (For a
more complete deseriptioh 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(Z), S5(3) and TSS) are. onlx relevant .fi#a“

. when the model is run. under the same conditions (i e. producer prices,
eytension programs, etc.) that actually prevailed in Nigeria.from 1952*to,ffﬁ;~9f;

1965,



'fﬁperiod 1952 1965

Total normalized sum of squared deviations between actual and ff

V___.—-\_“ Tel -
,n A

b . ':“;:SS (2
- “*Q;Qsimulated gioundnut sales in Northern Nigeria over. the period o
’7}s1952-1965 | . |
"vi;SS(B);s Total normalized sum of squared deviations between actual
‘“ssand simulated cotton sales in Northern Nigeria over the period;v
o _j}1952-1965 | “;:{‘j e .
tiTSSl: ;«Total squared deviations (SS(l) o+ SS(2) + SS(3))
;érfA perfect model fit would result in a TSS value of zero and a worst"
hmodel fit would correspond to a T S valueaof about 40.‘ Again, it must be
ktemphasized that these criteria are meaningless if model conditions do not.
‘:.match actual conditions over this time period..;f
DESCRIPTION OF PRELIMINARY POLICY RUN“ OF THE NORTHERN MODEL .
\ We will now turn our attention to a discussion of some typical simulation
. TUNS involving alternative development policics.a The purpose of - this discussion )
: Fvis to illustrate how such a simulatlon model _ighg be used as an aid to Aﬁ
:fplanning and to further explicate the planning capability of the model. s

As discussed in the recent progress‘

repoxt;(dated vovember 1, 1969) the ,iﬁ[g
"ﬁfcurrent mode] contains "ballpark" estimates of, many key parameters a“d many |

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

’"°spiLe of these limitations one can use such a model to develop deeperfa




Sl

’insights into complex development processes, to raise relevant questions

';rcgarding advantages and disadvantages of alternative development strategies

etc;, .;j. . . "s‘. .

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

; fpresented.:‘These results are summarized in Tables I II, III and IV. The
'i?many detailed assumptions upon which Lhesc .runs are based are fully ‘des-
‘Vcribed elsewhere 1/ All values in Tables I-IV are those prevailing at the

Qfd-{end of a JO-year simulation run. N , . -

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

',icampaigns upon the four major commodities of Northern Nigeria., Run I is
,da standard run (with no modernization) against which modernization alterna-
BE tives can be compared ~ In Runs 2-5, it is assumed that 10 million pounds’
R per year (RMAX) are allocated to commodity modernization over a lO-year'
‘1“time horizon'(IF minungO), In Run 2 of Table I, this‘amount is allocated'
frto;modernizationrof grOundnut production (PREV(1) = 1), in Run 3 to cottonv
pl(PREV(Z) = l), in Run 4 to food grown in competition with groundnuts and

zi“cotton (PRLV(B) = 1), and in Run 5 to food, mainly in the middle belt, not

iy

"agrown in competition with groundnuts and cotton (PREV(4) 1).

1/ for:these details consult ‘the Pro1ect Progress Report (Revised) dated .
3/15/70 and the detailed simulation run outputs (identifled by the "CQ”
numbers refcrenced on' each table,) - : R

i i
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'} in the model, the groundnut moderniaetion program has been successful.'3

T“'u‘.vaxamination of . the detailed computer output reveals that modern methods
| ohave been profitable for individual farmeis and have videly diffused during
f'hthe thirty—year simulation. Run 3 indicateq that the cotton modernization
B program has also bcen successful thounu its impact upon the economy has

e’

>been less than the groundnut program. This is because cotton is mnot as

uientensively grown as are groundnuts. .

Run 4 indicates that modernization of food (in competition with ground-
-nuts and cotton) has not been. succeasful, The detailed simulation output .
indicateSgthat 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 casi crop prices. In other
;;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 caah erop production )
~Run 5 indicates that farm income (in the modeJ) will actually decline
*t}if food production (not in competition with groundnuts ‘and cotton) is
s¢,modernized.; This is due to the 1ower food prices that rcsult from the increased

(.
f ,supply.; Note, however, that people who buy their £ood in the market are bet-

.V{Tter fed.l Per capita nutrition,(PCNNA) has more than doubled between Run 1 and




|

Run 5.1/ | T T {
It is important to note a fundamental differénce between results of
modernization of the two types of food discussed ?bove. ‘Increased yields’

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

cotton would not necessarily result in increased food supply and lower
food prices. Our results to date inaicate-that cash food is not nearly
‘as profitable for northern férmers és are groundnuts or cotton (where
farmers have the option of growing the latter). ‘They would therefore t;nd
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(1l) = PMB(2) = zero), In Runs 6-10 the boarc
. are assumed to be operating at a substantial loss (PMB(1l) and PMB(2) = ,25)
in ordér to subsidize and stimulate groundnut and cotton producfiun. The
iﬁpacfs upo; farm income, foreign exchange earnings, etc., are dramatic (as
are the mariafing board deficits)., The effects of a wider range of marketing
board price poli;ies will be discussed 1in more detail later.

In éthef éimulation runs (not discuséed herg)‘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

o .
. ¢

1/ This large increase indicates that the estimate for food demand price -
elasticiLy in the model is probably too high.’ :




i;high'costs relative to‘the sma]l cash returns from traditional production.; .
f;It would be interesting to examine what the outcome vould be if the mechani—,
Fﬁzation campaign follows or accompanies a crop modernization campaign. |
;'This is perhaps a: useful area for future work. |
' g We will now turn our attention ‘to the simulation runs of‘Table 11,
: Runs 1 and 2 of Table II are identical to runs 1l and 2 of Table I', In
gRun 3 of Table II the modernization budget was allocated to production
llcampaighs for groundnuts and cotton (PREV(l) = ,67, PREV(Z) = ,33).
(In other ‘respects this run is identical to Run 2 of Table II and Runs
2 and 3 of Table T, ) Comparison with Run 2 of Table II or Runs 2 and 3 of
’fTable Iﬁindicates 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 1I
respectively-except for a.reduction in the 1evel of allocation to moderni-
‘zatlon programs (RMAX = B 5 million/year in Runs 4 and 5). Interestingly,
’:the impact on relevant criteria such as income is quite small, Later simula-
Ztiongruns 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
lhtable with the exception of changes in marketing ‘hoard price policies
ai(PMB(l) = PMB(Z) = - 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 1arge marketing board 1osses.
: | Table III further explores the impact of various marketing board
iﬁprice policies. The assumptions underlying Table III are: identical to those

ffofﬁTable II withlrhe following excaptions.‘viw




Runs . EMB(L) & PMB(2) . PuB(L) & PMB(2)

' (Table ID) , . (Tdble 111)
1-5 0 {.25
6-10 -5 SN

. Some of the resulfs of these alternative marketing board price policies
are abstracted from the table; and.sﬁmmarized in Figures (2) and. (3). Figure
(2) shows marketing board revenue and value added accumulated over a 30-year
simulation run (REVMBA and VANA) plotted against marketing board offtakév
for groundnuté and cotton, PMB(1) aﬁd PMB(2).

Figqre.é plots annual value added, VAN, and marketing board 12venue,
TREVMB, (both at the end of a 30~year simulation run)'hgaiqst marketing
board offtakes, PMB(1l) and PMB (2).

Table IV further explores the impact upon modél results of additional
decreaées 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 . RMAX . RMAX
h (Table IIT) (Table IV)
1-3, 6-8 10 million B/yr 2.5 miilion h/yr o
'ﬂ4&5, 9&10’ | 5 million h/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 displayq the impacL of
changes in the modernization budget upon per-capita Ancome in the 30th yearif

of the simulations (CR;PC) and value added accumulated‘qver.thevduratioqf‘w '573
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etof the 30-year simulations. The curves of Figur% (4) assume - that the

[umodernization budget vas allocatcd to the modernization of both ground-

4Snuta and cotton (PREV(l) = .67, PRFV(Z) = .33) '

 CONCLUSIONS AND AREAS FOR FUTURE WORK

This report has defined major policy instruments and critérion
variables curiently incorporated in thé Horthein Migerian Agricultural
Model and has displayed the results of typical simulation runs made to
. date. It is‘hoped that. this will stimulate criticism and suggestions that
would make refinéd 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 consisten
of the model and its more basic structural assumptions.

As noted'earlier, these simulation results should be regarded as
illustrative only; ln order to develop an operational simulation model
additional work is required in two major areas:

1). Review and perhaps refinement of the basic structural relationsiins

of the model - the variables included and the specific equations
Lhat interrelate these variables,
2) Further data aquisition to provide improved estimates of key model
) parameters. ' .

Of these two areae the first is much more important than the second.

It is possible to diaw valid conclusions from a properly specified model

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

draw valid connlusions from an inoorrectly specified mode1-~even with the ;Q



http:relations'.rs

~Accordingly, the lighest'priority in future work mustibe given to

fiyreview and modification,jﬁhere necessary,\of basic structural relationships

rfiof Lhe model.; Not an easy task, this refinement phase would require
7;€exten91ve field and computer work and close consultations with specialists
fyéacquainted with various aspects of the agricultural economy--planners,
ehoadministrators, economists, extension, marketing and production specia]ists,
";;simulators, etc. Due to the scope involved and inherent cross disciplinary
fnand cross cultural communication problens, the latter would be a time
“’consuming process. The process might involve seminars including the
bhbreadth of disciplines cited above and one-to-one sessions with individual
ixspecialists. In.order,fortthistreview and‘refinement.phase to be success-
Z'ful, the people‘involved'would have‘to be'earefully selected'and.charged
y by their superiors vith specific responsibilities to the undertaking.
| While costly in terms of time exoended on the part of persons involved,

.‘,.

this process can be useful in its own, right. It would seem that seminars

AJ.

v'organized along these lines could contribute directly to the formulation

*jand coordination of development strategies whether ‘a simulation model is

:involved or not.: But thek”sevof the resulting model may significantly
5'assist in Lhe development ofksuccessful strategies. '
i Given a model that is properly structured in ‘the: sense discussed
;gabove, the problem of data acquisition to provide estimates for the many
ivmodel parameters becomes paramount.v While the data problem is a formidable‘

ffone, it is encouraging to note here that it is not necessary to have

}{precise estimates for all model parameters. In manv cages a: model can

{ibe useful to decision makers even when uncertainty exists about Lhe values ;

\«-’ .
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jroi:' individual parameters. In this mode of operation a simulation model
'~doesn t say categorically that, for: example, development strategy A is
superior to B with respect to its impact on specific development objectives

(eriterion variables). Rather, the model might say, that on t-e average A

is superior to B. rurther, the model vould present the decision maker with
the Egggg of outcomes possible under various policy alternatives.

In order to exploit this particular capability of the simulation _
approach, data must be acquired which will make possible the estimation of

a probability densgity function for each uncertain model parameter, Experience

with PERT'(Performance Evaluation and Review Techniqne) 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-~
grams. There is evidence that the simulation approach can help reduce
" this uncertainty and lead to development strategies which are more likely

to achieve desired objectives,



"APPENDIX A

: Guideato#The.Imterpretationﬂof.Tablest-IVf

4The_four tables included in this report summarize the results of

| {Qi;forty simulation runs made with the Northern Nigerian Agricultural Model,
‘iégEach simulation run had a duration of 30 years and is identified by a run

‘”f;{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.

4
'Columns 6-11 indicate the values of model- criterion variables (variables

;;used to evaluate alternative development policies or prograns) in the
ef,last or: 30th year of a simulation run. s
Each column 1is headed by a 1ist of the variables which are tabulated
~~in that column. For a given simulation run there is a one-to~one corres-
| T,pondence between the variables in list at the top of a column and the
~_¢number3'tabu1ated-in that‘column for the“givenusimulation run, Some
‘fyexamples taken from Table I follow'.
'ibnxgmple-l. The value assigned to policy variable PREV(l) (in Column
L 2 of Table I) in Simulation Run 2 is .1000E + Ol
blfV}hrample.Z' The value of criterion variable FOREXN ( in Column 8 of

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

wor« of;explanation is also necessary in order to interpret the

S numbersvprinted in the body of the table. The computer has printed numbers

vhat 's known as eyponential notatjon., Thus,,.lOOOE + 01 is the aam';:drbuﬁlﬁ

‘lOOOfx 101 or l 000 and .4741E + Oo i< the same as .4741 X 105 or 47410




A=2

x‘<" D - , L S
| Finallyb,it is also necessary to observe carefully Lhe units of
neasure that applies to each variable. As described on page 9, the units
of FORBXN (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 ‘3 are 47410 x 1000 or 47,42, millions of pounds
per year.- Thus, in order to pioperly interpret these tables the reader
mst 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"

ﬁrogramming effort this situation tan be improved in future versions of

nr mndale





