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A TOOL FOR INTEGRATED AGRICULTURAL POLICY ANALYSIS IN THE SAHEL 

INTRODUCTION 

"Yesterday's pzojection will never really know, but tomorrowts recollection will
surely show." Carol King and James Taylor, FOREVER MY LOVE
 

This paper presents a description of a preliminary model of agricultural supply

and demand in Senegal. The purpose of the paper 13 to show how a simple under­
standing of Senegalese agriculture may be quantif£ed with.the data available,

programed for operation on a computer, and then used for policy analysis. The

model is primarily for demonstration purposes and only a step towards constructing
 
a more complex and useful model.
 

The model is being constructed for the Office of Sahel and Francophone West

Africa of the U.S. Agency for International Development (AID). The long-term

objective of the modeling process is to allow policy makers to project qualitatively

the effect of various donor interventions befor implementation. An intermediate
 
objective is 
to provide AID with an integrated explaination of a Sahelian socio­
economic system which determines food supply and demand.
 

The rationale for the proposed relationships in this demonstration model are
 
taken primarily from the literature on agriculture in.Senegal and the Sahel.
 
Other literature and expert opinion have been used. 
When necessary to fill obvious
 
gaps in the literature, common sense reasoning has been uttilzed.
 

the model is not a complete statement of Senegalese agriculture. Four submodels 
have been included which describe crop production in the Groundnut Basin and the
Senegal River Valley, cereal consumption in the citites, and government economic 
policy. The sectors do not reflect a complete description of the system. In
addition, sectors for the Casamance Region and the eastern regions are presently
omitted. 

A description of the model is first presented, followed by policy analysis using
 
the model.
 



A SUMMARY DESCRIPTION OF A MODEL OF AGRICULTURE IN SENEGAL
 

'OAL AND POLICY VARIABLES IN THE MODEL 

A model is generally useful only when conatructed to solve a particular problem.
That is, before constructing the model it is first necessary to define the
variables which we desire to affect, and the variables which we have in 
our
 power to change. 
The former we called goal v,riableswhile the latter we call
policy variables. 
These goal and policy variables that have been determined
 are listed in tables 1 and 2, respectively. The model ia not yet it a stage

where alI of these variables ar,.. included.
 

THE SUBNODELS 

The model is disaggregrated into sectors which represent different aspects
of agricultural supply and demand in Senegal. 
These are: (1) the cities,
(2)the Groundnut Basin, (3)the Senegal River Valley, (4) the government,
(5)eastern Senegal, and (6)the Casamance Region. Each region can be diq­
cussed and treated separately as different submodels of the overall model.
& general overview of the first four submodels follows. 
The model is Wxplicitly

described in annex A.
 

The Cities
 

Urban cereal demand depends on the number of urban people and the cereal demand
per capita. The cereal demand per capita depends on the average price of cereals
 
:o consumers and on income per capita.
 

Den.nd is split between rice, wheat, millet, and sorghum based on relative prices,taste preferences, and availability. The availability of domestic cereals dependson available production- in the rural Theregions. availability of Imported cerealsdepends on foreign exchange obtained from groundnut exports.
 

The Groundnut Basin
 

In the eggregate, land is first allocated for subsistence crop production.
Demand for subsistence needs is onbased the number of rural people, cerealrequirements per capita, stock and seed requirements, and expected cereal yields.The amount of land planted is constrained by land, labor, seedand availability. 

Income crops are then planted based on laud and labor availability. Income cropsare food crops for urban consumption and gr.oundnuts for export. 
Land for income
is split between these two crops depending on their relative expected revenues perhectare.' Expected revenues will depend on groundnut band cereal prices and the 
amount of each crop sold.
 



TABLE I
 

GOALS FOR SENEGAL/
 

Food 	Self-Sufficiency
 

la. The population can be divided into six groups: average and above 
income urban, low income urban and rural children under six years
and the average and above income urban, low income urban and rural 
people six years and older. Daily caloric consumption per capita
should equal or exceed FAO standards for ninety percent of each 
population group for each month of the year. This consumption is 
measured after nutrition los s due to such causes as diarrheal 
diseases have been deducted.f 

lb. There should be no donor food aid except to those droug
which occur with a frequency of once every seven years.1 

years 

lc. 	 There should be no donor food aid to any economic sector which
 
contributes to the achievement of the prior two goals.
 

Income
 

2a. 	Real average rural income per capita shouid increase gradually.
 

2b. 	The national income per capita distribution should narrow.
 

2c. 	Real average urban income per capita should not decrease.I/
 

Health
 

3. 
Decrease or prevent an increase in the incidence of the major

diseases: malaria tuberculosis, trypanosomiasis, onchocerciasis,
 
schistos iasis. gastro-intestinal diseases in children, and
 

-
measles. V
 

l/ 	These goals are meant as ultimate goals and not as means towards
 
achieving other goals. 
 They are taken unless indicated elsewhere,

from the broader goals in the AID proposal to Congress for the
 
Sahel Development Program. (AID, Proposal for a Long-Term

Comprehensive Development Program for the Sdhel. Part II, p la-3.
 
There are no dates included since the purpose of a model which
 
included these goal vairables would be to indicate approximately

when, for different rates of donor aid, these goals could be
 
achieved.
 



TABLE 1 continued
 

2/ 	Average daily caloric consumption per capita in Senegal was 2300
 
calories per capita in 1970, or ninety-seven percent of FAO's
 
minimum requirements for Senegal. (FAO, The State of Food and
 
Agriculture, 1974, p 145.) 
 This would imply that, assuming a
 
normal distribution of food consumption in Senegal, as much as
 
fifty percent of the population might consume less than FAO
 
requirqments. FAO also estimates that for the total African
 
population only seventy five percent of 
the 	people consume more
 
than FAO requirements. This contrasts to ninety-seven percenz

of the people in the developed countries. (FAO, The State of
 
Food and Agriculture, 1974, p 108.) 
 The 	choice of ninety percent

of Senegal is arbitrary except that it is a larger fraction than
 
is presently the case.
 

3./ 	 This frequency of drought of once in twenty years is often
 
accepted by donors as a minimum standard for the capacity of a
 
Sahelian country to meet its own emergency needs. Other donors
 
argue for a Sahalian capacity to withstand droughts that occur
 
with a frequency of only twice in every hundred years. 
(AID,

ProTosal for a Long-Term Comprehensive Development Program for
 
the 	Sahel Part II, p 2.)
 

4/ This has been included although it is actually a constraint
 
since it is a sine qua non of political officials in the Sahel.
 
It has been included as a goal since it relates directly to
 
the other income goals.
 

51 -AID considers these the major diseases in Senegal. 
(AID,

Development Assistance Program, 1976-1980, Central-West African
 
Begion, Section III p. A-16.)
 



TABLE 2
 

DONOR AND NATIONAL POLICY INSTRUMENTS FOR SENEGAL l/ _/ 

Agriculture and Fishing Policies
 

Food and Cash Crops
 

la. Aid for current crop production inputs (i.e. seeds, fertilizer,
 
pesticides, etc.)
 

lb. Aid for crop production capital (i.e. plows, oxen, drying and
 
storage facilities, etc.)
 

lc. Aid for development of water resources (i.e. irrigation
 
facilities, land preparation equipment, etc.)
 

Livestock
 

2a. Aid for fire control and prevention (i.e. firebreaks, lookout
 
towers, etc.)
 

2b. Aid for development of water resources (i.e. resevoirs, wells,
 
levees, etc.)
 

2c. Aid for animal health services.
 

2d. Range management policies.
 

2e. Aid for forage production.
 

Infrastructure
 

3a. Aid for extension services to improve cultural practices.
 

3b. Aid to expand credit services.
 

3c. National agricultural policies (i.e. input subsidies, support
 
prices, export taxes and subsidies, meat import restrictions,
 
marketing, etc.)
 

3d. National transport policies (i.e. transportation subsidies,
 

road construction and maintenance, etc.)
 

3e. Aid for research.
 

3f. Aid for improved factor and product marketing systems.
 

3g. Aid for ndustry (i.e. fertilizer production, agricultural
 
processing, etc.).
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TABLE 2 continued
 

Other Policies
 

4
a. National income policies (i.e. taxes, price controls, etc.)
 

4b. National trade policies (i.e. import subsidies, exchange
 
rates, custom duties, etc.)
 

4
c. Aid for education.
 

4d. Aid for disease prevention services.
 

4e. Aid for nutrition improvement.
 

4f. Aid for family planning.
 

4
g. 	Aid .-r urban development.
 

4h. Aid to industries such as mineral production, tourism. etc.
 

4i. Migration policies.
 

1. 	Aid is defined as the delivery of money, materials, commodities,
 
or personnel assistance from a donor to a recipient country.

Aid may be given as either a grant or a loan.
 

2. 	 The policy variables will be disaggregated by the following
regions in Senegal: the Senegal River Valley, the Groundnut 
Basin, the Casamance Region, eastern Senegal, and the cities. 
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Cereal and groudnut yields are determined by the rainfall, the relative amount of
fallow land, and current inputs, e.g. fertilizer, pesticides, etc., per hectare. 
The amount of land planted per person depends on the agricultural capital stock, 
e.g. plows, oxen, etc., available to the farmers. Investment in current and capital


jnputs is -he sum of funds availaBle to the farmer plus development aid. Imports of
 
fertilizer are limited by foreign exchange availability.
 

The Senegal River Valley
 

Crop production is primarily food crops. 
 It is assumed that 'armers follow the same
decision rules as to land allocation for subsistence and income as indicated for 
the Groundnut Basin. 

Cereal production is produced from irrigated or non-irrigated land. Non-irrigated 
crops include dryland and flood recession crops. The decision for a farmer to plant
irrigated crops or not depends on a comparison of net revenues per hectare for each 
crop and relative work involved, Revenues depend on yield and price, while labor
depends on hectares planted per active worker and whether the crop was double or
 
single cropped.
 

The Government
 

All prices are determined outside the model, or exogenously. The model accounts

for foreign exchange earned by groundnut exports and payed for cereal and fertilizer 
imports.
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USING THE MODEL FOR POLICY ANALYSIS 

Che model, as described in annex A, was programmed on the AID computer in the
computer language DYNAMO. The program 
 is given in annex B. The computer language
is briefly described in annex C. 

The programed model was operated on the computer to simulate events from 1970

to 197'0 and to project events to 2000. 
The purpose of the historical simulation

is to provide the user with some assurance that the model is sufficient to at
least represent actual past behavior of Senegales agriculture. This historical
representation does not assure validity of the model's projections. However, serious
differences between model and actual behavior indicate deficiencies in the model.
The purpose of the projection is provide to measure the effects
to a base of policy
interventions. 

The hitorical and projected model isbehavior first presented. The two sets of
policies are tested to change the projected behavior. Finally, v relationship

in the model is changed to indicate how the model may be used to identify research
 
requirements.
 

HISTORICAL AND PROJECTED BEHAVIOR 

The behavior of the model is shown in figures la and lb. Only aggregate behaviorfor Senegal has been presented, although similar figures could be presented for
each region in the model. The base projection is based on continuation of historicalbehavior for all variables determined outside the model, such as prices.

major regional development projects are assumed to affect the projection. 

No
 

LiIrou 1970 to 1975, cereal consumption per capita fluctuated due to the drought.
Cereal production was provided from primarily rainfed agriculture and imports,

with, relatively little coming 
 from irrigated production. 

From 1975 to 1990, rainfed cereal and groundnut production stabilize with fluctuations
due to rainfall. The stabilization of rainfed crop production has several causes. 

Population pressure in the Groundnut Basin causes an increased demand for income

and food. Farmers, able to achieve greater production faster by increasing land,

decrease the amount of fallow land. This causes a slow decline in cereal yields
which means farmers mst plant more land for subsistence needs and less for income.

As income revenues decline, less revenues 
are available for fertilizer and there is
 
a further decline In yields.
 

As groundnut production reaches a maximum, so do groundnut exports and revenues.

This 
 limits imports of cereals and fertilizer. The abrupt decline in groundnut
production in due tothe 1990's is the inability of the country to buy fertilizer.
Thus urban cereal consumption falls due to declining cereal imports and growing

urban population.
 

POLICY ANALYSIS
 

Two secs of policies have been chosen to demonstrate the output of the model. There
 
are many other policies that could have been chosen, 
 and many combinations of all these
iolicies. 
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FIGURE la
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FIGURE lb
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Rainfed Crop Production Strategy
 

The first policy set is based on increasing rainfed cereal production. Four
 
policies are implemented:
 

a. 	Changing urban preference for rice and wheat such that rice, wheat,
 
millet, and sorghum are viewed as qualitative substitutes. The will
 
require primarily solutions such as new techniques for converting millet
 
into high quality commercial products;
 

b. 	Increasing the price of millet and sorghum to the farmers by 5 peroent
 

per 	year to a maximum of 2.5 times the present price;
 

c. 	Increasing the price of cereal imports by 2 percent per year; and
 

d. 	Decreasing to one year the delay in achieving technologicall- possIble
 
crop yields based on available inputs. This will require an effEctive
 
trained extension staff, or equivalent means to insure technolo-y uLansfer
 
to farmers.
 

The results of these policies are shown in figure 2.
 

Irrigated Crop Prcduction Strategy
 

The 	second policy set is based on increasing irrigated cereal production.
 
Two 	 policies are implemented: 

a. Investing 400 million dollars from 1977 to 2000 in irrigation facilities 
valued at 2680 dollars per hectare. In the model 2100 and 3000 dollars
 
per hectare represent respectively irrigation with (1)partial water
 
control and pumping stations, and (2)full water control.
 

b. 	Decreasing to one year the delay in achieving technologically possible
 
crop yields based on available imputs.
 

The 	results of these policies are shown in figure 3.
 

IDENTIFYING RESEARCH REQUIREMENTS
 

A model can be used to indicate research requirements. This can be done by 
taking model relationships for which definitive data are not available and varying
 
them over a range of possible values. If these changes do not effect the
 
model projections, then there will be no need to be concerned about the
 
relationshi ,' specific form. If there is a major effect which would indicate 
a change in policy recommendations, then research is necessary to better define 
the relationship. The following is an example of such a relationship. There are 
others in the mode. 
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FIGURE 2 
DOMESTIC RAINFED CEREAL PRODUCTION STRATEGY 
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FIGURE 
IRRIGATED CEREAL PRODUCTION STRATEGY 
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In the model there is an estimate of the mineral content of the soil in the
Groundnut Basin. 
There is no definitive data on what this value should be. It
is possible to choose many values for the soil fertility depending on expert
analysis. The effect of increasing this estimate by a factor of 3 is shows in
 
Figure 4.
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ANNEXES
 



ANNEX A
 

DETAILED DESCRIPTION OF MODEL
 

The model has four distinct subsectors which are: 
 (I) an urban sector, (2)
a Groundnut sector, (3) 
a Senegal River Valley sector, and (4) a government budget
sector. 
 Each sector will be described. The explanation of the equations have
been simplified. For more precise definitions, consult the program listing in
 annex B. An index of variable definitions is given at the end of this annex.
 

URBAN SECTOR
 

Total urban cereal demand is equal zo 
the product of urban population and
 
urban cereal demand per capita. If,
 

URPOPt = urban population (people)
 

URDPCt = 
urban cereal demand per capita (metric tons per person)
 

URDE~t = 
total urban cereal demand (metric ton)
 

then,
 

URDEMt U (URPOPt)(URDPC )
 

Urban demand for domestic millet and sorghum is determined by the (1) total
urban cereal demand, (2) the fraction of urban cereal demand supplied by rice and
wheat, (3) desired additions 
to urban stocks of millet and sorghum, and (4) short­
falls in rice and wheat supply. 
Urban demand for rice and wheat is similarly
 
determinpd. If,
 

URDDPt 	 urban demand for domestic millet and sorghum in year t (metrictons) (In following definitions of variables with a subscriptt, the phase "in year t" will be omitted.) 

URCIMlt ­ urban demand for rice and wheat (metric tons)
 

URIF t U fractton of urban cereal demand supplied by rice and wheat
(dimensionless)
 

URDDASt W desired additions to urban millet and sorghum stocks (metric tons)
 

URDIASt - desired additions to urban rice ane wheat stocks (metric ton)
 

URISHTt = shortfall in rice and wheat supply (metric ton)
 

URDSHTt - shortfall in domestic millet and sorghum supply (metric ton)
 

then, 

URDDPt - (URDEMt) (1-URIFt) + URDDASt + URISHTt 

URCIMIt W (URDEHt) (URIFt) + URDIASt + URDSHTt.
 

The fraction of urban cereal demand supplied by rice and wheat (URIF ) is 
a
function of the price of wheat and rice and the price of millet and sorghum. 
The
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ratio of cereal prices determines the fraction supplied by imports. 
In addition.
equal prices do not imply an equal preference for the different cez3als. Rice
and wheat are preferred for taste and convenience of preparation. Thus, urban
 consumers are willing to pay a premium for such cereals. 
The relationship which

determines the fraction is given in figure Al.
 

Figure Al
 

THE RELATIONSHIP BETWEEN THE

FRACTION OF URBAN CEREAL DEMAND SUPPLIED BY RICE AND WHEAT AND 

THE RATIO OF RICE AND WHEAT TO MILLET AND SORGHUM PRICES
 

1.0 
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.25
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Urban demand for imported riceand wheat is determined by the (1) urban demandfor rice and 
heat, (2) fraction of urban rice and wheat demand supplied by imports,
and (3) shortfalls in domestic rice and wheat supply. 
Urban demand for domestic

rice and wheat is similarly determined. If, 

URIRDt - urban demand for imported rice and wheat (metric ton) 

URDRDt - urban demand for domestic rice and wheat (metric ton) 
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URRFt = 	 fraction of urban rice and wheat demand supplied by imports(dimensionless) 

URDRSHt = shortfall in domestic rice and wheat supply (metric ton)
 

URIRSHt = shortfall in imported rice and wheat supply (metric ton)
 

then,
 

URIRDt -	 (URCIMlt)(URRF) + URDRS t 

URDRDt = 	(URCIMl t ) (l-TRRFt) + URIRSHt. 

The fraction of urban rice and wheat demand supplied by imports (URRF) is 
a

function of the price of imported rice and wheat and the price of domestic rice and
wheat. 
The ratio of the cereal prices determines the fraction supplied by imports.

There is assumed to be no preference shown for either imported or domestic rice or
wheat. Thus equal prices imply an equal preference for each type of cereal. The

relationship which determines the fraction is given in figure A2.
 

FIGURE A2 

THE RELATIONSHIP BETWEEN THE
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BY IMPORTS AND THE RATIO OF IMPORTED AND DOMESTIC
 

RICE AND WHEAT PRICES
 

1.00 	 4 

.75
 

Fraction of Urban
 
Rice &Wheat D3imand 
Supplied by Imports
 

(Dimensionless) .50 

.25
 

0 0.5 1.0 1.5 2.0 

Domestic Rice&Wheat Price/Imported Rice&Wheat Price
 

(Dimensionless) 

A-3
 



Urban imports of rice and wheat may be no larger than the amount which can be
bought from foreign exchange received from groundnut exports. 
The maxi cereal
Ugorts is set equal to the amount of revenues from groundnut exports divided by
the imported cereal price. 
An exception to this rule is made during the drought.
Extra foreign exchange is assumed available from other exports, international debt,
drawing down oxchange reserves, etc. for emergency purposes. 
 if,
 
FXOSt 
 M emergency forelgr exchange reserves 
(CFAF)
 

then,
 

URCIMPt 
 = 
urban imports of rice and wheat (metric ton)
 

GOVGR t M groundnut revenues from exports (CFAF)
 

D111P a
t Imported rice and wheat price (CFAF per metric ton)

IMAXt M maximum 
 urban imports of rice and wheat (metric ton)
 

then,
 

URCIMPt = 
URIRDt , such that URCILp S MA.Xt
t 


MIAX GOVGR t /URIMP t .Mli t Mu o g uiltsock t o k f otr - n R Luforur nconsumption is increasedghum production sold for income in the by millet and sor­roundnut Basin and inand decreased the Senegal River Valleyby urban consumption of these cereals. 
 If, 

URDSKt ­ domestic cereal stocks for urban consumption (metric ton)
 
GCPISt W 
Groundnut Basin mille.. and sorghum production sold for income
(metric Con) 

SNCPISt M 
Senegal River Valley millet and sorghum production sold for income
(metric ton)
 

URDCON
t - Urban consumption of millet and sorghum (metric ton)
then, 

URDSK - URDSK + GCPIS + SHCPIS - URDCON t
 

Riceand wheat stocks for urban consumtIon is increased by cerealrice production 8old Imports,for income in the enegal tiver Valley, donorwheat, and decreased aid of rice and 
comercial by urban consumption ofsales, these cereals.and aid shipments of rice and wheat All commercial Importsshown in Table Al are assumeddestined for urban areas. If,
 

URISI t - rice and wheat stocks for urban constuption (metric ton)
 

SICPQ t = 
Senegal River Valley rice production sold for income (metric ton)

MiICowt = urban consumption of rice and wheat (metric ton) 
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TABLE Al 

CEREAL IMPORTS
 

and COMRCIAL CEREAL SALES IN SENEGAL 

Thousand Metric Tons 

COMMERCIAL IMPORTS FOOD AID OFFICIAL COMMERCIAL SiALES 

Wheat Wheat 
and Other and Other 

YEA- / Rice Cereals4/ Rice Cereals-/ Paddy Rice Millet 

1969 292.8 38.6 11.2 18.2 3d.0 10,472 

1970 219.0 0.2 12.6 9.6 692.0 346 

1971 299.5 28.9 0.0 2.8 599.0 2,866
 

1972 265.3 10.4 0.0 1.0 653.0 
 N.A.
 

1973 250.6 26.4 46.8 61.6 N.A. / N.A. 

1974 222.6 33.5 7.6 49.5 N.A. N.A. 

1975 217.6 5.0 6.2 0.0 N.A. N.A. 

1976 235.0 0.0 0.0 2.4 N.A. N.A. 

2/ Calendar year for imports and crop year for sales.
 
Millet, sorghum, and maize.
 

./ N.A. denotes not available
 

Sources: AID, Proposal for a PL 480 Title I - Program in Senegal, 1976, 
Annex I, p 52-533; Direction de la Statistique,Bulletin 
Statistigue et Economic Mensuel; ONCAD. 
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CUAIDt = 
donor aid of rice and wheat (metric ton)
 

then,
 

URISKt - URISKt_ + URCIMPt SICPQ t - URICONt + CUAID t 

Desired additions to millet and sorghum stock is assumed equal to one-half of
the difference between desired and actual stocks. 
Desired stocks is assumed to
equal one-quarter of urban consumption. If,
 

URDDSKt M desired urban millet and sorghum stock (metric ton) 

then, 

UPDDASt M (URDDSKt - URDSKt)/2 

URDDSK t - (URDEN t) (1-URIF t ) + URISHTt 

Desired additions to urban rice and wheat is determined similar to the urbandemand for millet and sorghum. If,
 

URDISKt " 
desired urban rice and wheat stock (metric ton)
 

then, 

URDIASt " (URDISKt - URISKt )/2
 

URDISKt a (.25) (URDEKt )(URIF t) + URDSHT )" 
Urban consumption of millet and sor.hum and rice andthe (1) wheat are determined bytotal urban cereal demand, (2) the fraction of urban cereal demand suppliedby rice and wheat, (3) shortfalls in cereal supply, and (4) the cereal stock multi­

pliers. If,
 

URDCSMt ­ urban millet and sorghum stock multiplier (dimensionless)
 

URICSMt ­ urban rice and wheat stock multiplier (dimensionless)
 

then,
 

URDCONt - (URDCSt) ((URDENt )(1-URIF t ) + URISHTt) 

URICONt - (URIcSM t) ((WRDt) (URIF t ) + URsHt).
 
The urban millet andsorghum (URDCSM) and(URICSM rice and wheat stock multiplier) are determined by the actual and desired stocks of each stock. The milletand sorghum multiplier is presented in Figure A3.
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RIGURE A3 

THE RELATIONSHIP BETWEEN THE
 
URBAN MILLET AND SORGHUM STOCK MULTIPLIER AND THE
 

RATIO iOF ACTUAL AND DESIRED CEREAL STOCKS
 

1.0
 

Urban Millet &
 
Sorghum Stock
 

Multipliter
 

(Dimensionless) 0.5 

0 0.5 1.0 1.5 2.0 

Actual Millet&Sorghum Stock/Desired Millet&Sor~hum Stock
 

(Dimensionless)
 

The fraction of domestic millet and sorghum production bought by the urban sec­
:or is equal to the quotient of total urban demand for these cereals divided by the
 
omestic production for sale, up to a maximum of one. 
The fraction of domestic rc.
 

and wheat production bought by the urban sector is equal to the quotient of total
 
urban demand for these cereals divided by the total production for sale, up to a
 
maximum of one. If,
 

URTMt - fraction of domestic millet and sorghum production bought by the 
urban sector (dimensionless) 

URTHRt - fraction of domestic rice and wheat production bought by the urban 
sector (dimensionless) 

TOTCPSt - domestic production of millet and sorghum for sale 

then,
 

URTMt " URDDPt/ (TOTCPSt ), such that URTMt S 1
 
TOTCPS t - GCPISt + SNCPIS t 

URTMR a URDRDt/SICPQP t such that URTMRta1
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Urban population is increased by the urban population growth rate. The urban
 

population is defined to be the ten largest cities: Dakar, Kaolak, Thies, Saint-


Louis, Ziguinchor, Rufisque, Diourbel, Louga, Mbour and Tambacounda. The combined
 

population of these cities were approximately 30 percent of the total Senegal popu- 1/
 
lation in 1973. The average urban growth rate was approximately 5 percent per year.-


The 1970 urban population was assumed to be 30 percent of the total 1970 Senegal
 
population, or 1,126,200 people. If,
 

URGt - urban population growth (people per year) 

URGR - urban population growth rate (dimensionless) 

then,
 
uRPs M URPOP t_1 + URGt 

URG - (URPOP )(URGR) 

URGR - .05. 

Urban cereal demand per capita is determined by the perceived average urban
 
cereal price and perceived urban income per capita. As the urban cereal price in­
creases (or decreases), the cereal demand per capita will decrease (or increase).
 
As urban income per capita increases (or decreases), the cereal demand per capita
 
will increase (or decrease). The magnitude of the effect will depend on the price
 
and income elasticities of demand. The price elasticity has been assumed to be -.2
 
and the income elasticity is assumed to be .2. Each elasticity may be changed as
 
data become available.
 

URPACP t W perceived average urban cereal price (CFAF per metric ton)
 

URPICt - perceived income per capita index (dimenslonless) 

URIELA - income elasticity of demand (dimensionless)
 

URPELA 

URCON 

then, 

URDPCt 

- price elasticity of demand 

M constant (CFAF per person) 

- (URCON)(URPACPt URPELA)(URP

dimensionless) 

IC URIELA) 

URPETLA - -.2 

URIELA - .2 

Urban cereal consumption per caplya from 1965 through 1968 was approximately .250 
metric tons per person per year.- 3 , This consumption seems to have declined with 
higher food prices in the 

1970s.--v
 

1/ Nelson, H., et.al., Area Handbook for Senegal, American University, 1974, p. 63. 
2/ Dione, J., Le Deficit Cerealier au Senegal, University Laval, Quebec, 1975, p. 48. 
3 AID, Proposal for a PL 480 Title T Program in Senegal, Dakar, 1976, Annex I, p. 10. 
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Perceived average urban cereal price and the perceived income per capita index
 
are exponentially weighted moving averages of past values of average urban cereal
 
prices and of the income per capita index.
 

Average urban cereal price is equal to the average of domestic cereal and im­
ported cereal prices, weighted by the amounts of each type of cereal consumed in
 
the cities. If,
 

URACP t = average urban cereal price (CFAF per metric ton)
 

URARP t = urban rice and wheat price (CFAF per metric ton)
 

IRDCPt = urban domestic millet and sotghum price (CFAF per metric ton)
 

then,
 

TJIACPt M (URDCPt)(TOTCPSt) + (URARPt)(URCIMPt + SICPQt)))/
 

(TOTCPSt + URCIMPt + SICPQt)
 

The urban rice and wheat price is a weighted average of imported and domestic
 
prices. The urban domestic millet and sorghum price is a weighted average of Ground­
nut Basin and Senegal River Valley cereal. The imported rice and wheat price is
 
exogenous in the model. Prior to November, 1974, urban consumer prices,for imported
 
rice were 50-60 CFAF per kilogram. On-this date, the price f r rice'was raised to
 

I
100 CFAF per kilogram and lowered to 80 CFAF in April, 1976.- The urban domestic
 
cereal price is determined by the Pverage cereal price paid to farmers and the
 
government percentage price mark-up to consumer7. These prices are given in table
 
A2. This mark-up is assumed to be 25 percent.- The price of domestic rice is
 
increased by 51 percent due to the 66 percent loss of weigh- by milling. This pre­
liminary model ignores the prices paid and received by private traders which vary
 
from the government prices. If,
 

GOVDM - government price mark-up for domestic cereals (dimensionless) 

URI1PCt urban price of imported cereals (CFAF per metric ton)
 

SICPFt t W Senegal River Valley price of rice to farmers (CFAF pev metric ton)
 

GCPFt = Groundnut Basin price of millet and sorghum to farmers (CFAF per
metric ton)
 

SNCPF t = Senegal River Valley price for millet and sorghum to farmers
 
(CFAF per metric ton)
 

then
 

URARPt M (URIMPCt)(URCIMPt) + (SICPFt)(GOVDM/.66)(SICPQt /
 

(URCIMPt + SICPQt)
 

URDCPt (GCPFt)(GCPISt) + (SNCPFt) (SNCPISt) (GOvDM) /(GCPISt + SNCPIS )
 

GOVDM - 1.25 

l/ ibid, pp. 8, 33.
 
2/ Comments on an expert on agriculture in Senegal (1.27).
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TABLE A2
 

Cereal and Groundnut Prices to Farmers
 

CUAF Per Kilogram
 

Millet
 

YEAR 
Fleuve 
Region 

Other 
Regions Rice 

1/ 
Groundnut­

1969 18 17 21 17.95 
1970 18 17 21 18.40 
1971 18 17 21 21.17 
1972 18 17 21 23.28 
1973 18 18 21 22.87 
1974 23 23 35 29.76 
1975 32 32 41.50 41 50 

1/ 	Average price to cooperatives.

Source: Societe Africaine, Le Senegal en Chiffres, 1976, pp. 100-101, 115.
 

The urban income per capita index (URPEC) is exogenous in the model and is assumed
 
equal to the index of minimum hourly wage rates for industrial workers. -The index
 
increases at approxmately 2.8 percent per year from 1970 to 1974 and 60 percent
 
from 1974 to 1975.1:'
 

The relationships in this sector are presented in figure A4. 
This graphical

technique is explained in Annex D.
 

I/ PL 480, op. ct., p. 44.
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FIGURE A4 

CAUSAL RELATIONSHIPS IN THE URBAN SECTOR 
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GROUNDNUT BASIN SECTOR 

Groundnut Basin (GB) cereal production for income is determined bylereal landplanted, income cereal yiald, and the percentage seed use and wastage. 
- The ftion for seed use and wastage is assumed to be the sum of 10 percent for lossesY

and 10 percent for seed use. 
If, 

GCLIt = 
Groundnut Basin (GB) cereal land planted for income (hectares)
 

GCPIt - GB cereal production for income (metric ton) 

GCYt - GB income cereal yield (metric tons per hectare)
 

GSLR a GB fraction for seed use and wastage (dimensionless) 

then,
 

GCPIt M (GCLI t ) (GCY t ) (l-GSLR) 

GSLR - .20 

Cereal land planted for income is equal to the product of land planted for in­timesco
is 

me 
equal to 

the fraction of income land planted to cereals. Groundaut 
the remainder of the GB income land planted. If, 

land planted 

GGLIt M GB groundnut land planted (hectares) 

GLPI t M GB land planted for income (hectares) 

GCFPt = fraction of GB income land planted to cereals (dimensionless) 

then, 

GCLIt M (GLPI ) (,GCFP ) 

GGLIi = (GLPI ) (1-GCFP ) 
Table A3 gives production data for cereals and groundnuts in the Groundnut Basin. 

The fraction of income land planted to cereals (GCFP ) is determined by a com­parison of perceived cereal and groundnut revenues per hectare. This relationship
is presented in figure A5. 

-1/The-Groundnut Basin is assumed to comprise the Regions of Thies, Diourbel and

Sine-Saloum. 

2/ Dione, op. cit, p. 19. 
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TABLE A3
 

MILLET AND GROUNDNUT PRODUCTION
 

IN THE GROUNDNUT BASIN-1 ' 

MILLET 
 GROUNDNUTS
 
Area Yield Production 
 Area Yield Production
Thousand 
 Metric Tons Thousand 
 Thousand Metric Tons 
 Thousand
YEAR Hectares Per Hectare Metric Tons 
 YEAR Hectares Per Hectare Metric Tons
 

1969/1970 
 638 .543 379 
 1969/1970 777 
 .856 665
 
1970/1971 616 
 .385 241 
 1970/1971 
 761 .585 450
 
1971/1972 
 681 .570 388 
 1971/1972 
 876 .940 823
 
1972/1973 573 
 .361 207 1972/1973 623 .688 428

1973/1974 988 
 .430 425 1973/1974 862 .610 526
 
1974/1975 904 
 .670 606 1974/1975 995 .912 808
 

1./The Groundnut Basin is assumed to comprise the Regions of Thies, Diourbel and Sine-Saloum.
 
Source: Societe Africaine, Le Senegal en Chiffres, 1976, pp. 101-102, 113-114.
 



FIGURE A5 

THE RELATIONSHIP BETWEEN THE
FRACTION OF INCOME LAND PLANTED TO CEREALS AND THERAT=! OF PERCEIVED CEREAL AND GROUNDnUT REVENUES PER HECTARE 

I.0
 

Fraction of Income 
Land Planted to Cereals 

(Dimensionless) 
0.5 

Lf 
0 0.5 1.0 1.5 2.0 

Perceived Cereal Revenues per Hectare
 
Perceived Groundnut Revenues per Hectare 
 (Dimensionless)
 

Perceived cereal and groundnut revenues per hectare are exponentially weighted
averages of past values of actual cereal and groundnut revenues per hectares. This
includes the assumption that actual revenues per hectare do not immediately change
farmer's production decisions.
 

Cereal revenue and groundnut revenue per hectare are equal to the product of(1) prices received by farmer times (2) the crop yield. Cereal and groundnutprices to farmers are exogenous in the model and presented in Table A2. 
 Cereal
revenues also depend upon the fraction of production bought by the urban sector.
 
If, 

GCRHt - GB cereal revenue per hectare (CFAF per hectare)
 

GGRHt = GB groundnut revenue per hectare (CFAF per hectare)GCPF t = GB cereal price to farmer (CFAF per metric ton) 

GcPFt - GB groundnut price to farmer (CFAF per metric ton) 

then,
 

GCRKt - (GCPFt) (GCY) (URTM)
 

GGRHt - (GGPF ) (CGY)
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Groundnut production is determined by (1) groundnut land planted, (2) ground­nut yield, (3)seed use and wastage, and (4)on-farm consumptiY7. On-farm con­
umption varies and was approximately five percent in 1973/74.-

GGPIt = GB groundnut production (metric ton) 

GGYt - GB groundnut yield (metric ton per hectare) 

GCC - GB groundnut on-farm consumption (dimensionless) 

then, 

GGPIt W (GGLIt) (GGYt) (I-GSLR) (l-GCC) 

GCC - .05. 

Land planted for income is determined by the land available after subsistence crop land has been deducted, and the available labor. 
 The total land in the Ground­
nut Basin (i.e., the Thies, Diourbel, and Sine-Saloun Regions) is 4,409,000 hec­tares and total cropped area is approximately 1,800,000 hectares.Z 
 It is qsumed
based on the national average, that 30 percent of the total land is arable.k/ This

would leave about six percent of the land fallow. If,
 

GTAL - GB total arable land (hectare)
 

GCLSt - GB cereal land planted for subsistence (hectare)
 

GMPLPt - GB maximum labor available (hectare)
 

then,
 

GLPI t = GTATJ - GCLSt, such that GLPIt 5 GMPLPt 
- GCLSt 

GTAL - 1,922,700. 

The maximum labor available is determined by the population active in agri­
culture and maximum land planted per active person. The percent of the population

active is assumed to be 40 percent.-/ If, 

GPOPt = GB rural population (people) 

PACT ­ fraction of population active (dimensionless)
 

GMLPPt - GB maximum land planted per person (hectare per person)
 

then, 

GMPLP t W (GPOPt) (PACT) (GMLPP ) 

GMLPP U 2.4 

PACT U 0.4. 

1/ Societe Africaine, Le Senegal en Chffres, 1976, p. 111.
 
2/ Official statistics (2).

3/ Nelson, op cit., p. 266.
 
4/ AID, Development Assistance Program, FY 1975, March 1975, pp. A-22, A-3.
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The maximum land planted per person (GMLPP) is determined by the amount of capital
 
e.g. plows, seeders, oxen, etc. utilized per person. Presently the land planted 
per person is approximately 2.4 hectares per person.-/ The relationship between 
land planted per person and capital stock per person is shown in figure A6. This 
relationship includes the assumption that, excluding .theuse of tractors or other 
energy intensive equipment, that farmers presently have approximately 
25 percent of their maximum requirements for capital equipment. Further, it is 
assumed that the maximum land planted per person can be iucreased by only 50 per­
cent. Both of these assumptions can be easily changed as data become available. 

FIGURE A6
 

THE RELATIONSHIP BETWEEN THE
 
MAXIMUM LAND PLANTED PER PERSON AND THE
 

CAPITAL STOCK PER PERSON 

4
 

Maximum Land Planted
 
Per Person
 

(Hectares pcr 2
 
Person)
 

0 3333 6666 10000 
Capital Stock per Person
 

(CFAF per Person) 

The agricultural capital stock is increased by investment and decreased by 
depreciation. Agricultural capital investment is assumed to equal 60 percent of
 
total agricultural investment, based on the data in )able A4. Depreciation is
 
based on an average lifetime of capital of 10 years.-' The amount of capital in
 
1970 is estimated to be CYAF 2,200 million, based on table A4. If,
 

1/ Official Statistics (2.4.1)

2/ hID, Senegal Cereals Project, Project Proposal, p. 104
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TABkbr A4 

VOLUME AND VALUE OF AGRICULTURAL INPUTS IN SENEGAL 

Volume 

1960 - 1970 

Value 
(Million CFAF) 

Percent of 
Total Value 
(Percent) Volume 

1973 

Value 
(Million CFAF) 

Percent of 
Total Value 
(Percent) 

Unit Value-

Fertilizer 
(Metric Tons)

Fungicide 
(Metric Tons) 

Equipment 
(Units)
Seeders 
Hoes 
Liftels 
Plows 
Carts 
Oxen Pair 

311,613 

646 

125,112 
146,612 
19,409 
13,851 
39,899 
7,474 

3,739 

248 

1,555 
1,129 

82 
346 

1,085 
219 

44 

3 

19 
13 
1 
4 

13 
3 

37,035 

100 

11,146 
19,491 
3,004 
5,982 
8,363 
3,243 

444 

0 

139 
150 
13 
-50 
227 
95 

36 

0 

11 
12 
1 

12 
19 
8 

CFAFI2,000/Metric Ton 

CFAF384,000/Metric Ton 

CFAF12,430/Unit 
CFAF7,700/Unit 
CFAF4,200/Unit 
CFAF25,000/Unit 
CFA27,200/Unit 
CFAF29,300/Unit 

Total Value -
Fertilizer 
and 
Fungicide 3,987 47 444 36 

Total Value -
Equipment 4,416 53 774 64 

Total Value - 8,403 100 1,218 100 

1/ 1974 unit value. 
Source: ONCAD; AID, Senegal Cereals Project, Project Propasal, p. 103. 



GCAPSKt - GB agricultural capital stock (CFAF) 

GCAPIt M GB agricultural capital investment (CFAF)
 

GAVREVt - GH total agricultural investment (CFAF) 

GCRIF - GB fraction of total investment allocated to current inputs
 
(dimensionless)
 

GCAPDt - GB agricultural capital depreciation (CFAF) 

GLTC - GB average lifetime of capital (years) 

then, 

GCAPSKt - GCAPSKt_ + GCAPIt - GCAP)t 

GCAPI t (GAVREV t ) (1-GCRIF) 

GCAPDt GCAPSK / GLTC 

GLTC - 10 

GCRIF M .40 

The agricultural capital stock per person is the quotient of the agricultural
capital stock divided by the total population. If, 

GCAPHt - GB agricultural capital stock per person (CFAF) 

then, 

GCAPHt - GCAPSKt / tGPOPtt t 

Total agricultural invectment is equal to an exponentially weighted average ofpast values of the indicated total agricultural investment. This includes the de­lays in ordering and receiving new quantities of agricultural inputs. 
The indicated
total aricultural investment is equal to 35 percent of farmer's receipts fromgroundnut and cereal sales. 
This fraction is based on the fraction of the current
value of crop output allocated to inputs. 
The range is from 47 percent for 80,000
farms in the NorT Groundnut Basin to 23 percent for 20,000 farms in the South 
Groundnut Basin, If, 

GAVRVIt - GB indicated total agricultural investment (CFAF) 

GRAF - GB fraction of farmer's revenues available for investment
t (dimensionless) 

GCRt = GB farmer's revenues from cereal sales (CFAF)
GOR t M GB farmer's revenues from groundnut sales (CFAF) 

SOfficial Statistics (2.4.1-5). 
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Then, GAVRVI t - (GRAFt) (GCRt + GGR ) 

GCR t M (GCPFt) (GCPIS ) 

GGRt - (GGPFt) (GGPI ) 

GRAF - .35. 
t
 

Groundnut Basin population is increased by population growth. The rural popu­
lation growth rate from 1970 for GB is assumed tole approximately 1.5 percent per 
year with a 1971 population of 1,745,401 people. - If, 

GG t - GB rural population growth (people per year) 

GPGR - GB rural population growth rate (dimensionless) 

then,
 

GPOPt - GPOPt_1 + GGt 

GGt - (GPOPt_) (GPGR) 

GPGR - .015. 

The cereal land planted for subsistence is determined by the desired cereal
 
production for subsistence, the available labor, the expected cereal yield, the
 
fraction of seed use and wastage, and available seed. The available seed is as­
sumed equal to available stocks at a seeding rate of approximately 10 percent of
 
desired production. If,
 

GDCPSt - GB desired cereal production for subsistence (metric ton) 

GECY t - GB expected cereal yield (metric tons per hectare) 

GCSKt - GB farmers cereal stocks (metric ton) 

then,
 

GCLSt - (GDCPSt) (GECYt) (l-SLR) such that 

GCLSt- GMPLPt
 

and GCLStS (GCSKt) (10)/GECY t
 

Desired cereal production for subsistence is equal to the sum of desired sub­
sistence cereal consumption plus desired additions to stock. If,
 

GDSSCt - GB desired subsistence cereal consumption (metric ton) 

GDASKt - GB desired addition to ereal stocks (metric ton) 

then, 

GDCPSt - GDSSC t + GDASK t 

l/ Societe Africaine, op. cit., pp. 22-23.
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Desired subsistence cereal consumption is equal to the product of population
 
times desired cereal consumption per capita. Cereal consumption per capita for
 
rice, ailet/sorghum, wheat, and maize varied between 158 to 240 kilograms per
 
person per year from 1972 to 1976.1 In this model it is assumed to be 175 kilo­

grams. If,
 

GDPC W GB desired cereal consumption per capita (metric ton per person)
 

then,
 

GDSSCt - (GPOPt) (GDPC) 

Desired additions to cereal stock are equal to 10 percent of the differeince 
between farmers' desired and actual cereal stocks. Desired cereal stocks are as­
sumed to equal one-half year's cerwal consumption. If, 

GDCSKt - GB desired cereal stock (metric ton) 

then,
 

GDASK t - (GDCSKt - GCSKt)/10 

GDCSK t - (.50) (GDSSC). 

Cereal stocks are (1) increased by cereal production for subsistence, unsold 
cereal production for income, and donor aid shipments, and (2) decreased by cereal 
consumption. Cereal consumption is equal to the product of population and cereal 
consumption per capita. If,
 

GCPS U GB cereal production for subsistence (metric to,)
t 

GCPINt - GB unsold cereal production for income (metric ton) 

GASSC t = GB cereal consumption (metric ton) 

GCAID t - GB donor cereal aid (metric ton) 

GPC t M GB cereal consumption per capita (metric ton per person)
 

then,
 

GCSKt - GCSKt_ 1 + (GCPS t - GASSC t + GCPINt + GCAID )
 

GASSC t - (GPCt) (GPOP ).
 

Desired cereal consumption per capita is an exponentially weighted average of
 
past values of cereal consumption per capita. This assumes that desired consumption 
is based on recent consumption trends. 

Cereal consmption per capita depends on invantory coverage and on desired 
cereal consumption per capita. Actual consumption will increase above (decrease
 

P1/L 480, op. cit., Appendix I, p. 16. 
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below) desired consumption as the inventory coverage increases above (decreases

below) one. Inventory coverage is equal to the quotient of cereal stocks divided
 
by desired cereal stocks. If,
 

GCOVt - GB inventory coverage (year) 

then, 
GCOVt - GCSKt / GDCSKt 

Cereal production for subsistence is determined by land planted, the cereal
 
yield, and the fraction for seed use and wastage. If,
 

GCYt - GB cereal yield (metric ton per hectare) 
then,
 

GCPS t - (GCLS t ) (GCY t ) (I-GSLM). 

The fraction of land fallow is an exponentially weighted average of past values
 
of the indicated fraction of land fallow. This includes the assumption that the
 
farmer only slowly changes his decision to set a certain amount of his land fallow.
 
The indicated fraction of land fallow is the residual fraction of land after cereal
 
land for subsistence and desired land planted for income have been subtracted from
 
total arable land. If,
 

GPLFIt - GB indicated fraction of land fallow (dimensionless) 

then,
 

GPLFIt - (GTAL - GCLSt - GLPIt)/GTAL. 

Sold cereal production for income is equal to cereal production for income less
 
any shortfall between desired and actual cereal production for subsistence. Sold
 
production is also effected by the amount demanded by the urban sector. 
Unsold
 
cereal production for income is equal to production for income not sold. Thus,
 

GCPISt - (GCPIt - (GDCPSt - GCPSt) (URTt) 

GCPINt - GCPI - GCPISt .
 

Aid shipments are equal to the share of total Senegal aid shipments of millet,

sorghum, and maize to the GB. Total aid shipments are exogenous in the model and
 
presented in Table Al. The GB share of this grain aid is assumed to be 85 percent,
 
to indicate the high priority the GB, especially the northern area, was assigned
 
for relief.1
 

The groundnut and cereal yield are determined by the natural soil fertility,
 
the rainfall, and agricultural investment per hectare on each type of land planted.

An initial groundnut yield for 1970 is set at .900 metric ton per hectare and an
 
initial cereal yield at .625 metric ton per hectare based on-the data in table A3. If
 

GGYN - GB 1970 groundnut yield (metric ton per hectare) 

1/ Nelson, op. cit., p. 270.
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GGIYMt M GB groundnut yield multiplier due to agricultural investment(dimensionless)
 

GCIYMt = 
GB cereal yield multiplier due to agricultural in 
istment
(dimensionless)
 

GWMt M 
GB rainfall multiplier (dimensionless)
 

GAVNFMt - GB natural soil fertility multiplier (dimensionless)
 

GGFMI t W GB multiplier for groundnut inorganic fertilizer use (dimensionless) 

GCF( t M GB multiplier for cereal inorganic fertilizer use (dimensionleos) 

then,
 

GGYt ­ (GGYN)(GWt)C(GGIt)((GAVIMt ) + (1-GGFMt4)) 

GCY
t 
 (GCYN)(GW t)(GCI'Mt )((GAVNFM t)(GCFMKt) + 1GFKd 
Groundnut yields have shown a decline from 1960 to 1974, while millet and sor­ghum yields have maintained an average level. 
Fertilizer applied per hectare of
groundnut rose from 1961 to 65, dropped dramatically in 1967, has maintained anaverage level since, Fertilizer applied per hectare of millet has generally risensince 1960. This data is su marized in figure A7. Experts feel that groundnutyield may be declining due to soil depletion or misapplication of current inputs.
At least, under current conditions, these yields may have reached their ceiling.-/
 

The natural soil fertility multiplier is set equal to the current natural soilfertility divided by an estimate of the 1970 natural soil fertility. The naturalsoil fertility is increased by inorganic fertilizer applications and natural mineraladditions from fallow and decreased by crop production. The 1970 natural soil fer­tility estimate is based on estinatos of (1) the total amount of arable land, (2)the amount of phosphorous, potassium, 
crops, and (3) the number of crops 

and calcium per hectare removed by groundnut

that could be supported by the present soil
without additional fertilization. The "ount of the above fertilizer removedgroundnuts is 73 kilograms per hectare.. 

by
Nitrogen is not included since ground­nuts fix3heir own nitrogev cind free nitrogen leaches from the soil relativelyquickly-2) 
The number of crops is estimated at 10 years, based on a comon Sahelianpractice 0 
cropping land 5 years without fertilizer and laying it fallow for around
 

17 years., If,
 

GAVNFt = GB natural soil fertility (kilograms of minerals)
 

GARNA t - GB inorganic fertilizer application not removed by crops
(kilograms) 

GNLNA - GB natural mineral additions from fallow (kilograms) 

GNRt GB mineral removal by crops (kilograms)
 

1/ Coments of an expert on agriculture in Senegal (3.3.2)
2/ Senstal Cereals, op. cit., p. 35. 
3/ Senegal Cereals, op. cit., p. 36. 
W/ Conversation with AID Officer, David Weisenborne, June 22, 1976. 
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FIGURE A7 
Crcp Yields and Fertilizer Application in Sine Saloun
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GGNL 

then, 

W GB annua. mineral withdrawal by groundnut crop (kilograms per
hectare) 

GAVNFMt GAVNFt/((GTAL)(GGNL)(0) 

GAVNFt = GAVNFt_ + GARNAt + GNLNAt - GNRt 

GGNL = 73. 

Inorianit fertilizer application not removed by crops is determined by farmer's
investment on current inputs, the percent of that investment spent on fertilizer,
the percent assum-d removed by crops, and the price of fertilizer. It is assumed
that approximately 95 percent of the value of current input is composed of fertilizer,as shown i9 table A4. The price of fertilizer to the farmer is set at CFAF 12 per
kilogram. 
2/There is-assumed to be a 71 percent government subsidy on imported

fertilizer.-
 It is also assumed that 95 percent of the fertilizer applied is
removed by the crops for which they were intended. The amount of fertilizer bought
can be no larger than the amount of foreign exchange received from groundnut exports
less exchange expended on cereal imports. If,
 

GFRCF t W GB fertilizer price to farmers (CFAF per kilogram) 

GFRCIt W GB fertilizer import price (CFAF per kilogram)
 

GOVFS W government fertilizer subsidy (percent)
 

GOVGRS t M government foreign exchange surplus (CFAF)
 

GFPCU = 
GB fertilizer percent of current investment (dimensionless) 

GPFNR - GB percent of fertilizer not removed (percent) 

GFERTIt - GB fertilizer application indicated (CFAF)
 

GFERTt = GB fertilizer applied (CFAF)
 

then,
 

GARNA t 0 (GFERT t ) (GFPCU) (GPFNR)/(GFRCF )
 

GFERT t M GFERTI t such that GFERTIt/GFRCFt GOVGRS t/GFRCIt
 

GFPCU = .95
 

GPFNR a .05 

Natural mineral addition from fallow is determined by the amount of arable land
and the percent of that land fallow. It is assumed that, based on a traditionalfallow cycle of 15 years fallow to 5 years cropped, one-fifteenth of the mineralwithdrawal by groundnuts for five years is added annually by one acre of fallow._/
Thus, 

GIL At = (GTAL) (GPLP)(1/15) (5) (GGNL).
 

Minerals removed crops depends
by on the types of crops, the land planted to 
each crop, the amount of fertilizer used, and the amount of minerals in the soil. 

1/ nUl Cereals, op. cit., p. 103. 
T/ a ,op. cit., p. 45.3/ Weisenborne, op. cit. A-24 



It is assumed that 73 and 50 kilograms per hectare of phosphorous, potassium, and
calcium are removed by groundnut and millet crops respectively. The assumption

is made that for fertilizer applications above these amounts, no
 are removed from the soil. 
If fertilizer application is below this amount, then
 crops remove the necessary residual from minerals in the soil. 
The assumption
is also made that as the amount of minerals in the soil approaches zero, the
amount of minerals removed approaches zero in a linear fashion. 
If,
 

GCNL 
 6 GB annual mineral withdrawal by cereal crop (kilogram per 
hectare)
 

then,
 

GNRt - (GAVNFMt)((GGFMt)(GGnJ)(GGLIi) + (GCFMMt)(GCNL)(GCCIt + GCLSt))) 

GCNL - 50. 

The multipliers for groundnut and for millet inorganic fertilizer use are de­termined by the fertilizer applied per crop and the amount of minerals removed per
crop. The value of fertilizer for millet is reduced by the value of 100 kilograms
per hectare of urea for required nitrogen addition.I/ Thus,
 

GGFM t I-(GGFIH / GGNL) such that GGFMMt >_ 0 

GCFMMt " I-((GCFIH - (100) (CFRCFt))/GCNL such that GCFMMH 0. 

1/-Senegal Cereals, op. cit., p. 38.
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The groundnut and cereal yield multiplier due to agricultural investment are
 
determined by fertilizer and capital investment for each crop. If,
 

GGIYMRt W GB groundnut yield multiplier from fertilizer investment

(dimensionless)
 

GCIYMRt M GB cereal yield multiplier from fertilizer investment

(dimensionless)
 

GGIYMPt - GB groundnut yield multiplier from capital investment
(dimensionless)
 

GCIYMP t a GB cereal yield multiplier from capital investment

(densionless)
 

then,
 

GGIYM t = (GIYMP t) (GUYM t ) 

GCIYMt M (GCIYMP t ) (GCIYR t). 

The groundnut and cereal yield multiplier from fertilizer investment (GGIYMR 
and CCIYMW depend on the fertilizer investment per hectare for each crop. This 
relationship is shown in figure A8. Fertilizer investment on groundnut hectare 
avd cereal hectare depend on the amount of fertilizer applied to each crop. If, 

GOFIHt - GB fertilizer investment per groundnut hectare (kilogram per
hectare) 

GCFIHt - GB fertilizer investment per cereal hectare (kilogram perhectare)
 

then,
 

GGFIHt M ((GFERT t) (GFPCU) (GRt/GAVMt )/(GFRF t) (GGLI )) 

GGFIHt - ((GFERT t ) (GFPCU) (GCR t/GAVREV t))/((GFRCF t) (GCLS t + GCLI )). 

The groundnut and cereal yield mtutiplier from capital investment (GGIYMP and 
GCIYMP) depend on the capital investment per hectare. This relationship is presented
 
in figure A9. If,
 

GCAPHHt - GB capital stock per hectare (CFAF per hectare)
 

then,
 

GCAPHHt - GCAPSKt /(GGLI t + GCLI t + GCLS ). 
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FIGURE A8
 

THE RELATIONSHIP BETWEEN THE CROP
YIELD MULTIPLIERS FROM FERTILIZER INVESTMENT AND THE 

FERTILIZER INVESTMENT PER HECTARE
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Source: AID, Senegal Cereals.Project, Project Proposal.
 

FIGURE A9 

THE RELATIONSHIP BETWEEN THE CROP

YIELD MULTIPLIERS FROM CAPITAL INVESTMENT AND THE 

CAPITAL INVESTMENT PER HECTARE 
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Source: AID, Senegal Cereals Project, Project Proposal.
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The rainfall multiplier (GWM) is equal to the index of rainfall in the GB.index is given in table AS. After 1973, the index is assumed to be normally

distributed with mean 1, and .05 standard deviation.
 

TABLE A5
 

Rainfall in Groundnut Basin-1/
 

Amount
 
Year Millimeters Index
 

(1969-1)

1969 823.9 1
 
1970 528.5 .64
 
1971 754 
 .92
 
1972 448.1 .54
 
1973 387 
 .47
 

1/	Average for the Regions of Diourbel and Sine-Saloun.
 
Source: Societe Africaine, Le Senegal en Chiffres, 1976, p. 113.
 

SENEGAL RIVER VALLEY SECTOR 

Senegal River Valley (SR) irrigated cereal production for income is determined
 
by the.irrigated land planted for income per crop, the irrigated crop yield, the
 
cropping intensity, and the fraction for seed use and wastage. 
Non-irrigated cereal

production for income is determined by the non-irrigated land planted for income,
 
crop yield, and seed usq and wastage. Table A6 gives cereal production data in the
 
Senegal River Valley. -V If,
 

SICPIt - Senegal River Valley (SR) irrigated cereal production for income
t (metric ton)
 

SNCPIt = SR non-irrigated cereal production for income (metric ton) 

SILIt W SR irrigated cereal land for income per crop (hectare)
 

SICYt = SR irrigated cereal yield (metric ton per hectare) 

SICI t M SR irrigated cereal cropping intensity (crops per year) 

SNIIt M SR non-irrigated cereal land for incot.- (hectares) 

SNCYt M SR non-irrigated cereal yield (metric ton per hectare)
 

SSLR - SR fraction for seed use and wastage (dimensionless)
 

then,
 

SICPIt = (SILIt) (SICYt) (SICIt) (l-SSLR)
 

SNCPI t - (SNLI t ) (SNCYt ) (1-SSLR) 

SSLR W 0.2
 

I/ 	 PL 480, op. ct., p. 44 
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FIGURE AO
 

CAUSAL RELATIONSHIPS IN THE GROUNDNUT BASIN SECTOR 
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TABLE A6
 

/ 2/
Cereal Production Data in the Senegal River Valle 


Area Yield Production 
Crop Thousand Metric Ton Thousand 
Year Hectare per Hectare Metric Ton 

1969 120.5 .446 53.7 
1970 128.4 .787 101.1 
1971 111.1 .489 54.3 
1972 
1973 

141.6 
60.9 

.589 

.126 
83.5 
7.7 

1974 N.A..!/ N.A. 37 / 

-1915 N.A.N.A. 70.42-4/
1/ The Senegal River Valley is assumed to comprise the Fleuve Region.

2/ Paddy rice, millet, sorghum and maizc.
 
3/ N.A. denotes not available.
 
4/ Data excludes maize production.
 
Source: Official statistics (2); Societe Africaine, Le Senegal en Chiffres, Dakar,
 

1976. 
pp. 100-101.
 

Irrigated cereal land for income per crop is determined by the land available
 
after subsistence crop land has been deducted, and byv 
the available labor. If, 

SILAt - SR irrigated land available (hectare) 

SICLSt - SR irrigated cereal land for subsistence per crop (hectare) 

SIMPLPt - SR maximum irrigated labor available (hectare) 

then,
 
SILlt = SILAt 
- SICLSt such that SILIt SIMPLPt - SICLSt
 

Irrigated land available is determined by investiment in irrigation facilities.
 
There are approximately 9085 hectares of irrigated cereals presently planted.

Irrigation development costs from 1964 to 1973 were approximately $1728 pe- hectare.
 
This is 432 CFAF per hectare at CFAF 250 per U.S. dollar. It is assumed that new

irrigation hectares will be added at a rate of CFAF 250 million per year from 1967

until 1990. Depreciation of irrigation equipment is assumed over an average life­
time of 30 years.1/ If,
 

SIC t - SR total investment in irrigation facilities (CFAF)
 

SICG t W SR investment rate in irrigation facilities (CFAF)
 

SICDRt W SR depreciation rate of irrigation facilities (CFAF)
 

SLIC t " SR average irrigation investment per hectare (CFAF per hectare)
 

then,
 

SICt - SIct_1 + (SIC t - SICDR ) 

1/ Official Statistics (1.32). 
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SICDRt = SIC / 30 

SILAt = SIC / SLIC 

SICG t = 250,000,000
 

SLIC t M 432,000.
 

Irrigated cereal land for subsistence per crop is determined by the desired
irrigated cereal production for subsistence, the available labor, the irrigated
cereal yield, the cropping intensity, the fraction of seed use and wastage, and
available seed. 
 The available seed is assumed equal to available stocks at a

seeding rate of approximately 10 percent of desired production. 
If,
 

SIDCPSt - SR desired irrigated cereal production for subsistence (metric
ton)
 

SICSKt - SR irrigated cereal stock (metric ton) 

then
 

SICLSt M SIDCPS t / ((SICY t ) (SICI t ) (I-SSLR)) such that 

SICLSt SIMFLP t , and
 
SICLS at((SICSK t) (O)SICYt
 

Maximum irrigated and non-irrigated labor available are determined by the
population active in irrigated and non-irrigated agriculture and the maximum ir­rigated and non-irrigated land planted per active person. 
The maximum land planted

per person for irrigated land is assumed to be .66 and for non-irrigated to be
1.6.-I &)
 

SNMPLPt = SR maximum non-irrigated labor available (hectare) 

SIPOPt M SR irrigated agriculture population (people) 

SNPOP t - SR non-irrigated agriculture population (people)

SILP t SR maximum irrigated land planted per person (hectare per person)
 

SNLP - SR maximum non-irrigated land planted per person (hectare per 

person)
 

then,
 

SIMPLP t - (SIPOP t ) (PACT) (SILP) 

SNMPLPt a (SNPOPt) (PACT) (SNLP) 

1/ AID, Matam Project, Project Proposal, pp. 53-54; Official Statistics (2.4.6-7).
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SILP - .66 

SNLP - 1.6. 

The irrigated and non-irrigated agriculture population is determined by the
total population and the fraction of labor allocated to irrigated production.

The Senegal River Valley population (i.e. the Fleuve Region) is increased by popu­lation growth. The rural population growth rate from 1970 for SR is assumed o be
approximately 1.6 percent per year with a 1971 population of 307,887 people.1/

If,
 

SPOPt = SR rural population (people)
 

SPIFt - SR fraction of labor allocating to irrigated production(dimensionless)
 

"SGt M SR rural population growth (people per year)
 

SGR a 
SR rural population growth rate (dimensionless)
 
then,
 

'IPOP t - (SPOPt) (SPIFt)
 

SNPOPt - (SPOPt) (I-SPIFt) 

SPOPt = SPOPt_ + SG 

SGt - (SPOP t l ) (SGR) 

SGR M .016. 

The fraction of labor allocated to irrigated production (SPIF) is determined
by an exponentially weighted average of the indicated fraction of labor allocated
 
to irrigated production. This reflects the slowness of farmers to change from

their traditional practices. 
The indicated fraction of labor allocated to irri­gated production (SIF) is determined by the ratio of net revenue per irrigated

population per cropping intensity to net revenue per Groundnut Basin population.

The relationship assumes that the majority of farmers will choose not to farm ir­rigated land due to the 
 tra work involved with more than one crop unless they arefinancially compensated._ In the current model it is assumed, for example, thatdouble cropping will require twice the compensation needed for a single crop.
Irrigated crop hectare is also constrained by irrigated land availability. The
 
relationship is shown in figure All.
 

i/ Societe Africaine, op. cit., pp. 22-23. 
Mat"i op. cit., p. 19, 59. 
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FIGURE All 

THE RELATIONSHIP BETWEEN THE 
INDICATED FRACTION OF LABOR ALLOCATED TO IRRIGATED PRODUCTION AND THE 

RATIO OF NET REVENUE PER IRRIGATED POPULATION PER CROPPING INTENSITY AND THE 
NET REVENUE PER GROUNDNUT BASIN POPULATION 
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Net revenue per irrigated population and per non-irrigated population is de­
termined by the amount of crop yield, the cereal price to farmers, the cost per
 
hectare, associated population. It is assumed that irrigated cereals will be pri­
marily rice and that non-irrigated cereals will be primarily millet. Prices for
 
these cereals are exogeously determined in the model and are given in Table A2.
 
Irrigated cereal costs per hectare are assumed to be CFAF 26,000 per hectare.
 
Irrigatei costs are assumed to be composed of production costq (e.g. fertilizer,
 
pesticides, etc.) and maintenance and operation costs for the irv0gati7 facilities.
 
In 1974, production costs were approximately 57 percent of such costs., Non­
irrigated cereal costs are assumed to be zero. If,
 

SIRPt - SR net revenue per irrigated population (CFAF per person) 

SNRPt - SR net revenue per non-irrigated population (CFAF per person) 

SICPFt - SR irrigated cereal price to farmers (CFAF per metric ton) 

SNCPFt - SR non-irrigated cereal price to farmers (CFAF per metric ton) 

SICH t - SR irrigated cereal costs per hectare (CFAF per hectare) 

l/ Official Statistics (1.33)
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then,
 

SURPt - (SICIt)((SICYt)(SILIt)(SICPF) (SILIt + SICLSt)(SICHt)) / SIPOPt 

SNRPt = (SNCYt) (SNLIt)(SNcrF t) / SNPOPt. 

The irrigated cereal croppiz intensity (SICI) and irrigated cereal yield
(SICY) are determined by average irrigation investment per hectare. The annual
 
relationship is shown in table A7.
 

Non-irrigated cereal land for subsistence and for income and subsequent vari­
ables is determined in a similar fashion as for irrigated cereal land. However,
the land in also deteruived by the amount of flow in the Senegal River since much
of the non-irrigated land is flood-recession land, The river flow multiplier for
1970 through 1974 is based on an index of cereal land planted between those years.
After 1974, the index is assumed to have a normal distribution with mean 1, and
 
.05 standard deviation.
 

The relationships for this sector are shown in figure A12.
 

GOVERNMENT SECTOR
 

Groundnut export revenues are determined by the export groundnut price and
groundnut production. The export groundnut price (GGPE ) is based on values in 
table A8. If, 

GOVGR. t -GGPI t * GGPEt. 
Government foreign exchange surplus is equal to the difiterence between ground­

nut export revenues and cereal import expenditures. If,
 

URCIMVt = cereal import expenditure (CFAF) 

then,
 

URCIMVt (URtMPt) (URCIMP )
 

GOVGRSt = GOVGR - URCIMVt. 
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TABLE A7 

IRRIGATED CROPPING INTENSITY, YIELDS,
 

AND INVESTMENT PER HECTARE 

Maximum 
Crop Yields Cropping Intensity Investment per Hectare 


Kilogram per Hectare Crops per Year 
 Thousand Dollars per Hectare 


=
400I/
 1 none 


O002 
 1 1,200-1,500 


1,500 / 1 900-2,100 


2/

4,000_ 23/ 
 2,0 00 


W/ NA 
 2,000-3,000 


M1/
illet.
 

2/ Rice.
 

3/ Depending on water availability during dry season.
 

4/ NA denotes not available.
 
Source: Official Statistics (2.3.3-5).
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FIGURE A12 

CAUSAL RELATIONSHIPS IN THE SENEGAL RIVER VALLEY SECTOR 
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Table A8
 

GROUNDNUT PRODUCTION 
 AND EXPORT REVENUES 

Production Marketed 
 Exprt Value Ex ort Unit Value
 

Crop Year Thousand Metric Tons 
 Million CFAF 
 Of arkeed Producton
-MW per K11~otram 

1969 
 598 
 19,100 32
 

1970 
 595 
 22,400 
 38
 

1971 
 400 
 16,400 
 41
 

1972 
 755 
 29,300 
 39
 

1973 
 392 
 20, 100 
 51
 

1974 
 440 
 38,500 
 88
 

Source: Societe Africaine, Le Senegal en Chiffres, 1976
 



Variable
bubsector 
 Name 


gWban IMAXt 

GOVDM 


TOTCPSt 


URACP 


URARPt 


URCIMIt 


URCIMPt 


URDCONt 


URDCPt 


URDCSM t 


URDDASt 


URDDPt 


URDDSKt 


URDEMt 

URDIASt 


URDISKt 


URDPC t 


URDRDt 


URDSKt 


URGt 


VCO VAK±AW DEFINITIONS 

Variable 

Definition 


maximum urban imports of rice and 

wheat (metric ton)
 

government price mark-up for domestic 

cereals (dimensionless)
 

domestic production of millet and sor-
ghum for sale
 

average urban cereal price (CFAF per
metric ton)
 

urban rice and wheat price (CFAF per 

metric ton)
 

urban demand for rice and wheat 

(metric ton)
 

urban imports of rice and wheat
(metric ton)
 

urban consumption of millet and sor-

ghum (metric ton)
 

urban domestic millet and sorghum 

price (CFAF per metric ton)
 
urban millet and sorghum stock multplier 

(dimensionless)
 
desired additions to urban millet
and sorghum stocks (metric tons)
 

urban demand for domestic millet and
sorghum 

(metric tons)
 

desired urban millet and sorghum 

stock (metric ton)
 

total urban cereal demand (metric ton) 

desired additions to urban rice and
wheat stocks (metric ton)
 

desired urban rice and wheat stock 

(metric ton)
 

urban cereal demand per capita
(metric tons per person)
 
urban demand for domestic rice and
wheat (metric ton)
 

domestic cereal stocks for urban
consumption (metric ton)
 

urban population growth (people per 

year)
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Page
 
Defined
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A-9
 

A-7
 

A-9
 

A-9
 

A-1
 

A-i
 

A-6
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A-1
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INDEX OF VARIABLE DEFINITIONS (cont'd)
 

Variable

Subsector 
 Name 


URGR 


URICONt 


URICSMt 


URIELA 


URIF t 


URIRDt 


URISKt 


URPELA 


URPOPt 


URRF 


URTMt 


URTHRt 


Groundnut Basin 
 GARNA 

t 


GASSCt 


GAVNFt 


GAVNFMt 


GAVRVIt 


GCAPDt 


GCAPHt 


Variable Page

Definition 
 Defined
 

urban population growth rate 
 A-8
 
(dimensionless)
 

urban consumption of rice and wheat 
 A-6
 
(metric ton)
 
urban rice and wheat stock multiplier A-6
(dimensionless)
 

income elasticity of cereal demand 
 A-8
 

fraction of urban cereal demand supplied A-i
by rice and wheat (dimensionless)
 

urban demand for imported rice and A-3
 
wheat (metric ton)
 

rice and wheat stocks for urban 
 A-6
 
consumption (metric ton)
 

price elasticity of demand 
 A-8
 
(dimensionless)
 

urban population (people) 
 A-8 
fraction of urban rice and wheat
 
demand supplied by imports (dimensionless) A-3
 
fraction of domestLc rice-and wheat 
 - A-7 
production bought by the urban sector
 
(dimensionless)
 

fraction of domestic rice and wheat 
 A-7
 
production bought by the urban sector
 
(dimensionless)
 

GB(Groundnut Basin) inorganic fertlizer
application not removed by crops 
A-24
 

(kilograms)
 

GB cereal consumption (metric ton) 
 A-20
 

GB natural soil fertility (kilograms A-24
 
of minerals)
 

GB natural soil fertility multiplier
(dimensionless) A-24
 

GB indicated total agricultural A-19
 
investment (CFAF)
 

GB agricultural capital depreciation 
 A-18
(CFAF)
 

GB agricultural capital stock per
person (CFAF) A-18
 

A-39
 



INDEX OF VARIABLE DEFINITIONS (cont'd)
 

Variable 

bsector 
 Name 


GCAPHHt 


GCAPIt 


GCAPSKt 


GCC 


GCFMHt 


Gr'"t 


GCIYMt 


GCIYMPt 


GCIYMRt 


GCIYMt 


GCLIt 


GCLSt 


GCNL 


GCOVt 


GCPIt 

GCPINt 


GCPISt 


GCPSt 


Variable 

Defination 


GB capital stock per hectare (CFAF 

per hectare)
 

GB agricultural capital investment 


GB agricultural capital stock (CFAF) 


GB groundnut on-farm consumption 

(dimensionless)
 

GB multiplier for cereal inorganic 

fertilizer use (dimensionless)
 

fraction of income land planted to 

cereals (dimensionless)
 

GB cereal yield multiplier due to
agricultural investment (dimensionless)
 

GB cereal yield multiplier from capital

investment (dimensionless)
 

GB cereal yield multiplier from
fertilizer investment (dimensionless)
 

GB cereal yield multiplier due to
agricultural investment (dimensionless)
 
GB cereal land planted for income 

-(hectare)
 

GB cereal land planted for subsistence 

(hectare)
 

GB annual mineral withdrawal by 


cereal crop (kilogram per hectare)
 

GB inventory coverage (year) 


GB cereal production for income 

(metric ton)
 

GB unsold cereal production for 

income (metric ton)
 
Groundnut Basin millet and sorghum 

production sold for income (metric
 

ton)
 

GB cereal productloa for subutsience 
(metuic ton) 

A-40
 

Page
 
Defined
 

A-26
 

A-18
 

A-18
 

A-15
 

A-25
 

A-12
 

A-26
 

A-26
 

A-26
 

A-26
 

A-12
 

A-19
 

A-25
 

A-21
 

A-12
 

A-21
 

A-21
 

A-21
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Subsector Name 


GCR t 


GCRH 


GCRIF 


GCSKt 


GCYt 


GDASK t 


GDCPSt 


GDCSKt 

GDSSCt 


GFERTt 


GFPCU 


GGt 


GGFIH 


GGFM t 


GGIYM t 


Giympt 
t 

GGIYMRt 


GGLIt 


GGNLt 


GGPIt 


GGRt 


Variable Page
 
Definition Defined
 

GB farmer's revenues from cereal A-19
 
sales (CFAF)
 

GB cereal revenue per hectare A-14
(CFAF per hectare)
 

GB fraction of total investment A-18
 

allocated to current inputs
 

GB farmers cereal stocks (metric ton) A-20
 

GB cereal yield (metric ton per A-22
 
hectare)
 

GB desired addition to cereal A-20
 
stocks (metric ton)
 

GB desired cereal production for A-19
subsistence (metric ton)
 

GB desired cereal stock (metric ton) A-20
 
GB desired subsistence cereal A-20
 
consumption (metric ton)
 

GB fertilizer applied (CFAF) A-24
 

GB fertilizer percent of current A-24
 
investment (dimensionless)
 

GB rural population growth (people A-19
 
per year)
 

GB fertilizer Investment per ground- A-26
 
nut hectare (kilogram per hectare)
 
GB multiplier for groundnut inorganic A-25
 
fertilizer use (dimensionless)
 

GB groundnut yield multiplier due to A-26

agricultural investment (dimensionless)
 

GA groundnut vield multiplier from A-26

capital investment (dimensionless)
 

GB groundavt yield multiplier from A-26

fertilizer investment (dimensionless)
 

GB groundnut land planted (hectared) A-12
 

GB annual mineral withdrawal by ground- A-24
 
crop (kilogram ner hectare) 

GB groundnut production (metric ton) A-15
 

GB farmer's revenues from groundmut A-19
 
sales (CFAF)
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GGRHt 

GGYt 

GLPIt 

GLTC 

GMLPPt 

GMPLPt 

GNLNAt 

GNRt 

GPFNR 

GPGR 

GPLFIt 

GPOPt 

GRAFt 

GSLR 

GTAL 

PACT 

Senegal River SGt 

Ujiey 

Variable Page
 
Definitions 
 Defined
 

GB groundnut revenue per hectare

(CFAF per hectare) A-14
 

GB groundnut yield (metric ton per A-21
hectare)
 

GB land planted for income (hectares) A-15
 

GB average lifetime of capital (years) A-18
 

GB maximum land planted per person A-16
(hectare per person)
 

GB maximum labor available (hectare) A-15
 

GB natural mineral additions from A-24
 
fallow (kilograms)
 

GB mineral removal by crops (kilograms) A-25
 

GB percent of fertilizer not removed A-24"
 
(percent)
 

GB rural population growth rate A-19
 
(dimensionless)
 

GB indicated fraction of land fallow A-21
(dimensionless)
 

GB rural population (people) A-19
 

GB fraction of farmer's revenues A-19
 
available for investment (dimensionless)
 

GB fraction for seed use and wastage A-12
 
(dimensionless)
 

GB total arable land (hectare) A-15
 

fraction of population active A-15
 
(dimensiorless)
 

SR(Senegal River Valley) rural 
 A-32
 

population growth (people per year)
 

A-42
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Variable 

-isector 
 Name 


SGR 


SICt 


SICDRt 


SICGt 


SICLSt 


SICPI t 


SILAt 


SILIt 


SILP 


SIPLPt 


SIPOPt 


SIRPt 


SLIC t 


SNCPIt 


SNLP 


SNMPLPt 


Variable 

Definition 


SR rural population growth 

(dimensionless)
 

SR total investment in irrigation 

facilities (CFAF)
 

SR depreciation rate of irrigation
facilities (CFAF)
 

SR investment rate in irrigation
facilities(CFAF)
 

SR irrigated cereal land for sub-

sistence per crop (hectare)
 

SR irrigated cereal production for 

income (metric ton)
 

SR irrigated land available (hectare) 


SR irrigated cereal land for income 

per crop (hectare)
 

SR maximum irrigated land planted 

per person (hectare per person)
 

SR maximum irrigated labor available 

(hectare ) 

SR irrigated agriculture population

(people)
 

SR net revenue per irrigated popula-

tion (CFAF per person)
 

SR average irrigation investment per 

hectare (CFAF per hectare)
 

SR non-irrigated cereal production 

for income (metric ton)
 

SR maximum non-irrigated land planted 

per person (hectare per person)
 

SR maximum non-irrigated labor 

available (hectare)
 

A-43
 

Page
 
Defined
 

A-32
 

A-30
 

A-30
 

A-31
 

A-31
 

A-28
 

A-31
 

A-30
 

A-32
 

A-31
 

A-32
 

A-34
 

A-31
 

A-28
 

A-32
 

A-31
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Variable 
,-,sector Name 

SNPOPt 

SNRPt 

SPIFt 

SPOPt 

SSLR 

Government GOVGRt 
GOVGRSt 

URCIMVt 

Variable 

Defination 


SR non-irrigated agriculture popula-
tion (people)
 

SR net revenue per non-irrigated 

population (CFAF per person)
 

SR fraction of labor allocated to 

to irrigated production (dimensionless)
 

SR rural population (people) 


SR fraction for seed use and wastage 

(dimensionless)
 

groundnut revenues from exports (CFAF) 

government foreign exchange surplus 

(CFAF)
 

cereal import expenditure (CFAF) 


Page
 
Defined
 

A-32
 

A-34
 

A-32
 

A-32
 

A-28
 

A-34
 
A-34
 

A-34
 

A-44
 



ANNEX B
 

COMPUTER PROGRAM FOR MODEL
 

10i.C' EHE I3AL MODEL VEPS IOH IE
 
,OU02O NOTE ,
 
1)O0-:13 0 NOTF M,':Po :ECTO
 

rt:'I40 NOTE .
 
I0 5,:0 NOTE
 

0u'0'160 INOTE MA.. POTENTIAL LAiND PLANTED MRCRO
 
0ri:)070 MA-CPOD MPLP (DOP, ACT, MLPP,
 
000. 0 A MPLP.V'=POP.F.*FC T*MLPP.lI 
n 0090 MEND 

001 ':0: NOTE 
Co0111) NOTE :UP'ISTENCE CERERL LiiND PLA4NTED MAC:O 
00120 M1CRO ,-L tFq'.-, C .C V PC 'PC T, MPL P, POP, EC Y- CI, DPC DCP, "e" 3 Lp

iL' =M IN t[DCF.P.I- LP.I11) 13_1 K.. 1I. 	 / tEi--Y. C 10( I - , MPPLP. ', 
4 CL7.,- =MIN 'ICLZ 1. V,9 CE-14ii A 	 . F,#I i"IECY. K 

00160OF4 $D-77C.K=POP. +DPC.'., 

0'17nA $DS-K. V= 'PC "I . X-C -K. ",l 10i' 
i.001: ARsDC. k. k =$D: 3 C. *Y9._.
 
1i:0:191:0 e i::C.,.L=.C.)e#POP.r
 
0:1 2:1"rF rc. f =TAEHL 'PCT, Kl. OV. * 1, -" . 2'5,1 *DPC . 
unc. 	 .A '1COV. K=C Z e. y IJDCC. 

(:1i120 MEND 
0 2.30 NOTE 

1:12411 'NOTE INCOME _IaND OLANTE' MAC.Pr 
0 1:':'5 ri CRO LI L-MFPLP, AL•PLF, 

':'.-_',6 CI SLII. =MFX tMPLP. 1,.-L: . )
ClC271) ; FsL.I..-PLF.' 'fLI .FMIN!V' LI1., 	 ,-L-.K 

0' 1)2'4 0 MEND 
' 0 3 0 0 NOTE 
0031 A NOTE UPRBAN TMPOPTED/DOME TIC CERERL -UPPLY'DEMAND MACRO 
li0:, :0 MACRO CON PCT. DEN, IFI."k HT, OSHT, IN,DIN* YPS', 
u i -::O A I.C ON I . F.=TFABHL PCT,.C k SDC 0. .25, #%DC ON. i%':', 2 
00"'340 R CON.FL=$CO.1.k 
003:50 	 AR DCON.,=fDEM. *IF.',+OSHT.K 

0 3L360 A IN. k=MFiX ci(0 DIN. K)
00370 A DIN.K=$DCON.K4+DR3X.K 
00330 A SDl'AR.Z I (DC'.l .1 -,S. . . )/2 

i, '039 RA DC = Y'. ti. , D . %
 
004:: CHT. :A1,,, ,,Ef<1. *I.' - COt4I .
 

0041 0 MEND
 
00420 NOTE **...........
 
00430 NOTE UPBAN SECT-R *
 
0)0440 NOTE .
 
III:450:iR yI.=TPBHL U RST,TIME, ,1975, 1990.,50ir460 T LYRT=.5D.c 5%'.-5/.25 

00470 A LIIDEM. =UIRDPC. f'.LUPOP.I 
00480 L URPOP. i=URPIOP.J+(DT>.(UPC. Jk) 
00490 r LINPOP=11.6200 
00500 P URG.IXL=UPPOP.X#URGI. k 

http:5%'.-5/.25
http:T*MLPP.lI


00510 Rt UPGP.K=TABHLtLIRPT.T IME.K- 1975,2000-5)

O)'15 20 T LIPGRT=. 05./. 05,'. n5,. 05,,. 05/. 05S
 
00)540 Ft IMAiX.Jk= fOVGR.K,+'FXS.K.8)? LIRIMP.X
 
':'055 0 URC I MV.K=U IMP.K *UPC I M:!. l

00-96 0 L UPIS .i =UP I- K.J4kDT) tKIFrC I '1P.JW-UPI CON. JK4{UA4I D. JK+S ICPC'.Jk,' 
00570) N LIPI1 1(=2E5
 
00580 L Upr'.: P=UPD~'R. J+ t T) kTOTC0S. A -UPDC ON. Jk)

00590 NIUPt'Y=3E4
 
00600 R UIO.,=O(PTUDMKUIRS.qPSPSTUCM
 
00610 X< , UPI DEM,eYP'. ))

00--30) R UPEIC ON. XL=CON kfPCT ,LRDEM. K 11-LUP I F, LIPD&K 9 LPD: T. UP I HT. UPE IMP
00640 :' 'URDDEM,,UYRS. K) 
00650 Ft LPISHT.k=SMOOTH(UPIST.X *.25)
 
00660 N JRIST=O
 
G30670 At UPDSHT.K=SMOOTHLIRDST.l,v.25)

00680 NI URDST=0 
00690 F# LIPID.K=LIPCIMI.KUPRF.Io(e-UPppsH.K
 
00700 Rt UPCIMZ.k=MINBIMRX.K(,UpIPD.X)
 
00701 P LIRCIMP.kL=LUPCIMZ,.
 
007'10 R LPIRS.X=MAiXO.,'UPCIM1.K*iJPPF.)-IM9X.k)
 
007, UPIPSH.K=SMOOTI.4.UPIP.K,.25)
 6 20 Rt 

0l073CAI LIPIPS=0
 
007940 RtU'PDrD.K=M(o,M.(LIIM .k)1-UP.>I-' ICP1.
 
007:60 Rt LPDPSH. K=.3MOOTH'ULIRS.Rw..25) 
00770 N UPDPS=200E3 
007380 Rt URM.=PH(RMTUDDK(-IPPI+)0ll
 
00"'90 T URTMPT=O/l
 
00300 R LPPF.k=TRBHL(UpIF2,jPDP.Ih..5,~p,:9)
 
00910 Rt LPDP.X=SMOOTHdJPDR1.K..5)
 
0087JO Nr DI
 
008S30 Rt LIPEIP.K=r((7ICPF.KGOVDM.K, /.66P-U,5)-PIMPC.K

00940 9APP l<=((U P.R*R P )+ ICF GVM 6)# 
 -P-)
0 0 .5 X< , 0JPC IMP. A +,zI :CP'. JlIK)
00360 .1 UPf .i=t(PrP TCP U~P.R#(P M.A+3 .c.A
 
(0961 e (TOC PC--.LIPCI MP. JK+SICPf. JK
 
00S62 R UFDIPI.K=UEICP.X/UPARPp.<,
 
00870 A UPPC. ,='LIPICON.JK+UPDCON.JK' 'LPPOP.K
 
003:30 R UPTM.K,=TAiBHL(RTMTLIPDDL.M. /(TOTCPI.K1., p':'i 1)
01.190 T IJPTMT=O/1 
00900 Fl JPIFI.K=TAiBHL(UPIFIT.IPDIP.AP,1 
00910 T .IPIFlT=0/.35/.95/.9--.95 
00920 R UPIF2.V=TPKL(UIF2TPUPIP.K,.5,2P.5 
00930 T1PIFT.1/ 3/ /.7 .815 65 
00940 At 
 UP IF.K=(NPI F I.icFPC. ) +(UP IF2.Xs.(I FPtRC K)
00950 FtFPAC.K=TAIIILFPACTTIME.K.19791990,5)
 
00960 T FPACT=1'1
 
00990 RtUPDIP.KwSMODTHLIPDIP1.K, .5,
 
00990 N 'JPDIP1=1
 
01020 A UPPRCP. KmSMOOTH (URRCP.K,UPPD> 
01030 N L'ACPmUPRCPI
 
O1P40 C UPRCPI=40000
 
01050 F4 UPIC.KzTF.DHL(UFpICTilTME.K,1970o,1975,l).LRpJM.K
 
01060 T 'RICT=1/1.03/1.rt6/1.f91.121.79
 
01070 R.'JPIC.K=TMO0TH(1JPIC.KvUPPD)
 
01090 N UPICULIPICI
 
01090 C URICIZI
 
01100 r-UPPD=.5
 

http:RICT=1/1.03/1.rt6/1.f91.121.79
http:TOTCPI.K1
http:LPPF.k=TRBHL(UpIF2,jPDP.Ih
http:K=.3MOOTH'ULIRS.Rw
http:007,UPIPSH.K=SMOOTI.4.UPIP.K,.25
http:ICPC'.Jk
http:IMAiX.Jk


i11:1 F UPDCPI.I= _'CPF.K.,o _CPI11..TOCP_.K'.+ 
20o :.4CPF. K :,.NCPrl . k .TOECP. ' *'.G OVDM. e 

C1 ! :1 A ' '-c,P. R=M ;. LIkrDCP I . V, MI N(GC PF. , _NC"F. e(> 
' ,114, .' IPrDPC. =URC N. , *E :P rURPELA*LDGN LIRPAC P. K,,, *E:'.:P fUP I ELA.LOGN (U'P IC.K', 
Q1!5 0 C UPPELP=-.E!
 
'11-0 ' UPIELA=.2
 

1)0117 1) A LIRC.. .= - -. ,,"E:<'JP'PELA*LOGN 'UPF PI) ) *EXP'UP IELPLOGN (UR IC I>,'

0:11,-.0 140TE *o*e* ~.e** 
C111911 NOTE 'RUND'NUT BA. Ie 3,EC.TOP 

Cnl12,10 A PYP..I,=TBHL(P"Y'PSTTIME.I,1975, 1990,5) 
n20 T "YP"-T=. 5,.5,".5,. 5 

01 ' 30 A 'C L" . V=C L: f '5A 33 C, I. ,3. •3GPC, GPCT, GMPLP • GPOP• GECY • , • I.tDPC o'3DC PS • PYP". 

-01250,R G LP'. k=GLI(SL..P+PPGTLePPF.' 

n1,70 " :33U,=. 1 
C'I.E2O : 'IP=. 1 
01'90 F -- K=,MPLP (GPOP.,MPLP. PFCT,GMLPP>
 
01300 A C='I G. K=GCLI . KIGCY. K
 
01310 A GCPI. '=GCRIG. 0( I-G- LP.K.
 
0 1321) A GCPIPS . X=MA:< (GCPI . e -MA4X tGDCPS. K-GCPSI G., 0"' 0 

01351) R ,CPINI.V=GCPI.K-GCPIS1.
 
01360 P GCPIN.1,L=SCPIN1.X
 
013T10 R 13P I G. K=GGL I . ,of Y. V
 
1:113:3-0 1: l.e3I.=GGPIG. Vo(I -GTLP.R) *,(I-GCC)
 
013?0 A 'lCPI. =M IN(GPI.<KPGGP6M. 0,
 
:140 C', "MGTM. l =TABHL 0tMGTMT , GGPIIM. K/ (GP I. X +D *l 1 -PI)


141 ': T 1,IMGTMT=:'/1
 
.1420 - G C=. 05

0 14 31) R G..FP. X:TRB:HL (G5C FPT , GPC P=.K/ GPGP. P •. C5- 2 *GGEII. it,2%,P" 
1:11440:1 T 'CFPT=. 05/.235,.50 .71. .315 . 8675,.'.'9 
01450 RA GL .KLI.i=fI-GCFP. K GLPI.f
 
01460 .t3CLI . ='-CFP. 1 *GLP .
 
01471) A GTRL.K=GTALI
 
0I481) C GTLI=2235E3 
1149' L GC :k . =GC' S,.J+ DT) r-P3. J-1R' TC.. JI +GCPIN. JK+ CPA I. JKG-CAF. So> 
0150 N C V- = f GPOP 1,. 175, .PYP 
C1515 AF GDPC.F=.MOTH'GPC.IO1r) 
01520 N GP'C=.175 
0153: A PLFI.K=MX((GTL. -GMPLP.) 'STAL.I.,GPLFMN.K) 
01540 R GPLFMN.tK=TABHL'GPLFNTTIME.l,19O,2.000,5) 
01550 T '.PLFNT= 0/OoO,O, r110/o'0-,: 
01560 A GPLF.K=3MOOTH(GPLFI . ,-%3 
01571) N GPLFI=.PLFII 
0153n C GPLFII=.15 
01590 R GCPS1.=GCLS. *GCY.V 
l.O1 A G_3CPS$1 .K=GCPS1G. * I-GZ'LF. ' 

0161:' .P GCPS. 1L=GCPS1 . 
1"0162):' A SCP.l=GCPSIG.J+GCPIIG. 
01630 N SCSCFS1=30 E3 
0164A L GPOP.k =GPOP.J+(DT) 0GG.JK 
AI650 N SPOP=GPOPI 

o660 C GPOPI=1719607 
i:11670 R G.L='POP.koGPPGR. 
01680 A GPPGP.K=TABHL,,GPPGPTTIME.K,1975,2000.5> 
0' 9:0 T GPPGRT=.015-. 015/. 015-. 015,. 015/. 015 
01700 A SMLPPM.)=TABHL( MLPPTGCAPH. ,*, 9990,3330) 
01710 T '3MLPPT=.5/-.91.06/1.15 

http:1.06/1.15
http:GPLFII=.15
http:05/.235,.50


C'U40 A -;MLPPI.K=4).4*CMLPPM.R*r:MLPRM.K
 
01750'A GMLPP.K=SpNDOTH(GMLPPI.,.i)
 

t70N GMLPPI-2.4
 
.70A GPT.=GCPS.<'Pop.
 

01780 A GCAPH.I =SM'OOTHGCAPN. ,1­
01790 N !3CAPHI=I;CRPHN
 
01800 C GCRPHN-4896
 
01310 C Cl
 
0 18*020 C GCYh. 625
 

Ci30 Iq SKY- =GC IYM. k~*CYN. ((GPVNFM. V.'SC FMM. 0"4 (1 -3C FMM. R,,) Of43dkM.
 

01340 9 GECY.R=MOOT4(GCY.K,CPI>
 
018350~ N SCY=GCYN
 
01960 C SCYPD=2
 
01370 C i??M-3=. goo
 
01380 R GGY. =GGIYM. l<*CGYN*( (GRVNFM. K 4GGFMM. 10 + (I-6GFMM. Y)) *GR'IM. V
 
013 ?0 L GPVNF. X=GRVNF * J. (DT) (GARNAf.JK4.GMLNA4. JK-GNtP. 110I
 
01900 N GA'/NF=GTAL I .FYRS *GGNL
 
0191 GFYPS=10
VInC 
01920 A GAVNFM. =TAPHL (LAVNMT.GAVNF. I( GTALI*GFYPS.GLNL) '0'1, 25)
 
01930) T GAVNMT='.25/.5' .75/1
 
01?40 R AN~L(FP~*9~ :5 1
 
01950 RP. =PNMK(GFMKG&LGL.)(CM~eGCL(CIKGL.).
 
01960 R GGFMM.K=TABHLGGFMMT- GGFIH.1*.95)/t3GNL12).,0p,e
 
01970 T GGFMMT=1'0
 
01980 R GCcM l<=PH GFM GCF IH.R . 95) ('CNL +66".10) 1,0 1,p1)
 
01990 T GCFMMhT=1/0
 
0210 R GNLNA.KL=u3TAiL.K.GPLF.l0 '. 3'-k*CL 

02010 C GGINL=7*3 
(1020 C G3CNL=5 r 
U203u0 R GPP - 9=10-GPARF. 1 kSCI 11.:. *CPF.: + k GPI . *rGGPF. K)-EP 1.0'GPOP. K 
02040 
02050 Af 'GCR. K=IELAY1 a G3CPI . GTLID)
 
0:2060 N1SGCPI=100E6
 
0-0070 R GGGPI. .=GRRF. K#GGPI-_.le GGPF. l< /DCG. V
 
02080 A 'G3GP. V"=E'ELAY 1GI3 I . l< i3TUri
 
02090 4 GGGRI=2EC9
 
02100 R STLD.F=TABHL(GTUDT.TIME.I.1970,2000.5>

02110 T G~I=//~//'
 
02120 A ARF.K=TABHL(GAFTTI1E.'1970,1990,5)
 
02130 T GRAFT=. 04/. 15/. 15/. 15/. 15
 
02140 L GCPED.l=GCRED.J+(DT) (LEND. JK+INT. Ji-PEP. JK)
 
02150 N SCPED=O
 
02160 A LENDI.K=TADHLLENDIrTIME.197520'o 9',s,.E6
 
02170 T LEND1T=0/0/0/0/0/0
 
02190 P LEND.RL=LEN'1.K
 
02190 P ItiT.KL=GCPED.K*(O.O0.
 
02200 JR PEP1.K=tMIN(GCPED.e*. 10,GGGP.K+GGCP.1)
 
02210 R PEP.KL=REPI.K
 
0;2220 L GCIAPSK. 1(=GCAPSV. J+ (DT) (GCAP I * JK-C APt'. AI
 
02230 N GCAPSK=9.42E9
 
02240 R GCPD.KL=GCPSK.*.04
 
02250 R GrP I .KL= (GRVPEV , Q(-CCR IF. V + ((LENDI.11 +G IID. K) (/DiCr..Io)
 

c 260 X 0 01-SGFCR. K) )
'. 270 R GFERTI.K=(GVPEV.GCIF.K)+LEND1.GIIt.V).l.-DCGj~.GrIFCP.K)
 
02280 R GFSRT.K=MIN(GOVGS.KvGFERTI.K)
 
02290 A 5OVGPS.K=(GOVGP.K+FXOS.K+GDVI-WA.K>-UpCIMV.K

02300 P SAVREV.K=GGCR.K+GGP.K-PEPI.K
 
02310 A SCRIF. I(=7'IHL GC I FT9T IME. K,197Op2 0001,5)
 
02320 T GCPIFTa.35/.35/.35/.35/..35/.35/.35
 

http:GCPIFTa.35/.35/.35/.35/..35/.35
http:GCPD.KL=GCPSK.*.04
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ANNEX C
 

THE PROGRAMMING LANGUAGE FOR THE MODEL
 

The relationships discussed in 
annex A, once mathematically represeyed,

were simulated on the AID computer with the programming language DYNAMO.-

DYNAMO is primarily used to compile and execute simulation models where the

behavior of the system depends more on aggregate flows between variables than
 upon discrete events. 
These types of models are called continuous simulation

models. 
Typically there are many closed feedback relationships in such systems.

DYNAMO orders the relationships in the form of recursive difference equations,
simulates the system behavior on the computer, and prints the simulated values
 
of the model variables.2
 

The major advantages of DYNAMO are: (1) it is an efficient way to simulate
large continuous simulation models with many feedback relationships; (2) it
allows the inclusion of behavioral relationships, through specified equations

or numerical approximations; (3)it allows the inclusion of physical or infor­
mation delays between variables through specified equations or numerical ap­proximations; (4)it provides easy to read graphical and tabular output; and
(5)it provides easy to use rerun capability for sensitivity and policy tests.
 

DYNAMO, though a convenient tool for simulation, is not an all-purpose

language. It would not be possible, for instance, to program a linear pro­
gramming model in DYNAMO.
 

/ Pugh, Alexander, Dynamo User's Manual, MIT Press, Cambridge, 1976.

2/ A difference equation is 
an equation whose variables can take different
 

values depending on time. A recursive set of equations means that it is
 
possible, by starting with the initial value of any endogenous variable
 
and the values of all exogenous variables, to proceed iteratively to
 
calculate the values of all othet endogenous variables.
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ANNEX D 
Ak EXPLANATION OF A GRAPHICAL TECHNIQUE FOR PRESENTING MODELS
 

A technique, called a casual influence diagram, presents variables that
have been identified in a system, their interrelationships, and the effects of
changes in value or intensity. 
The technique is illustrated with a simple model
of dust generation in the Sahel.- e
 

The author's hypothesis is that plant cover is determined by the amount of
annual rainfall and the nortf,-n reach of the monsoon.
increases or as the monsoon As the amount of rainfall
 , 
further north, the plant cover increases.
 
The amount of dust generation is determined by the amount of plant cover
and the wind. 
As plant cover increases, dust generation is decreased. 
As wind
increases, dust generation increases.
 

The amount of rainfall and the northern reach of the monsoon are determined
by climatic changes and the amount of dust generation. 
As more dust is generated,
the amount of rainfall decreases and the monsoon does not reach as far north.
 
This hypothesized model indicates that droughtsmonsoon does not produce much rain and does not reach as far north as normal,
plant cover decreases and more dust is generated. 


If a tend to "feed on themselves." 

The extra dust increases the
severity of the drought.
 

This model is presented in Figure Dl.
of effect. The arrows indicate the direction
The sign at the head of an arrow indicates the change of direction
caused by an increase in value or intensity of the variable at the tail of
the arrow. A plus sign indicates an increase in value or intensity, a negativesign indicates a decrease in value or intensity. 
If there is no sign, the direction
of effect depends on the values of the other causal factors.
 

Naceod 
N.0 "Dust In the Sahel: Cause of Drought?," The Politics of
NaturalDisaster, ed. Michael Glantz, Praeger Publishers, New York, 1976
 p 214-231. 
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Figure D1 

CAUSAL DIAGRAM OF DUST GENERATION IN THE SAHEL 1/ 
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1. Source: MacLeod, N., 
"Dust in the Sahel: Cause of Drought?", The
Politics of Natural Disaster, ed. Michael Glantz, Pra-eg-er
Publishers, New York, 1976, p 214-231.
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