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MODIFICATION OF THE NORT N REGIONAL MODEL 
M ACCOUNT FOR A VARIABLE PROPORTION 

OF FOOD SELF-SUFFICIENCY 

Motivation 

The Northern Nigerian agricultural population tends to be com­

pletely food self-sufficient. The northern regional sinulation model 

was designed to reflect this tendency and there seemed no real need 

to deal with circumstances other than this actual 100 percent food self­

sufficiency behavior. 

One of the purposes of refining the Nigerian simulation model 

has been to develop generalized discrete agricultural sector component 

simulation models which may readily be adapted to situations in countries 

other than Nigeria. The present modification to the model is a step 

toward these ends; it enables the investigator to account for a variable 

proportion of food self-sufficiency in the North. This proportion may 

be specified prior to the simulation run or may be generated within the 

model endogenously. 

When tuned to the present Northern Nigerian situation, there 

should be no differences in the system output variables between this 

and the previous less flexible version of the model. However, because 

of its more general nature, the northern model will stand more ready 

for adaptation to situations in other countries. 

Description of the Modification 

This description of the modification is directed toward those 

individuals working directly with the computer simulation program. 

1 
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In order to minimize confusion and facilitate its use, the following 

formt is used in describing the modification. 

1. Equations will be written in FORTRAN format with variables 

taking on the exact mnemnic names used in the coputer 

program. 

2. 	 Each variable will be identified directly below the FMTRAN 

statement in which it occurs. Word descriptions will not 

be repeated for variables occurring in successive equations; 

however, units of measure will be expressed for every variable. 

3. 	 The subroutine in which each change occurs is indicated at 

the upper left of the FORTRAN statement representing the 

4. 	 A glossary of all variables occurring in the modification 

Is given at the end of this report. This glossary identifies 

!n which subroutine each variable is initialized and/or 

calculated. It also identifies each variable as being newly 

created, structurally altered or unaltered by the modification. 

5. 	 A complete FORTRAN listing of the modified subroutines is 

given under Appendix A. 

6. 	 Several simulation runs were made to verify that the modified 

version of the northern model was oprating properly. 

These runs are included under Appendix B, and are annotated 

to assist the reader in making a quick review. 

It should be pointed out that neither tuning nor validation of the 

modification has been done; nor have any experiments been performeu 

with this new version of the model. The objective of this effort has 

been to develop the 'capability' within the model. Further effort 



3 
(possibly by other persons) will be required to refine the modification 

to an operational state. It is for this reason that such a detailed 

description of the modification is given here--along with such a bulky 

set of appendices.
 

Food Demand
 

The proportion of food self-sufficiency is reflected in the 

variable DEMR, the rural demand for subsistence calories. In order to
 

account for a variable proportion of food self-sufficiency, it is necessary 

to modify DEMR as follows: 

POPOUr 

where: 

DEM

XDEtR(

R(

K

K

AREA) =DEMR(KAREA) 

AREA)=FSSR(KAREA)*XDEMR(KAREA) 

() 

(2) 

XDEMR = unmodified value of DEMR, i.e., demand rate for subsistence 

DEM = 

calories (assuming 100 percent food self-sufficiency) 

from the agricultural population ineach northern sub­

region-K cal/yr. 

modified demand rate for subsistence calories from the 

agricultural population in each northern subregion, 

reflecting percentage of food self-sufficiency-K cal/yr. 

FSSR = proportion of food self-sufficiency of each northern 

subregion-dimensionless-

With less than 100 percent food self-sufficiency, the agricultural 

population of the North will reqire supplemental food staples from 

FSSR ray be initialized at the beginning of the siLulation 
run and remain ccnstant throughout or it may be treatcd , :-i endogenous
variable. Both modes of operation are demonstrated in Appendix B of 
this report. 
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the cash market. There is no reason to believe that the farm population 

will alter its basic consumption of subsistence calories or foLlao a 

demand behavior similar to the nonagricultural population. The rural 

demand for cash food staples from the market is therefore calculated 

for each northern subregion by 

POPOLT
 

DSCFR(KAEA)-XDEMR(KAREA)-DEMR(KAREA) 	 (3) 

DS = 	 demand rate for supplemental (cash) food staples frm 

the agricultural population in each northern subregion-

K cal/yr. 

XDEMR = 	 see above-K cal/yr. 

DEMR = see above-K cal/yr. 

The total northern requirement for supplemental cash food staples is 

obtained by 

POPOUr 
DSCFN a 0. (4) 

DO 10 KAREA = 1,4 (5) 

LSCM=DSCFN+DSCFR(KM) (6) 

10 CONINU 

where: 

DCFN = demand rate for supplemental (cash) food staples from 

the agricultural population of Northern Nigeria-K cal/yr. 

DSCFR = see above-K cal/yr. 

.The modified overall northern demand for cash food staples is given by 



PoPOUr 5 

DEMCFN=DE4CW+DSCFN (7) 

where: 

DEMCFM = demand rate for cash food staples for Northern Nigeria-

K cal/yr. 

DSCFN = see above-K cal/yr. 

Land Allocation 

It is desirable to have knowledge of the amount of land that 

would be needed to support comlete food self-sufficiency. This variable, 

XSFL, may be used to determine the amount of cash crop land each unit 

areof labor 	is able to cultivate, XAPL, after subsistence requirements 

satisfied.
 

LANDN 

XSFL(K)=XSFL(K)+DT/S3*O(XDMR(K),/CAIA-XSFL(K)) (8) 

where:
 

XSFL = 	total land required for subsistence food (assuming 100 

percent food self-sufficiency) in each northern subregion-

K acres. 

= time 	increment of the model-years. 

$3 = adjustment lag-years. 

XDMR = 	demand rate for subsistence calories (assuming 100 percent 

food self-sufficiency) from the agricultural population 

in each northern subregion-K cal/yr. 

CAIA = production rate of calories for each northern subregion-

ICeal/acre vr. 

LANDN 

XAPL(K) =AMAX (APLO (K)*CI4G{) -XSFL(K)fLABA(K), ,0.) (9) 
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where: 

XAPL w acres of cash crops per unit of labor (assuming 100 

percent food self-sufficiency) in each northern sub­

region-K acres/man-unit yr. 

APLO = total acres cultivatable per unit of labor in each northern 

subregion at a given level of mechanization-K acres/ 

nan-unit.
 

CM w	a mechaization coefficient greater than or equal to one 

that introduces the effect of labor saving investments­

dimensionless.
 

XSFL = see above-K acres.
 

LABA - total agricultural labor available in each northern sub­

region-K man-units. 

AMAXIa,b] - a function that takes the maximum of the terms in 

the brackets. 

Note that the two variables XSFL and XAPL both are calculated 

assuming 100 percent food self-sufficiency, as reflected by the variable 

XIMER. - Two more variables retained in the model, SFL and APL, are 

calculated in exactly the same manner as above with the exception that 

the actual percentage of food self-sufficiency is reflected by the 

variable DEMR. 

LANDN 

SFL(K)=SFL(L)+UP/S3* (DEMR(K)/CALA-SFL(K)) (10) 

APL(K)=AMAXI(APLO(K)*CM(K)-SL(K)/LABA(K) 90.) (11) 

_/ For consistency, all variables based on 100 percent food self­
sufficiency are preceded by an X. 
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SFL = 	total land required for subsistence food in each northern 

subregion-K acres. 

DEMR = demand rate for subsistence calories from the agricultural 

population in each northern subregion, reflecting actual 

percentage of food self-sufficiency-K cal/yr. 

APL = 	acres of cash crops per unit of labor in each northern 

subregion-K acres/man-unit yr. 

Subregional Accounting 

Income 

Accounting for northern subregional average gross returns per 

acre is accomplished through the following additions to the model. 

MARKET 

AVGRAR(1)=(PPGR*PYAVGR*TINF(i)+PP(3)*PYAVG(3)ITLCF(l))/
 

(TLNF(l)+TLCF(l)) (12) 

where: 

AVGRAR(1) = aerage gross returns per acre in northern subregion 1­

L/acre yr. 

PPGR = producer price received by farmer for groundnuts-/lb. 

PYAVGR = average productivity of groundnuts-lbs/acre yr. 

TLNF(l) = total non-food (groundnuts) land in northern subregion 1-

K acres. 

PP(3) * producer price received by fanner for food grains­

£/lb.
 

PYAVG(3) = average productivity of food rains-lbs/acre yr. 

TLCF(l) = total cash food land in northern subregion 1-K acres. 
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AVURAR(2)=(PPCOYrPYAVCTTUNF(2)+PP(3)TLCF(2))/
 

(TLMF(2)+TLCF(2)) (13)
 

where: 

AVRAR(2) = average gross returns per acre in northern subregion 2­

E/acre yr. 

PPCOT w producer price received by farmer for cotton--/lb.
 

PYAVCT a average productivity for cotton-lb/acre yr.
 

TIF(2) = total non-food (cotton) land in northern subregion 2-


K acres. 

PP(3) - see above-/lb.
 

PYAVG(3) = see above-lbs/acre yr.
 

TLCF(2) = total cash food land in northern subregion 2-K acres.
 

MARKET 

AVGRAR(3)=(PPGR*PYAVGR*TEJG+PPCOrPYAVCT*TIJC+PP(3)*PYAVG(3)*
 

TF)/(TLJGW+TWCF) (14) 

where: 

AVGRAR(3) = average gross returns per acre in northern subregion 3­

I/acre yr. 

PPGR = see above-/lb. 

PYAVGR = see above-lb/acre yr. 

TLO = total land in groundnuts in northern subregion 3-K acres. 

PPCOT = see above-1/lb. 

PYAVCT = see above-lb/acre yr. 

TLJC mtotal land in cotton in northern subregion 3-K acres. 

PP(3) see above-/lb. 

PYAVG(3) = see above-lb/acre yr.
 

TLJF = total land incash food innorthern subregion 3-K acres.
 



MARKET 

AVGRAR(4)=PP(4)'PYACG(4) (15) 

where: 

AVGRAR(4) = average gross returns per acre in northern subregion 4­

£/acre yr. 

PP(4) = producer price received by farmer for food roots-4,/lb.
 

PYAVG(4) = average productivity of.food roots-lb/acre yr.
 

The expression for subregional disposable income must be modified
 

to account for the variable percentage of food self-sufficiency.
 

CONSN 

ADUM(I)=ADUM(I)-PRFD(1)*DSCFR(I)/CPLBN (16)
 

where: 

ADUM = subregional disposable income in the absence of supplemental
 

credit-thousand £/yr. 

PRFD(l) = market price of food in Northern Nigera-/lb. 

DSCFR - deirand rate of supplemental (cash) food staples from 

agricultural population in each northern subregion-


K cal/yr. 

MEN = average number of calories in the aggregate root-grain
 

food bundle-cal/lb. 

Costs
 

The last term on the right hand side of Equation (16) represents 

the farmers' outlay for supplemental (cash) food staples. This term 

Is required in subsequent calculations and is therefore assilped the
 

fonowing *variable name. 
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CSCMR(K)=PFD()*DSCFR(K)/CPLBN (17) 

where: 

CSCFR - cost of supplemental (cash) ,food staples In each northern 

subregion-thousand £/yr. 

) see above-/Ib. 

* see above-K cal/yr.
 

, see above--cal/lb.
 

The above food costs may be expressed relative to the amount of cash
 

crop land in each northern subregion. 

CFPAR(K)-- (18)
CSCFR(K)/AL(K) 


where: 

CFPAR = cost of supplemental (cash) food staples relative to 

the amount of cash crop land in each northern subregion­

£/acre yr. 

CSCFR = see above-thousand £/yr. 

AL = total land allocated to cash crops in each northern subregion-

K acres. 

Net Returns 

The following expression represents actual net cash returns per 

unit of labor for each northern subregion. 

MARKET 

CRL(K)mAPL(K)*(AVRAR(K)-CFPAR(K)) (19) 

where: 

CRL a actual net cash returns per unit of labor n each northern 

yr. 2subregion-£/man-unit 


CFPAR = see above- /yr.
 



APL = acres of cash crops per unit of labor in each northern 

subregion-K acres/man-unit yr. 

AVOAR = average gross returns per acre In each northern sub-

region-F/acre yr. 

It is desirable to have some indication of what the net cash
 

returns per unit of labor would be under 100 percent food self-sufficiency. /
 

MAP=
 

XCRL(K)=XAPL(K)*AVGRAR(K) 	 (20) 

where: 

XCRL = 	 psuedo-net cash returns per unit of labor in each northern 

subregion (assuming 100 percent food self-sufficiency)­

£/man-;unit yr. 2 

XAPL = 	acres of cash crops per unit of labor (assuming 100 percent 

food self-sufficiency) in each northern subregion-

K acres/man-unit yr. 

AVORAR 	= see above-/acre yr.
 

Performance Criteria
 

There is a need for a measure of the goodness of various proportions
 

of food self-sufficiency. A possible profitability criterion of the
 

relative (actual versus complete food self-sufficiency) net cash returns
 

to labor is given by 

NOT iCLUDED 

PCSF(K)=CRL(K)/XCRL(K) 	 (21) 

YTo get an exact calculation would require knowledge of the 
average gross returns per acre, AVGRAR, in each subregion under 100 percent 
food 'self-sufficiency. CaJlculaticn of the indenendent variables in 
Equations (12)-(15) under these conditions would recuire a separate pass 
through the land allocation co.mponent of the model for each time increment. 
At present, it does not seem necessary to forfeit this much efficiency in 
order to generate one variable. 
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where: 

p=5? w profitability criterion of each northern subregion for 

existing proportion of food g lf-sufflciency--dfmensionless. 

cm. = see above--E/ian-unit yr.2 

2yr.
= see above--/man-unitXCL 

Mhis criterion has proved to be inadequate for the purposes of 

As mentioned previously, the variable XCRL is not 
this modification. 


necessa' ilY a true value of the net cash returns under complete food
 

As the disparity between the actual and cornplete food
 
self-sufficiency. 


the validity of XCRL decreases markedly.
 
self-sufficiency increases, 

is at the expenseavailable (and it
the true value of PCSF wasEven if 

pragmatic criterion has been incorporated
a much moreof rodel efficiency) 

into the modification. 

proportionate Gain-Fan Change 

on a fixed proportionnot basedThis profitability criteria is 

It is 
as is the criteria in Equation (21).

of food self-sufficiency, 


based on the existing proportion of food self-sufficiency, FSSR, and
 

the 'best' direction.

the profitability of changing FSSR in 

measures 


PGFC, Equation (22), measures the
 
The 'proportionate gain from change, 


a direction that gives the largest

profitability of changing FSSR in 

net cash returns to labor. 

P' C(K)=AMAXl((AMAa(CPLA(K) ,CRLB(K))­

(22).0.)CRlL(K))/ABS(CRL(K)) 

whiere: 
the existing proportion

PGFC = proportionate pin from a change in 

of food self-sufficiency FSSR--dilensionless. 
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CRLA - net cash returns per unit of labor in each northern 

subregion, reflecting an increase in F&SR above the 

existing proportion (subject to 0 < FSSR < l)-£/man­
2 

unit yr. 

CRLB = net cash returns per unit of labor in each northern sub­

region, reflecting a decrease in FSSR below the existing 

proportion (subject to 0 < FSSR < l)-/man-unit yr. 2 

CRL - actual net cash returns per unit of labor in each northern 

yr. 2subregion--£man-unit 

AMAZIEa,b] = a function equal to the maxium of the terms within 

the brackets. 

ABS[.] = the absolute function. 

The calculations of CRLA and CRLB in Equation (22) are accomplished 

through the following sequence of symmetrical equations.
 

MARKET
 

I FSSRA(K)=AIINl(FSSR(K)+.l,l.) (23)
 

FSSRB(K)=AMQAXl(FSSR(K)-.l,0.) (24)
 

1 DEMRA(K)=FSSRA(K)*XDEMR(K) (25)
 

E4PB(K)=FSSRB(K)'XDEMR(K) (26) 

1 SFIA(K)=SFLA(K)+D/S3'(DEMRA(K)/CALA-SFLA(K)) (27) 

SFB(K)-SFLB(K)+DT/S3*( DEIB (K)/CAIA-SFIB(K)) (28) 

I APIA(K)=AMAX1(APLO(K)'CM(K)-SFIA(K)/LABA(K) ,0.) (29) 

APLB(K)=AMAJQ(APLO(K)*CM(K)-SFLB(K)/LABA(K) ,0.) (30) 

DSCFRA(K)=XDEMR(K)-DDERA(K) (31) 

CFRB(K)=XDEMR(K)-DEMRB(K) (32) 

CSCFRA(K)=PRFD(1)*DSCFRA(K)/CPLBN (33) 
CS FRB(K)=PRFD(1) *DSCFRB(K)/CPLBN (34) 

1 CFPARA(K)=CSCFRA(K)/AL(K) (35) 
CFPARB(K)=CSCFEB(K)/AL(K) (36)
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t CREA(K).APLA(K)*(AVGRAR(K)-CFPARA(K)) (37) 
CLB(K)=APLB(K)*(AVGRAR(K)-McFARB(K)) (38)
 

It is not necessary to give a description of each of the above 

equations. The letter A or B at the end of a variable name (with the 

exception of CALA and LABA) indicates that it has been calculated on a basis of 

an increase above or a decrease below the existing proportion of food 

self-sufficiency FSSR. Each of these variables, calculated on the basis 

of the actual FSSR, has been described earlier in this report. 

It will be noted from Equations (23) and (24) that perturbations 

above and below FSSR are limited to +10 percent. These amounts may be 

easily changed if desired; however, they should be kept as small as possible. 

Just as with XCRL, Equation (20), ORLA and CRLB are pseudo, becoming more 

invalid the greater the disparity in the proportions of FSSR. 

Endogenous Determination of the 

Proportion of Food Self-Sufficiency 

The exponential average of PGFC, Equation (22), better represents 

he farmers' perception of the profitability of changing the existing 

portion of food self-sufficiency. This is accomplished through the 

following statement. 

CALL DELAY(PGFC(K) ,PCFVA(K),ROuF(K) ,DEL?,DT,l.) (39) 

where: 

PGFC = proportionate gain from a change n the existing proportion 

of food self-sufficiency FSSR--dimensionless. 

PQA = exponentiil average of PGFC, representing the farmers' 

perception in each northern subregion-di.ensionless. 

ROU1F = internal variable required by the DELAY subroutine. 
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DELF = a constant (time) that determines the weight farmers 

give to past experience. 

PT = time increment of model. 

For the endogenous determination of FSSR, a function is needed 

which will 

i) cause FSSR to tend toward a level yielding maxinum net cash 

returns to labor yet, 

ii) reflect the inertia of human behavior. 

Such a function is given by the following sequence of FORTRAN statements. 

MAPW 

IF(CRLA(K)oGT.CRLB(K)) GO0 3 (40) 
FSSRC(K)=FSSRB(K)-FSSR(K) (41) 

1 FSSRC(K)=FSSRA(K)-FSSR(K) 
 (42)
 

2 C0NTINUE 

FSSR(K)=FSSR(K)+ 
 (43)
 

1 FSSRC(K)*AMAX((I.-EP(-E202(K)*(PGFCA(K)-E203(K)))) ,O.) 

where: 

CRLA,B = net c h returns per unit of labor in each northern 

subregion, reflecting an increase (decrease) in FSSR 

above (below) the existing proportion (subject to 

0 < FSSR < l)-/1man-unit yr.2 

FSSRC = the change in FWSR which (among those considered) will 

give the largest net cash returns to labo--dimensionless. 

FSSRA,B = proportion of food self-sufficiency 10 percent above 

(below) the existing proportion FSSR (subject to 

0 < FSR, B < l)--dimnsionless. 
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FSSR - actual proportion of food self-sufficiency of each northern 

subregion-dimensionless. 

an exponential average of the proportionate gain fran aPGFCA = 

change (FSSRC).in the existing proportion of food self­

sufficiency FSSR-dlmensionless. 

E202 = a parameter controlling the rate of change at which FSSR 

Ltual!y changes in each northern subregion-dilmensionless. 

a parameter controlling the threshold of profitability,E203 = 

below which the existing level of food self-sufficiency
PGFCA, 

remains unchanged--dimensionless.
 

EXP = the exponential function.
 

AMAX[a,b] = a function equal to the rnAxium of the terms within 

the brackets.
 

Statements (40) through (42) determine the magnitude and direction
 

of the change to be considered. Equation (43) adjusts the existing
 

value of FSSR in the direction of the change according to the perceived
 

The illustration below
proportionate gain from the change, PGFCA. 


depicts the general shape of te fction described by Equation (43).
 
"
 -. *.... 

PSSR 

........ T'--- "- --

rm
 

FSSR X0P* 

PSSRB 

I3 PGFCA' . -4. ' ..
0E203 ... ,. I !. . - ' - . .
 

http:FSSRC).in
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Testing of the Modification 

Several simulation runs were made to verify that the modification 

was operating properly and not interfering with other parts of the model. 

An obvious built-in check was made by letting FSSR - 1, the value assumed 

by the unmodified version of the model. The output from this run was 

exactly identical to the output from a 'straight' run of the model without 

the modification. 

Six runs were made to check the behavior of the modification 

under the following conditions. 

1. FSSR = ; exogenously determined (remaining 

at this value throughout the run) 

2. FSSR = "5 exogenousy determined (remaining 

at this value throughout the run) 

3. FSSR = 0. exogenously determined (remaining 

at this value throughout the run) 

4. Initial FSSR = 1 ; endogenously determined thereafter 

5. Initial FSSR = a5 ; endogenously determined thereafter 

6. Initial FSSR = 0. ; endogenously determined thereafter 

Several WRITE statements were included in the modification for 

this testing stag ie are unimportant once checked out and 

should be removed . 

As mentioned earlier, it was not the objective of this study 

to perform any experiments with the new modification. The objective 

was to develop the 'capability' within the model. The test runs indicate 

that the modification does, indeed, function as would be expected. These 

runs are irnluded under Appendix B and are annotated to assist the 

interested reader in making a quick review. 



GLOSSARY 

The following glossary isprovided for the convenience of those
 

individuals working with this modification. Variables preceded by a 

double asterisk (f*) are created by the modification, those preceded
 

by a single asterisk (*)are structurally altered by the modification,
 

and those variables appearing with no asterisk are structurally unaltered,
 

but used by the modification.
 

*ADUM - subregional disposable income in the absence of supplemental 
credit-thousand £/yr. 
(Eqn 16)
(CONSN) 

AL - subregional total land allocated to cash crops-K acres
 
(Eqn 18)
 
(LANDAT; LANDN)
 

APL = 	 subregional acres of cash crops per unit of labor-

K acres/an-uaityr.
 
(Eqns 11, 19)
 
(LANDAT; LANN)
 

see APL; reflects a 10 percent increase (decrease) above
*APLA ­
(APLB) 	 (below) the existing level of FSSR (0 < FSSR < )-


K acres/man-unit yr.
 
(Eqns 29, 30, 37, 38)
 

APLO = 	 subregional total acres cultivatable per unit of labor 
at a given level of mechanization-K acres/man-unit yr. 
(Eqns 9, 11, 29, 30) 
(SENDAT) 

**AVGRAR = 	 subregional average gross returns per acre-£/acre yr. 
(Eqns 12, 13, 	14 , 15, 19, 20, 37, 38)
 

CALA = 	 subregional production rate of calories-K cal/yr.
 
(Eqns 8, 10, 27, 28)
 

**CFPAR = 	 subregional cost of supplemental (cash) food staples
 
relative to the amount of subregionsl total cash crop
 
land-/acre yr.
 
(Eqns 18, 19)
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**CI=ARA 	 see CFPAR; reflects a 10 percent increase (decrease) 
(CFFARB) 	 above (below) the existing level of FSSR (0 <-FSR < 1)­

£/acre yr.
(Eqns 35, 36, 37, 38)
(MARKET) 

CM = 	 subregional mechanization coefficient greater than or 
equal to one that introduces the effect of labor saving
Investments-dimensionless 
(Eqns 9, 11, 29, 30)
(SENDAT) 

CPLEN = 	 average number of calories in the aggregate root grain
food bundle-cal/lb. 
(Eqn 16, 17, 33, 34) 
(MARKEE) 

**CRL = 	 subregional net returns per unit of labor--/man-unit yr. 2 

(Eqns 19, 21, 22) 
(MR) 

#*CRLA = see CRL; reflects a 10 percent increase (decrease) above 
(cRLB) (below) the existing level of FSSR (0 < FSSR < )­

(Eqns 22, 37, 38, 40) 

**CSCFR = 	 subregional cost-of-supplemental (cash) food staples­
thousand £/yr. 
(Eqns 17, 18)
 
(MARKE7T)
 

*1 CSCFRA = 	 see CSCFR; reflects a 10 percent increase (decrease)
(CSCFRB) 	 above (below) the existing level of FSSR (0 < FSSR < l)­

thousand £1yr.
 
(Eqns 33, 34, 35, 36)
 

**DELP = 	 a constant (time) that determines the weight farmers give
to past experience related to focol self-sufficiency­
yrs.
(Stmt 39) 

*rCFN = 	 demand rate for cash food staples for Northern Nigeria-

K cal/yr.
 
(Eqn 7)
(POPOUT) 

*-MR­ subregional demand rate for subsistence calories from the 
agricultural population reflecting actual percentage of 
food self-sufficiency-K cal/yr.

(Eqis 1, 2, 3, 10)
 
(POPOLIT)
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*DEOMA = see DEVE; reflects a 10 percent increase (decrease) above 
FSSR < 1)-K cal/yr.

(DRB) 	 (below) the existing level of FSSR (0 < 

(Eqns 25, 26, 31, 32)
 

,DSCFN a 	 demand rate for supplemental (cash) food staples from
 
the agricultural population of Northern Nigeria-K cal/yr.
 
(Eqns 4, 6, 7)
 
(POPOUT)
 

**Ir.A. = 	 subregional demand rate for supplemental (cash) food staples 

from the agricultural population-K cal/yr. 
(Eqns 3,16, 17) 
(POPOUT) 

= see DSCFR; reflects a 10 percent increase (decrease) above**DFRA 
FSSR I)-K 	cal/yr.

(D80MB) 	 (below) the existing level of FSSR (0 < 1 

(Eqns 31, 32, 33, 34)
 
(MARKET) 

= subregional 	parameters controlling the endogenous determination
*E202, E203 

of the proportion of food self-sufficiency (FSSR)-dimensionless 
(Eqn 43)
(SENDAT) 

**FWSI = 	 subregional proportion of agricultural population food
 
self-sufficiency--dimnsionless
 
(Eqns 2, 23, 24, 41, 42, 43)
 
(SENDAT; MUM)
 

subregional proportion of food self-sufficiency 10 percent**'F A = 
above (below) the existing proportion FSSR (subject to(PSSRB) 
0 < FSSR < 1)--dimensionless
 
(Eins 23,724, 25, 26, 41, 42)
 

LABA a 	 subregional agricultural labor available-K man-units
 
(Eqns 9, U1, 29, 30)
 
(PoPourT)
 

PCSF = subregional profitability criterion for existing proportion 
(Not included)of food self-sufficiency--dimensio'less 

(Eqn 21) 

mP0FV * 	 subregional proportionate gain from a change in the existing 
proportion of food self-sufficiency FSSR--dimensionless
 
(Eqns 22, 39, 43)

(MAM)
 

*mPGFCA * 	 exponential average of PGCFA, representing the farmers'
 
perception of the profitability of a change-di, ensionless
 
(Eqns 39, 43)
(I' ) 
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PP(3) n 	 producer price received by fanner for food grains­
S/lb.
 
(Eqns 12, 13, 14) 
(MODAT; AMP) 

PP() - producer price received by fanner for food roots­
X/lb.
 
(Eqn 15)
 
(MDDAT; AMP)
 

PPCO -	 producer price received by farmer for cotton-/b.
(Eqns 13, 14) 
(MODPRP)
 

TPGR = 	 producer price received by farmer for grain--/lb.
(Eqns 12, 14)

(IDPRP) 

PRFD(1) = 	 market price of food in Northern Nigeria-1/lb.
(Eqns 16, 17, 33, 34)(MMS; MAKE)
 

PYAVCT = 	 average productivity of cotton-lbs/acre yr.
(Eqns 13, 14)
 
(MODAT; MODPRP) 

PYAVG(3) = 	 average productivity of food grains-lbs/acre yr.

(Eqns 12, 13, 14)
 
(AMPDAT; MOD)
 

PYAVG() = 	average productivity of food roots-lbs/acre yr.

(Eqn 15) 
(AMPDAT; DOD) 

PYAVOR = 	 average productivity of groundnuts-lbs/acre yr.

(Eqn 12, 14)

(MODAT; YDDPRP) 

R ?= internal variable required by the ELAY subroutine
 
when employed to obtain exponential average of profitability
 
(Eqn 39)
 
(IDIDAT; MARKET)
 

S nadjustment lag-years
 
(Eqns 8,10, 27, 28)
 

(LANDAT)
 

* subregional total land required for subsistence food-
K acres 
(Eqn 10)
 
(LUDAT; LANIN)
 

"!*SFLA = see SFL; reflects a 10 percent increase (decrease) above
 
(SFLB) (below) the existing level of FSSR (0 < FSSR < 1)-K acres.
 

(Eqns 27, 28, 29, 30)

(InJI) 
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subregion 1-K 	acresTL(l) = 	 total cash food land in 
(Eqn 12) 
(LANDAT; LANDN) 

TLCF(2) m 	 total cash food land in subregion 2-K acres
 
(Eqn 13)
 
(LANDAT; LOW)
 

TL3C a 	 total land in cotton in subregion 3-K acres
 
(Eqn 14)
 
(LANDAT; LANDN) 

7LW = 	 total land in cash food in subregion 3-K acres
 
(Eqn 14)
 
(LANDAT; LANDN) 

T7G a 	 total land in groundnuts in subregion 3-K acres
 
(Eqn 14)
 
(LANDAT; LANIN)
 

LNF(l) = 	 total non-food (groundnuts) land in subregion 1-K acres 
(Eqn 12) 
(LANDAT; LANDN) 

TLNF(2) = 	 total non-food (cotton) land in subregion 2-K acres
 
(Eqn 13)
 
(LADW; LANDN)
 

*'XAPL = 	 subregional acres of cash crops per unit of labor 
(assuming 100 percent food self-sufficiency)-K acres/ 
man-unit
 
(Eqns 9, 20)
 
(LANDN; MARKET)
 

*',,OtL., = 	 subregional net cash returns.. p unit labor (assuming 
yr.2 

100 percent food self-sufficiency)-/man-unit 
(Eqns 20, 21) 

subregional demand rate for subsistence calories (assuming*'XDEMR = 
100 percent food self-sufficiency)-K cal/yr.
 
(Eqns 1,.2, 3, 8, 25, 26, 31, 32)
 
(PoPouT)
 

, 	 subregional land required for subsistence food (assuming 
100 percent food self-sufficiency)-K acres 
(Eqns 8, 9) 
(LANDAT; LANUN) 




