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,The T6odernization Executive Comonent 

This 	 model, iomoonentperforms three major functions: 

I It: the of the overall model to allocate modt permits user 

renidng resources to a number of alternative comodities 

or programs. In the case of the Northern Nigerian Model 

these alternatives currently are: 

i)I.ntroduction of modern inouts into groundnut production 

i) Introduction of modern inputs into-cotton production 

iii) 	.Iniroductionof modern inputs into food production (in
 

competition with.groundnuts and cotton)'
 

,v)
Introduction of modern inputs into food production (not
 

in competition:.iith groundnuts or cotton)
 

vvi) Campaigns to introduce draught animals into the a) cash
 

"crop-food and b),food only regions'of Northern Nigeria 

i) A campaign to eradicate tsetse fys in the middle belt
 
of,-Nigeria
 

2) The.component permits the policy, maker to experiment .ith 

different,levels -of budget "expenditures for: modernization 
programs and.different distributions of budget allocations 

over 	time 



3) 	Once allocations are made to alternative modernization
 

programs this comoonent controls 'the scale of,the various;
 

programs so'allocated revenue is expended without excessive
 

tbudget surpluses or deficits
 

WThile developed for use in the Northern Model, this component should
 

also be useful in the Southern Model and elsewhere. In uhat follows
 

the structure of this component will be di3cussed in some detail.
 

.ewill begin by describing the w.7ays that total modernization reve

nue and its distribution over time can be determined. The basic input
 

to the:Modernization Executive component is the variable REVMN which
 

represents the total revenue (L/yr.) allocated to modernization programs
 

at any point in time. Currently this variable is set by the user of the
 

model as a policy variable (see Figure TE1).
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As shot.m the user, by:-specifying tho. five Iarameters (PIAX, TO, Ti, 

T2, .T),can control the size, start time,- end time,:bpiildup and 

phasing out'of modernization procrams. This is.currently :+.the way the 

modernization budget is being determined in,the northern model. After 

merger vi-th the southern model.'. this variable, 1.EVM. can be determined 

at some higher policy, level w,-hich, say, allocates ,modernizing resources 

to northern and southern regions. 

Before leaving discussion of this models variable, it should be
 

pointed out that REVMN in general represents the resources which are
 

allocated to stimulate modernization overtly. It therefore represents
 

such publi'cprograms as extension promotion and technical assistance.
 

It can also represent any private expenditures which are directed toward
 

the same.ends. :,he effect of this aliocation,is to-stimulate spontaneous
 

demands for additional modernizing.inputs,through diffusion processes
 

(modeled in the modernization component. The interactions between this 

component and the modernization component are quite important and will 

become clearec as the discussion proceeds. 

Given .EVION the model then allocates this revenue to the,various
 

alternatives under consideration. This is: done ++through a set.of policy 

parameters P.REVi (i - l,2..1I). 

(121) EREV4.(t)= PREV4'I'(t)RIINW 

1 2' 
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flere EREIri(t) is the money.allocated to the ith modernization 

program at any point in time, PEV i is the proportion of the total budget 

allocated to the ith program and N is the number of alternati-ve moderni

zation programs under consideration. The PrIEV's of course must sum to one. 

Given the revenue allocated to each program, the modernization
 

executive component proceeds to spend this revenue in such a manner as
 

to keep the program cash balance within some acceptable limits. Accord

ingly, the component must compute the cash balance for each 

modernization program. Equation (14E2) performs this function: 

(ME2) BALi(t + DT) = BALi(t) + DT*(FREVi(t) - TEXPj(t)) 

lhere: 

BALi - The cash balance of the ith modernization program (b) 

EREVi= Incoming revenue for the ith program (h/yr.) 

TEXPi= The total expenditures of the ith program (L/yr.) 

The total program expenditure TEXPi is composed of a number of items 

as follows: 

(1E3) TEXPi(t) - EXOi(t) + EXli(t) + EX2i(t) + FSUBi(t) 

Where: 

EXOi = Program overhead (b/yr.) 

EXli Expenditures on program promotion (directed at enrolling 

farmers in production campaigns, etc.) - B/yr. 

EX2i - Expenditures on technical assistance (L/yr.) 

FSUMR 4 Expenditures on subsidies (b/yr.) 



The'. terms on the right of this equation 'are computed as follows: 

(I.E4) "EXOj(t) I5-EREVi(t) 

Where 

K5 - proportion of program revenue-consumed .by overhead, 

(?!E5), AEX1it) .lE li) 

!There: 

EXTli = number,of-man equivalents engaged in program promotion-

man units tcompute1 by Equation ,E14) 

T.REl 'corresponding wage. rate-i/man yr. 

(ME6). EX2(t) - WRE2*(DEEX2i(t) + EXTIi(t).S ) 

DEEkli'--number of man equivalents engaged in program technical
 

.asSstance-man units (computed by the .Modernization 

Component)
 

'EXTI1 man-units required to distribute inputs (seeds,
 

,fertilizer, etc.)--computed by modernization component
 

Sl 0 If modernization program must distribute inputs
 

1, othewdise'. 

RB2 ' (0/man-year)The. appropriate wage 'rate. 
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(!1E7) FSUBi (t) -- El4l. (1 - IU i ) (TM.SLEi (t) ePFRTi) 

There:
 

E141i- The program per acre fertilizer requirement (#/acre)
 

TRNSLEi- Total land currently in the modernization program-

acres x 103 (computed .in- the modernization component) 

PFRTITi market price of fertilizer (/lb.). 

a policy parameter - (1 - K3i) is the proportion of
 

fertilizer price that is paid out of the program budget
 

as a subsidy.,
 

In connection with this subsidy, the model computes a farm (subsidized)
 

fertilizer-/ price which is an input variable to the modernization process
 

and hence a factor in determining the criterion function which influences
 

adoption of the modernization program.
 

(128) 	 PFRTi(t) - K3 i PFRTDi(t) 

Here PFRTi is the farmer's fertilizer price and PFRT1i is the normal 

market price. 

Let's turn our attention now to the compution of EXLT1--the key
 

variable used to control program size in accordance with the available
 

1/" 	In the case of the Northern iIodel, subsidies have been in terms of
 
adjustments in farm fertilizer price. If this is not appropriate 
in other situations, cash subsidies or subsidy of other inputs can
 
be simulated by giving different interpretations to E141, PFRTM &
 
PFRT.
 



budget 
 (Recall that EXTi is the manpoTer allocatedto program promotion 

and ence program size regulation.) In summary, the variable EXTI is 

adjustedas a function of t14 factors.
 

i;) the difference- between the actuai program, cash balance (BALj) 

and a desired level of balance (BALDi) 

Li) the rate of change of the program balance 

The latter factor is included to provide an anticipatory factor

which provides more stable and precise control of the budget. 
This is
 

a coarse approximation of the forecasting and anticipation inherent in
 

good':administration and budgeting.
 

The follofing equations combine to generate EXTI: 

'(MEg), BALDi(t) = MINIMUM [K6,PREvi(t).P1AXr.TCA1/T2, K7.PREVi(t).RMAX ] 

Whiere:
 

PREVI ,R T2 = •as defined above
 

TCAM time sincethestart of a modernization campaign, i.e.
 

(TIME - TO)
 

K61 K7 = model parameters
 

-=3s 'equatiions ly allo:i the, desired balance (demand for cash 

reserves) to increase uniformly to some -maximum value of K7"PREHVi(t)*"PhAX. 

at the end,of the program funding (TF in Figure ME-) The purpose of this 

i/in.the parlance of feedback control theory-this is "rate feedback" 



a 

revenue is to cover lingering program cos4ts after external funding has
 

ceased. These costs are incurred due :'o the needs of farmetrs left in the
 

modernization "pipeline" when funding expires.
 

Given BALDi the desired level of expenditure for program promotion, 

Ali (t), is computed as: 

( E10) Ali(t) - ?2 ( I .RBALi(t) + BALi(t) - BALDi(t)) + .,P.EVP(K) 

As discussed above, promotion expenditure is a function of the 

difference between the actual and desired program balances (BALi (t)-

BkLi(t)) and the rate of change of the program balance, RBALi(t). The 

latter term ii simply 

(IMll) RDALi(t) - EREVi(t) - TEXPi(t) 

or incoming revenue minus total current expenditures. The last term
 

in Equation (SE10) is a "normal" level of promotion exlpenditure based upon
 

a forecasted incoming revenue (EREVPi(t)). This latter variable is
 

OM1l2) EREVPi(t) -PREvimt)P.EmNt + PflED) 

Were REVI-91 (t+ PRED) is the anticipated modernization budget 

FRED years hence. 

The actual level of promotion expenditure is Ali(t), computed above, 

lagged to account for a number of real world delays inherent in decision 

implementation. Hence 

(Ml3) A2i(t) - Ai(t) + (DT/DEUL1)"(Ali(t) - A21(t)) 



A21 w actual expenditure on p.cprm nromotion. ?fyr.- (inabsence 

ofl constraints) 

au~l .r Implementation delay--yrs. 

Finally, thie: level, of campaign promotion, EXT1L is co0muted as: 

(,E14) E !Tli(t)* lInl.f .[iAxrIMI(A2i(t), 0), ULEXT ITP:I /,,.k.l 
U'here:: 

maniEXTl*equivalents enraged in program promotion (in program 

expansion) 

.A2i" unconstrained expenditure on protaotion-L/yr. 

ULEXTli - upper limit on promotion,effort (men) 

:InE] appropriate wage rate-/man year 

;This equation computes.promotion effort subject to two constraints: 

a) one to ensure.that this variable is non-negative
 

b) a.rsecond to ensure that total promotion effort does not
 

'exceeda manpower constraint,ULEXTli. 

In eonclusio .the above described component .allocates and manages 

resources for specific modernization alternatives being explored in a 

given simulation run.- -It is called -once for each distinct modernization 

alternative which has been allocated resources for the run in question. 


