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A_TOOL FOR INTEGRATED AGRICULTURAL POLICY ANALYSIS TN THE SAHFL

INTRODUCTION

"Yesterday's projection will never really know, but tomorrow's 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 i3 to show how a simple under-
standing of Senegalese agriculture may be quantified with the data available,
programmed for operation on a computer, and then used for pnlicy analysis. The
model 1s 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 iz 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 utilized.

"The model is not a complete statement of Senegalese agriculture. Four submodels

“have been included which describe crop production in the Groundnut Basia and the
Senegal River Valley, ceresl 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

i0AL AND POLICY VARIABLES IN THE MODEL

A model is generally useful only when constructed 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
pover to change. The former we called goal v.riables,while 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 iz not yet 2t a stage
where 1!1 of these variables ar: inciuded.

THE SUBMODELS

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 goverument,

(5) eastern Senegal, and (6) the Casamance Region. Each region can be dia-
cussed and treated separately as different submodels of the overall model.

A general overview of the first four submodels follows. The model is 2xplicitly
described in annex A.

The Cities

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

Demend is split between rice, wheat, millet, and sorghum based on relative prices,

taste preferences, and availabflity. The availability of domestic cereals depends

on available production- in the rural regions. The availability of imported cereals
depends on foreign exchange obtained from groundnut exports.

The Groundnut Basin

In tke aggregate, land is first allocated for subsigtence crop production.

Dewand for subsistence needs is based on the number of rural people, cereal
requirements per capita, stock and seed requirements, and expected cereal yields.
The amount of land planted is constrained by land, labor, and seed availability.

Income crops are then planted based on land and labor availability. Income crops
are food crops for urban consumption and groundnuts for export. Land for income
is split between these two crops depending on their relative expected revenues per
hectare.” Expected revenues will depend on groundnut band cereal prices and the
amount of each crop sold.



TABLE 1
GOALS FOR SENEGADl/

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. Daxly caloric consumption per capita
should equal or exceed FAO standards for ninety percent of each
population group for euch month of the year. Thie consumption is
measured after nutrition 105575 due to such causes as diarrheal
diseases have been deducted.

lb. There should be ro donor food aid except to those drouggy years
which occur with a frequency of once every seven years.

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

Lncome

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.ﬂ/

Health

3. Decrease or prevent an increase in the incidence of the mejor
diseases: malaria, tuberculosis, trypanosomiasis, onchocerciasis,

schistosqmiasis, gastro-intestinel diseases in children, and
measles.

1/ 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 Congressg for the
Sahel Development Program. (AID, Proposal for a Long-Term
Comprehensive Development Program for the Sghel, Part II, p le-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/

3/

S/

Average daily caloric consumption per capita in Senegal was 2300
calories per capita in 1970, or ninety-seven percent of FAQ'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
Zifty percent of the population might consume less than FAQ
requirements. FAQ 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 percent
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.

This frequency of drought of once in twenty years is often
accepted by donors as a minimun 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,
Proposal for a long-Term Comprehensive Development Program for

the Sahel, Part II, p 2.)

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

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

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



TABLE 2
DONOR AND NATIONAL POLICY INSTRUMENTS FOR SENEGAL 1/ 2/

Agriculture and Fishing Policies
Food and Cash Crops

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

1b. Aid for crop production capital (i.e. plows, oxen, drying and
storage facllities, etc.)

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

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 restrictioas,

marketing, etc.)

3d. National transport policies (i.e. tramnsportation 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 prcduction, agricultural
processing, etc.).



TABLE 2 continued

La.
)"‘b L]

Le.
kg,
ke,
Lr,
Lg.
Lh,
bi,

Nther Policies

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

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

Aid for education.

Aid for disease prevention services.
Aid for nutrition improvement.

Ald for family planning.

Aid . or urban development.

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

Migration policies.

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.

The policy variables will be disaggregated by the following
regions in Senegal: the Sensgal River Valley, the Croundnut |,
Basin, the Casamance Region, eastern Senegal, and the cities.



Cereal and groudnut yields are determined by the rainfall, the relative amount of
fallow land, and current fnputs, e.g. fertilizer, pesticides, etc., per hectare.

The amount of land planted per person depends on the agricultural capital stock,
e.g. plows, oxer, etc., available to thie farmers. Investment in current and capital
nputs is the 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 fndicated for
the Groundnut Basin.

Cereal production is produced from irrigated or non-irrigated land. Non-irrigated
crops include dryland and flood recessfon crops. The decision for a farmer to plant
irrigated crops or not depends on a comparfson 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.



USING THE MODEL FOR POLICY ANALYSIS

he 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 programmed model was operated on the computer to simulate events from 1970

to 197, 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 to provide a base to measure the effects of policy
interventions.

The historical and projected model behavior fs first presented. The two sets of
policies are tested to change the projected behavior. Finally, & relationship

in the model 1is changed to indicate how the model may be used to identify research
requirements.

HISTORICAL AND PROJECTED BEHAVIOR

The behavior of the model is shown iIn figures la and 1b. Only aggregate behavior

for Senegal has been presented, although similar figures could be presented for

each region in the model. The Base projection is based on continuation of historical
behavior for all variables determined outside the model, such as prices. No

major regional development projects are assuded to affect the projection.

[—Eron 1970 to 1975, cereal consumption per capita fluctuated due to the drought.
Cereal production was provided from primarily rainfed agriculture and imports,
vith relatively little coming from frrigated production.

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

Population pressure in the Groundnut Basin causes an increased demand for income
and food. Farmers, able to achfeve greater production faster by increasing land,
decrease the amount of fallow land. This causes a slow decline in cereal yields
vhich means farmers must 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 yfelds.

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 the 1990's is due to the fnability of the country to buy fertilizer.
Thus urban cereal consumption falls due to declining cereal imports and growing
urban population.

POLICY ANALYSIS
Two sccs of policies have been chosen to demonstrate the output of the model. There

-2Te many other policies that could have been chosen, and many combinations of all thege
s0licies.
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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 perr ent
per year to a maximum of 2.5 times the present price;

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

d. Decreasing to one year the delay in achieving technologgicall: possidle
crop yields based on available inputs. This will require an effective
trained extension staff, or efquivalent means to insure technolo~y i.ansfer
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 productiom.
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 wich (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 relstionship. There are
others in the mode.

-1l -
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FIGURE 2
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FIGURE 3
IRRIGATED CEREAL PRODUCTION STRATEGY
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In the model therz 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 1is shown in
Figure 4.

-14 -
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ANNEX A

DETAILED DESCRIPTION OF MODEL

The model has four distinct subsectors which are: (1) an urban sector, (2)
a Groundnut sector, (3) a Senegal River Valley sector, and (4) a government budget
Ssector. Each sector will be described. The explanacion 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 tc 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)
URDEMt = total urban cereal demand (metric tonm)

then,

URDEMt (URPOPt)(URDPCt)

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 ond sorghum, and (4) short-
falls in rice and wheat supply. Urban demand for rice and wheat is similarly
determined. If,

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

URCIMlt urban demand for ~ice and wheat (metric tons)

URIFt = fraction of urban cereal demand suppliaed by rice and wheat
(dimensionless)

URDDASt = desired additions to urban millet and sorghum stocks (metric tons)
URDIASt = desired additions to urban rice and wheat stocks (metric ton)
URISHTt = shortfall in rice and wheat supply (metric ton)

URDSHTt = sghortfall in domestic millet and sorghum supply (metric ton)

then,

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

U'RCIMJ.t

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

(URDEMt) (URIFt) + URDIASt + URDSHTt.

A-1



ratio of cereal prices determines the fraction supplied by imports. In addition.
equal prices do not imply an equal preference for the different cec2als, 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

I.O e S
.78

Fraction of

Urban Cereal

Dg~'nd Supplied

b.«ice & Wheat .50

(Dimensionless)
.25

o 0.5 1.0

Millet&Sorghum Price/Rice&Wheat Price (Dimensionless)

Urban demand for imported rice and wheat is determined by the (1) urban demand
for rice and wheat, (2) fraction of urban rice and wheat demand supplied by imports,
and (3) shortfalls in domestic rice and vheat supply. Urban demand for domestic
rice and wheat is similarly determined. 1f,

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

URDRDt = urban demand for domestic rice and wheat (metric ton)

A-2



URRFt = fraction of urban rice and wheat demand supplied by imports

(dimensionless)
URDRSHt = sghortfall in domestic rice and wheat supply (metric ton)
URIRSHt = shortfall in imported rice and wheat supply (metric ton)

then,

URIRDt = (URCIMlt)(URRFt) + URDRSHt

URDRDt

(URCIMlt)(l—URRFt) + URIRSHt.

The fraction of urban rice and wheat demand supplied by imports (URRF) it 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 fraccion 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 BETIWEEN THE
FRACTION OF URBAN RICE AND WHEAT DEMAND SUPPLIED
BY IMPORTS AND THE RATIO OF IMPORTED AND DOMESTIC
RICE AND WHEAT PRICES

1.00
i

75
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0 0.8 1.0 .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 vhich can be
bought from foreign exchange received from groundnut exports. The maximum cereal
imports is set equal to the amount of revenues from groundnut exports diviced by
the imported cereal Price. An exception to this rule is made during the drought.
Extra foreign exchange 1s assumed available from other exports, international debt,
drawing down cxchange reserves, etc. for emergency purposes. If,

FXOSt = emergency foreigr exchange reserves (CFAF)
then,

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

GOVGRt ®= groundnut revenues from exports (CFAF)

UIMP = 1imported rice and wheat Price (CFAF per metric ton)

t
IMAxt = maximum urban imports of rice and vheat (metric ton)
then,
URCDﬂ’t = URIRDt, such that URCIHPt < IMAXt
IHAxt = GO'VGRt /URIMPt.

Millet and sorghum stocks for urbsn consumption is increased by millet and sor-
ghum production sold for income in the Groundnut Basin and in the Senegal River Valley
and decreased by urban consumption of these cereals. If,

URDSKt = domestic cereal stocks for urban consumption (metric ton)

GCPISt * Groundnut Basin mille' and sorghum production 80old for income
(metric ton)

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

URDCONt = Urban consumption of millet and sorghum (metric ton)
then,

UlDSKt - URDSKt_1 + GCPISt + SBCPIS& - URDCONt.

Rice and wheat stocks for urban consusption is increased by cereal imports,
rice production sold for income in the Senegal River Valley, donor aid of rice and
vheat, and decreased by urban consumption of these cereals. All commercial imports
commercial sales, and aid shipments of rice and wheat shown in Tabla Al are assumed

URISR.t = rice and wheat stocks fer urban conswmption (metric ton)

SICPpt * Senegal River Valley rice Production sold for income (metric ton)
UIICOIUt ® urban consumption of rice and vheat (metric ton)
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TABLE Al
CEREAL IMPORTS

and COMMERCIAL CEREAL SALES IN SENEGAL
Thousand Metric Tons

COMMERCIAL IMPORTS FOOD AID OFFICIAL COMMERCIAL $ALES

Wheat Wheat
ZEL_l Ezgg_ E;g;;;gg/ Rigg g:?::lsg/ Paddy Rice Millet
1969 292.8 38.6 11.2 18.2 38.0 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 6.6 N.a.3/ 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.

;/ Calendar year for imports and crop year for sales.
2/ Millet, sorghum, and maize.
3/ 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

Statistique et Economic Mensuel; ONCAD.
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CUAIDt = donor aid of rice and wheat (metric ton)
then,
= - + .
URISKt URISKt_1 + URCIHPt SICPQt URICONt CUAIDt
Desired additions to millet and sorghum stock is assumed equal to one-half of

the difference between desired and actual stocks. Desired stocks 1s assumed to
equal one-quarter of urban consumption. If,

URDDSKt = desired urban millet and sorghum stock (metric ton)
then,

UP.DDASt = (URDDSKt - URDSKt)/Z

URDDSKt = (URDEMC)(I-URIFt) + URISHTt.

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

URDISKt = desired urban rice znd wheat stock (metric ton)
then,

URDIASt = (URDISKC - URISKt)/Z

URDISKt = (.25) (URDEHt)(URIFt) + URDSHTt).

Urban consumption of millet and sorghum and fice and wheat are determined by
the (1) total urban cereal demand, (2) the fraction of urban cereal demand supplied

by rice and wheat, (3) shortfalls in cereal supply, and (4) the cereal stock multi-
pliers. 1If,

URDCSHt urban millet and sorghum stock multiplier (dimensionless)

URICSHt urban rice and wheat stock multiplier (dimensionless)
then,

URDCON_ = (ancsut)((imnmt)(l-unrt) + URISHT)

URICONt - (URICSHt)((HRDEHt)(URIFt) + URDSHTt).

(URICSM ) are determined by the actusl and desired stocks of each stock. The millet
and sorghum multiplier is presented in Figure A3.
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BIGURE A3

THE RELATIONSHIP BETWEEN THE
URBAN MILLET AND SORGHUM STOCK MULTIPLIFR AND THE
RATINYOF ACTUAL AND DESIRED CEREAL STOCKS

Urban Millet &
Sorghum Stock

Multipliter

(Dimensionless) 0.5

(o] 0.5 1.0 1.5 2.0
Actual Millet&Sorghum Stock/Desired Millet&Sorghum Stock
(Dimensionless)

The fraction of domestic millet and sorghum production bought by the urban sec-
:or 13 equal to the quotient of total urban demand for these cereals divided by the
lomestic production for sale, up to a maximum of one. The fraction of domestic ric .
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)

URTMRt = 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 UR'mt =<1

TOTCPSt GCPISt + SNCPISt

URTMRt URDRDt/SICPQPt such that: URTMRCQ; 1
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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 = yrban population growth rate (dimensionless)
then,

URPOPt = URPOP:-I + URGt

URGt = (URPOPt)(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 ccreal 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.

URPACPt = perceived average urban cereal price (CFAF per metric ton)
URPICt = perceived income per capita index (dimensionless)

URIELA = income elasticity of demand (dimensionless)
URPELA = price elasticity of demand (dimensionless)
URCON = constant (CFAF per person)

then,
URDPC, = (URCON) (URPACPR, "= "'%) (urp1c, "RTEL4)

URPELA = -,2
URIELA = .2
Urban cereal consumption per cap}’a from 1965 through 1968 was approximately .250

metric tons per person per year.—hl This consumption seems to have declined with
higher food prices in the 1970's.=

; Nelson, H., et.al., Area Handbook for Senegal, American University, 1974, p. 63.

1
2/ Dione, J., Le Deficit Cerealier au Senegal, University Laval, Quebec, 1975, p. 48.
3 AID, Proposal for a PL 480 Title U Program in Senegal, Dakar, 1976, Amnex 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. 1If,

URA.CPt = average urban cereal price (CFAF per metric ton)

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

URDCPt = urban domestic millet and sorghum price (CFAF per metric ton)
then,

U‘RACPt = (URDCPt)(TOTCPSt) + (URARPt)(URCIMPt + SICPQt)))/

(TOTCPSt + URCIMPt + SICPQt)

The urban rice and wheat price 1s a weighted average of imported and domestic
prices. The urban domestic millet and scrghum 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, thé& price f r rice 'was raised to
100 CFAF per kilogram and lowered to 80 CFAF in April, 1976.1/ The urban domestic
cereal price is determined by the average cereal price paid to farmers and the
government percentage price mark-up to consumer7 These prices are given in table

. 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)

URIMPCt urban price of imported cereais (CFAF per metric ton)

SICPFt = Senegal River Valley price of rice to farmers (CFAF per metric ton)

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

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

then
URARP = (URIMPCt)(URCIMPt) + (SICPFt)(GOVDM/.66)(SICPQt)/
(URCIHPt + SICPQt)

URDCPt a (GCPFt)(GCPISt) + (SNCPFt)(SNCPISt)(GOVDM)/(GCP-ISt + SNCPISt)

GOVDM = 1.25

1/ ibid, pp. 8, 33.
/ Comments on an expert on agriculture in Senegal (1.27).




TABLE A2

Cereal and Groundnut Prices to Farmers

CrAF Per Kilogram

Millet

Fleuve Other 1/
YEAR Region Regions Rice 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 incowe per capita index (URPEC) is exogenous in the model and is assumed
equal to the index of minimum hourly wage rates for indusctrial workers. .The index
increases at appr?I}mately 2.8 percent per year from 1970 to 1974 and 60 percent

from 1974 to 1975.

The relationships in this sector are presented in figure A4. This graphical
technique is explained in Annex D.

1/ PL 480, op. ct., p. 44.
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FIGURE A4
CAUSAL RELATIONSHIPS IN THE URBAN SECTOR
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GROUNDRUT BASIN SECTOR

Groundnut Basin (GB) cereal production for income is determined bylyereal land
planted, income cereal yield, and the percentage seed use and wastage. = The ;;ac-
tion for seed use and wastage is assumed to be the sum of 10 percent for losses<
and 10 percent for seed use. If,

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

GCPIc = GB cereal production for income (metric ton)

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

GSLR = GB fraction for seed uge and wastage (dimensionless)
then,

GCPIt - (GCLIt) (GCYt) (1-GSLR)

GSIR = .20
Cereal land planted for income is equal to the product of land planted for in-

come times the fraction of income land planted to cereals. Groundaut land planted
is equal to the remainder of the GB income land planted. If,

GGLIt = GB groundnut land planted (hectares)

GLPIt = GB land planted for income (hectares)

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

GCLI = (GLPIt) (GCFPt)

GGLI =

(GLPIt) (l-GCFPt)
Table A3 gives production data for cereals and groundnuts in the Grouadnut Basin.
The fraction of income land lanted to cereals (GCFP ) 1is determined by a conm-

parison of perceived cereal and groundnut revenues per hectare. This relationship
is presented in figure AS.

1/ The-6roundnut Basin 1is assumed to comprise the Regions of Thies, Diourbel and
Sine-Saloum.
2/ Dione, op. cit, p. 19.
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YEAR

1969/1970
1970/1971
1971/1972
1972/1973
1973/1974
1974/1975

TABLE A3

MILLET AND GROUNDNUT PRODUCTION

IN THE GROUNDNUT BASINl/

MILLET

Area Yield Production
Thousand Metric Tons Thousand
Hectares Per Hectare Metric Tons

638 «543 379

626 . 385 241

681 «570 388

573 .361 207

988 .430 425

904 .670 606

YEAR

1969/1970
1970/1971
1971/1972
1972/1973
1973/1974
1974/1975

GROUNDNUTS

Area Yield Production
Thousand Metric Tons Thousand
Hectares Per Hectare Metric Tons

777 .856 665

761 .585 450

876 .940 823

623 .688 428

862 .610 526

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 AS

THE RELATIONSHIP BETWEEN THE
FRACTION OF INCOME LAND PLANTED TO CEREALS AND THE
RATIO OF PERCEIVED CEREAL AND GROUNDNUT REVENUES PER HECTARE

1.0 ”””,—’——--ir
Fraction of Income
Land Planted to Cereals

(Dimensionless)

0.3

A

o 0.3 1.0 1.8 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 valuea 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 er hectare are equal to the product of
(1) prices received by farmer times (2) the crop yield. Cereai and groundnut
prices 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)
GGRBt *= GB groundnut revenue per hectare (CFAF per hectare)
GCPFt * GB cereal price to farmer (CFAF per metric ton)
GGPFt = GB groundnut price to farmer (CFAF per metric ton)
then,
ccmt = (GCPFt) (GCYt) (UR'mt)
GGRH, = (GGPF,) (cey,)

A-14



Groundnut production is determined by (1) groundnut land planted, (2 -
nut yield, (3) seed use and wastage, and (4) on-farm consumption. On:fir; gsgfnd
fumption varies and was approximately five percent in 1973/7 .i?

GGPIt = GB groundnut production (metric ton)

GGYt = GB groundnut yield (metric ton per hectare)

GCC = GB groundnut on-farm consumption (dimensionless)
then,

GGPIt = (GGLIC) (GGYt) (1-GSLR) (1-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) 1is 6,409,000 hec-
tares and total cropped area is approximately 1,800,000 hectares.2/ It is §7sumed
based on the national average, that 30 percent of the total land is arable.=/ 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,

GLPIt = GTA" - GCLSt, such that GLPIt SGMPLPt - GCLSt

GTAL = 1,922,700.
The maximum labor available is determined by the population active in agri-

culture and maximum land planfEa'pez active person. The percent of the population
active is assumed to be 40 petcent.-/ If,

GPOPt = GB rural population (people)

PACT = fraction of population active (dimensionless)

GMLPPt = GB maximum land planted per person (hectare per person)
then,

GMPLPt = (GPOPt) (PACT) (GMLPPt)

GMLPP = 2.4

PACT = 0.4,

1/ Societe Africaine, Le Senegal en Chiffres, 1976, p. 1ll.
2/ Official statistics (2).
3/ Nelson, op cit., p. 266.
4/

4/ AID, Development Assistance Program, FY 1975, March 1975, pp. A-22, A-Z3.
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The maximum land planted per person (GMLPY) 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.l/ The relationship between
land planted per person and capital stock per person is shown in figure A6. This
relationship includes the assumption that, excluding the use 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 increased 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

Maximum Land Blanted
Per Person ’—,,——"————

(Hectares pcr -...--""

Person)

o 3333 (111 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 table A4. Depreciation is
based on an average lifetime of capitsl of 10 yeatsmz The amount of capital in
1970 1s estimated to be CFAF 2,200 million, based on table A4. If,

1/ officisl Stacistics (2.4.1)
2/ AID, Senegal Cereals Project, Project Proposal, p. 104
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(1-V

Fertilizer
(Metric Tons)
Fungicide
(Metric Tons)
Equipment
(Units)
Seeders
Hoes
Liftels
Plows
Carts
Oxen Pair

Total Value -
Fertilizer
and
Fungicide

Total Value -
Equipment

Total Value

TABinr A4

VOLUME AND VALUE OF AGRICULTURAL INPUTS IN SENEGAL

1960 - 1970 1973
Percent of Percent of
Value Total Value Value Total Value
Volume (Million CFAF) (Percent) Volume (Million CFAF) (Percent)
311,613 3,739 44 37,035 444 36
646 248 3 100 0 0
125,112 1,555 19 11,146 139 11
146,612 1,129 13 19,491 150 12
19,409 82 1 3,004 13 1
13,851 346 4 5,982 -50 12
39,899 1,085 13 8,363 227 19
1,474 219 3 3,243 95 8
- 3,987 47 - 444 36
- 4,416 53 - 774 64
- 8,403 100 - 1,218 100

Unit Valuell

CFAF12,000/Metric Ton

CFAF384,000/Metric Ton

CFAF12,430/Unit
CFAF7,700/Unit
CFAF4,200/Unit
CFAF25,000/Unit
CFA¥27,200/Unit
CFAF29,300/Unit

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




GCAPSKt = GB agricultural capital stock (CFAF)
GCAPI = GB agricultural capital investment (CFAF)
GAVREVt = GB total agricultural investment (CFAF)

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

GCAPD = GB agricultural capital depreciation (CFAF)

t
GLIC = GB average lifetime of capital (years)
then,
GCAPSKt - GCAPSKt_l + GCAPIt - GCAPDt
GCAPIt = (GAVREVC) (1-GCRIF)
GCAPDt - GCAPSKt / GLTC

GLIC = 10

GCRIF

.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 / GPOPt

1

Total agricultural investment is equal to an exponentially weighted average of
past values of the indicated total agricultural investment. This includes the de-
lays in ordering and receiving new quantities of agricultural inputs. The indicated
total agricultural investment is equal to 35 percent of farmer's receipts from
groundnut 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 Nori’ Groundnut Basin to 23 percent for 20,000 farms in the South
Groundnut Basin.=/ 1f,

GAVRVIt = GB indicated total agricultural investment (CFAF)

GRAFt = GB fraction of farmer's revenues available for investment
(dimensionless) ’

GCRt = GB farmer's revenues from cereal sales (CFAF)

GGRt = GB farmer's revenues from groundnut sales (CFAF)

1/ Official Statistics (2.4.1-5).
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Then, GAVRVIt = (GRAFt) (GCRt + GGRt)

GCRt = (GCPFt) (GCPISt)
GGRt - (GGPFt) (GGPIt)
GRAFt = ,35.

Groundnut Basin population is increased by population growth. The rural popu-
lation growth rate from 1970 for GB is assumed tolye approximately 1.5 percent per

year with a 1971 population of 1,745,401 people. = If,
GGt = GB rural population growth (people per year)
GPGR = GB rural population growth rate (dimensionless)
then,
GPOPt - GPOPt:_.1 + GGt
GGt = (GPOPC-I) (GPGR)

GPGR = ,015.

The cereal land planted for subsistence 1s determined by the desired cereal
production for subsistence, the availabie 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)

GECYt GB expected cereal yield (metric tons per hectare)

GCSKt = GB farmers cereal stocks (metric ton)
then,
GCLSt = (GDCPSt) (GECYt) (1-SLR) such that
<
GCLSt_ GMPLPt
and GCLStﬁ (GCsk,) (10)/GECY, .

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 cereal stocks (metric ton)
then,

GDCPSt = GDSSCt + GDASKt.

1/ 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, millet/sorghum, wheat, and la}ze 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 = GB desired cereal consumption per capita (metric ton per person)
then,

GDSSCC =- (GPOPC) (GDPC)

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

GDCSKt = GB desired cereal stock (metric ton)
then,

GDASKt - (GDCSKt - GCSKt)/IO

GDQSKt = (,50) (GDSSCt).

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,

GCPSt = GB cereal production for subsistence (metric tomn)
GCPINt = GB unsold cereal production for income (metriz ton)

GASSCt = GB cereal consumption (metric ton)

GCAIDt = GB donor cereal aid (metric ton)

GPCt = GB cereal consumption per capita (metric ton per person)

then,

GCSKt = GCSKt_1 + (GCPSt - GASSCt + GCPINt + GCAIDt)

GASSCt = (GPCt) (GPOPt).
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 consumption per capita depends on inventory coverage and on desired
cereal consumption per capita. Actual consumption will increase above (decrease

1/ PL 480, op. cit., Appendix I, p. 16.
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below) desired consumption as the inventery 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 / GDCSKC.

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

GCYt = GB cereal yileld (metric ton per hectare)

then,

GCPSt = (GCLSt) (GCYt) (1-GSL%).

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,

GCPISc - (GCPIt - (GDCPSt - GCPSt) (URTMt)
GCPINt = GCPIt - 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 7he high priority the GB, especially the northern area, was assigned
for relief.l

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 éer hectare)

1/ Nelsom, op. cit., p. 270.
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GGIYM = GB groundnut yield multiplier due to agricultural investment

t (dimensionless)
GCIYHt = GB cereal yield multiplier due te agricultural in ‘stment
(dimensionless)
GWM = GB rainfall multiplier (dimensionless)

GAVNFM_ = GB natural soil fertility multiplier (dimensionless)
GGFMM = GB multiplier for groundnut inorganic fertilizer use (dimensionless)

GCFMM = GB multiplier for cereal inorganic fertilizer use (dimensionleus)

then,
GGY - (GGYN)(Gwnt)(GGIYMt)((GAVNFME) + (l-GGFMMt))
GCY - (GCYN)(GHHt)(GCIYHt)((GAVNFHt)(GCFMMt) + (l-GCFHHt))

Groundnut yields have shown a decline from 1960 to 1974, while millet and sor-
ghum yields have maintained an average level. Fertilizer applied per hectare of
groundnut rose from 1961 to 65, dropped dramatically in 1967, has maintained an
average level since. Fertilizer applied per hectare of millet has generally risen
since 1960. This data is summarized in figure A7. Experts feel that groundnut
yleld may be declining due to soil depletion or misapplication of current inputs.
At least, under current conditions, these yields may have reached their ceilingvl/

The natural soil fertility multiplier is set equal to the current natural soil
fertility divided by an estimate of the 1970 natural soil fertility. The natural
soil fertility is increased by inorganic fertilizer applications and natural mineral
additions from fallow and decreased by crop production. The 1970 natural soil fer-
tility estimate is based on estimates of (1) the total amount of arable land, (2)
the amount of phosphorous, potassium, and calcium per hectare removed by groundnut
crops, and (3) the nuuber of crops that could be supported by the present soil
without additional fertilization. The unt of the above fertilizer removed by
groundnuts is 73 kilograms per hectare.Z Nitrogen is not included since ground-
nuts fix yheir own nitroger and free nitrogen leaches from the soil relatively
quickly.3/ The nunber of crops is estimated at 10 years, based on a common Sahelian
practice 2; cropping land 5 years without fertilizer and laying it fallow for around
17 years.l’ 1If,

GAVNFt = GB natural soil fertility (kilograms of minerals)

GARNAt = GB inorganic fertilizer application not removed by crops
(kilograms)

GNLNAt = GB natural mineral additions from fallow (kilograms)

GNRc = GB mineral removal by crops (kilograms)

1/ Comments of an expert on agriculture in Senegal (3.3.2)

2/ Sensgal Cereals, op. cit., p. 35.

3/ Sensgal Cereals, op. cit., p. 36.

4/ Conversation with AID Officer, David Weisenborne, June 22, 1976.
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FIGURE A7
Crcp Yields and Fertilizer Application in Sine Saloum
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GGNL = GB annua. mineral withdrawal by groundnut crop (kilograms per

hectare)
then,
GAVNFHt = GAVNFt/((GIAL)(GGNL)(IO)
GAVNFt = GAVNFt_l + GARNAt + GNLNAt - GNRt

GGNL = 73.

Inorganic fertilizer application not remcved by crops is determined by farmer's
investment on current inputs, the percent of that investment spent on fertilizer,

the percent assumad 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,
a8 shown ig table A4. The price of fertilizer to the farmer is set at CFAF 12 per

kilogram.l/ There is assumed to be a 71 percent government subsidy on imported
fertilizer.2 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. 1If,

GFRCFt = GB fertilizer price to farmers (CFAF per kilogram)

GFRCIt = GB fertilizer import price (CFAF per kilogram)

GOVFS = government fertilizer subsidy (percent)

GOVGRSt = government foreign exchange surplus (CFAF)

GFPCU = GB fertilizer percent of current investment (dimensionless)

GPFNR = GB percent of fertilizer not removed (percent)

GB fertilizer application indicated (CFAF)

GFERTI =
GFERTt = GB fertilizer applied (CFAF)

then, e
GARNA, = (GFERT)(GFPCU) (GPFNR) / (GFRCF )
GFERT, = GFERTI_  such that GFERTI /GFRCF, & GOVGRS /GFRCI,

GFPCU = .95
GPFNR = .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 traditional
fallow cycle of 15 years fallow to 5 years cropped, one-fifteenth of the mineral
;:chdtaval by groundnuts for five years is added annually by one acre of fallowvé/

us,

GNLNAt = (GTAL) (GPLPé)(I/IS) (5) (GoNL).

Minerals removed by crops depends 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/ 1 Cereals, op. cit., p. 103.
2/ 1 8, op. cit., p. 45.

3/ Veisenborne, op. cit. A-24



It 18 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 abcve these amounts, no

ere 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 = GB annual mineral withdrawal by cereal crop (kilogram per
hectare)

then,

GNRt = (GAVNFMt)((GGFMMt)(GGNL)(GGLIi) + (GCFMMt)(GCNL)(GCCIt + GCLSt)))
GCNL = 50.

The multipliers for groundnut and for millet inorganic fertilizer use are de-
termined 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 additionrl/ Thus,

GCFMM, = 1-(ccrmt / GGNL) such that GGFMMt_?_ 0

GCFMMt ‘= 1-((GCFIHt - (100) (GFRCFt))/GCNL such that GCFMM 2= 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. 1If,

GGIYHRt = GB groundnut yield multiplier from fertilizer investment
(dimensionless)

GCIYHRt = GB cereal yield multiplier from fertilizer investment
(dimensionless)

GGIYHPt = GB groundnut yield multiplier from capital investment
(dimensionless)

GCIYMPt GB cereal yield multiplier from capital investment

(dimensionless)
then,
GGIYHt = (GGIYMPt) (GGIYHRt)
GCIYHt

(GCIYMPC) (GCIYHRt).

The groundnut and cereal yield multiplier from fertilizer investment (GGIYMR

and GCIYMR) depend on the fertilizer investment per hectare for each crop. This
relationship is shown in f{gure A8. Fertillizer investment on groundnut hectare
and cereal hectare depend on the amount of fertilizer applied to each crop. If,

GGFIHt = GB fertilizer investment per groundnut hectare (kilogram per
hectare)

GCFIHc = GB fertilizer investment per cereal hectare (kilogram per
hectare)

then,
GGFIHt = ((GFERTt) (GFPCU) (GGRt/GAVREVc)/(GFRCFt) (GGLIt))

GGFIHt - ((GFBRTt) (GFPCU) (GCRt/GAVREVt))/((GFRCFt) (GCLSt + GCLIC)).

The groundnut and cereal yield multiplier from capital investment (GGIYMP and

GCIYMP) depend on the capital investment per hectare. This relationship is presented
in figure A9. 1If,

GCAPHHt = GB capital stock per hectare (CFAF per hectare)
then,

GCAPHHt = GCAPSKt/(GGLIt + GCLIt + GCLSt).
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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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The rzinfall multiplier (GWM) is equal to the index of rainfall in the GB.
index is given in table AS5. After 1973, the index is assumed to be normally

distributed with mean 1, and .05 standard deviation.

TABLE A5

Rainfall in Groundnut Basinil

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 wastaga. Non-irrigated cereal
production for income is determined by the non-irrigated land planted for income,
crop yield, and seed us7 and wastage. Table A6 gives cereal production data in the
Senegal River Valley. 1/ If,

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

SNCPIt = SR non-irrigated cereal production for inccme (metric ton)
SILIt = SR irrigated cereal land for income per crop (hectare)
SICYt = SR irrigated cereal yield (metric ton per hectare)

SICIt = SR irrigated cereal cropping intensity (crops per year)
SNT.It = SR non-irrigated cereal land for incow< (hectares)

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

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

then,

SICPIt (SILIt) (SICYt) (SICIt) (1-SSLR)

SNCPIt = (SNLIt) (SNCYt) (1-SSLR)
SSLR = 0.2

'l/ PL 480, Op. cto’ po 44
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FIGURE AlO

CAUSAL RELATIONSHIPS IN THE GROUNDNUT BASIN SECTOR
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TABLE A6

Cereal Production Data in the Senegal River Valleyl/ 2/
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 141.6 .589 83.5
1973 60.9 .126 7.7
1974 N.A.3/ N.A. 37.24/
1975 . N.A.___ N.A. - 70. 424/

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 Africzine, Le Senegal en Chiffres, Dakar,
ngQL_“gp: 100-101. - -

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

SILAt = SR irrigated land available (hectare)

SICLSt = SR irrigated cereal land for subsistence per crop (hectare)
SIHPLPt = SR maximum irrigated labor available (hectare)

then,
SILIt - SILAt - SICLSt such that SILIt:E 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. Depreﬁiation of irrigation equipment is assumed over an average life-
time of 30 years.l/ 1If,

SICt = SR total investment in irrigation facilities (CFAF)

SICGt = SR investment rate in irrigation facilities (CFAF)

SICDRt = SR depreciation rate of irrigation facilities (CFAF)

SLICt = SR average irrigation investment per hectare (CFAF per hectare)

then,

SICt - SICt_1 + (SICGC - SICDRt)

1/ Official Statistics (1.32).
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SICDRt = SICt / 30
SILAt - SICt / SLICt
SICGt = 250,000,000
SLICt = 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 = SIDCPSt / ((SICYt) (SICIt) (1-SSLR)) such that
SICLSts: SIMWLPt, and

sxcr.sts ((sxcsxt) (10))/SICYt.

Maximum irrigated and non-irrigated labor available are determined by the
population active in irrigated and non-irrigated agriculture and the maximum ir-
rigated and non-irrigated land planted per active person. The maximum land planted
per Eerson for irrigated land is assumed to be .66 and for non-irrigated to be
l.6.% £,

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

SIPOPt = SR irrigated agriculture population (people)
SNPOPt = SR non-irrigated agriculture population (people)
SILP = SR maximum irrigated land planted per person (hectare per person)
SNLP = SR maximum non-irrigated land planted per person (hectare per
person)
then,
SIMPLPc = (SIPOPC) (PACT) (SILP)
SNMPLPt - (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 popu-
lation growth. The rural population growth rate from 1970 for SR is assumed 70 be
approximately 1.6 percent per year with a 1971 population of 307,887 people.l

If,

SPOPc = SR rural population (people)

SPIFt = SR fraction of labor allocating to irrigated production

(dimensionless)
'SGt = SR rural population growth (people per year)
SGR = SR rural population growth rate (dimensionless)
then,
?IPOPt = (SPOPt) (SPIFt)

SNPOPt - (SPOPt) (l—SPIFt)

SPOP, = SPOP__, + SG,
SG, = (SPOP__,) (SGR)
SGR = .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 irri-
gated 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 ir-
rigated land due to the §7tra work involved with more than one crop unless they are
financially compensated.2’/ In the current model it is asgumed, for example, that,
double cropping will require twice the compensation needed for a single crop.
Irrigated crop hectare is also constrained by irrigated land availability. The
relationship 18 shown in figure All.

jJ Societe Africaine, op. cit., pp. 22-23.
2/ Matam, 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

(.0 tp —
Indicated Fraction of
Labor Allocated to
Irrigated Production
(Dimenaionless)
0.5
0 0.5 1.0

Net Revenue per Irrigated Population per Cropping Intensity
Net Revenue per Groundnut Population

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, associlated 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 exogenously determined in the model and are given in Table A2,
Irrigated cereal costs per hectare are assumed to be CFAF 26,000 per hectare.
Irrigated costs are assumed to be composed of production costs (e.g. fertilizer,
pesticides, etc.) and maintenance and operation costs for the irrigation facilities.
In 1974, production costs were approximately 57 percent of such costz.=/ 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)

SICHt = SR irrigated cereal costs per hectare (CFAF per hectare)

1/ Official Statistics (1.33)
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then,

SIRPt = (SICIt)((SICYc)(SILIt)(SICPFt) - (SILIt + SICLSt)(SICHt)) / SIPOPt

SNIPt - (SNCYt)(SNLIt)(SNC?Ft) / SNPOPt.

The irrigated cereal croppi:g 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 2 similar fashion as for irrigated cereal land. However,
the land is also determired 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 Al12.

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 GGPIt GGPEt.

Government foreign exchange surplus is equal to the difierence between ground-
nut export revenues and cereal import expenditures. 1f,

UR.CIHVt = cereal import expenditure (CFAF)

then,
URCIth = (URIMPt) (URCIMPt)

GOVGRSt - GOVGRt - URCIMVt.
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TABLE A7

IRRIGATED CROPPING INTENSITY, YIELDS,
AND INVESTMENT PER HECTARE

Maximum
'Crog Yields Cropping Intensity Investment per Hectare Description of
Kilogram per Hectare Crops per Year Thousand Dollars per Hectare Irrigation Facility
400l/ 1 none Traditional
(flood recession)
ago?/ 1 1,200-1,500 Partial Water
Control (controlled
flooding of polders)
1,500%/ 1 900-2,100 Partial Water
Control (with pumps)
4,000%/ 23/ 2,000-3,000 Full Water Control
N&ﬁ/ NA 2,000-3,000 Underground Watch
1/ Millet.
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 Al2
CAUSAL RELATIONSHIPS IN THE SENEGAL RIVER VALLEY SECTOR
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Table A8

GROUNDNUT PRODUCTION AND EXPORT REVENUES

i ort 1
crop verr o meaees ity o o
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
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IH;ban

ool Vi o vaAanRlADLLE DREFINLITIONS

Variable

Name

IMAxt
GOVDM
TOTCPSt
URACPt
URARPt
URCIMlt
URCIMPt

URDCONt

URDCPt

URDCSMt

URDDASt
URDDPt
URDDSKt

URDEHC
URDIASt

URDISKt

URDPCC

URDRDt
URDSKt

URGt

. 1)

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 miliet and sorghum
price (CFAF per metric ton)

urban millet and sorghum stock multplier

(dimensionless) _

desired additions tc 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 cupita
(metric tons per person)

urban demand for domestic rice and
wheat (metric ton)

domestic cereal htocks for urban
consumption (metric ton)

urban population growth (people per
year)
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INDEX OF VARIABLE DEFINITIONS (cont'd)

Variable Variable Page
Subsector Name Definition Defined
URGR urban population growth rate A-8
(dimensionless)
URICONt urban consumption of rice and wheat A-6
(metric ton)
URICSMt urban rice and wheat stock multiplier A-6
(dimensionless)
URIELA income elasticity of cereal demand A-8
URIFt fraction of urban cereal demand supplied A-1
by rice ani wheat (dimensionless)
URIRDt urban demand for imported rice and A-3
wheat (metric ton) !
URISKt rice and wheat stocks for urban A-6
consumption (metric ton)
URPELA price elasticity of demand A-8
(dimensionless)
URPOPt urban population (people) A~8
URRF fraction of urban rice and wheat
demand supplied by imports (dimensionless) A-3
URTMt fraction of domestic rice-and wheat - A-7
production bought by the urban sector
(dimensionless)
URTMR fraction of domestic rice and wheat A-7
€ production bought by the urban sector
(dimensionless)
Groundnut Basin GARNA GB(Groundnut Basin) inorganic fertlizer A-24
t application not removed by crops
(kilograms)
GASSCt GB cereal consumption (metric ton) A-20
GAVNFt GB natural soil fertility (kilograms A-24
of minerals)
GAVNFMt GB natural soil fertility multiplier A~24
(dimensionless) :
GAVRVIt GB indicated total agricultural A-19
investment (CFAF)
GCAPDt GB agricultural capital depreciation A-18
(CFAF)
GCAPHt GB agricultural capital stock per A-18

person (CFAF)
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INDEX OF VARIABLE DEFINITIONS (cont'd)

Variable
‘bgector Name

GCAPHHt

GCAPIt

GCAPSKt

GCC

GCFHMt

GCFPt
GCIYM
GCIYMP
GCIYMR
GCIYM

GCLI

GCLS

GCov
GCPI1

GCPINt

GCPISt

GCPS

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 (dinensionless)

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 pruvdueriea for sadststence
{metric 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



INDEX OF VARIABLE DEFINITIONS (cont'd)

Variable Variable Page
Subsector Name Definition Defined

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

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

GCRIF GB fraction of total investment A-18
allocated to current inputs

GCSKt GB farmers cereal stocks (metric ton) A-20

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

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

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

GDCSKt GB desired cereal stock (metric ton) A~20

GDSSC GB desired subsistence cereal A-20

t

consumption (metric ton)

GFERTt GB fertilizer applied (CFAF) A-24

GFPCU GB fertilizer percent of current A~24
investment (dimensionless)

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

GGFIH GB fertilizer investment per ground- . A-26
nut hectare (kilogram per hectare)

GGFMMt GB multiplier for groundnut inorganic A-25
fertilizer use (dimensionless)

GGIYMt GB groundnut yield multiplier due to A-26
agricultural investment (dimensionless)

GGIYMPt GR groundnut vield multiplier from A-26
capital investment (dimensionless)

GGIYMRt GB grounduvt yield multiplier from A-26
fertilizer investment (dimensionless)

GGLIt GB groundnut land planted (hectared) A-12

GGNLt GB annual mineral withdrawal by ground- A-24
cron (kilogram ner hectare) :

GGPIt GB groundnut production (metric ton) A-15

GGR GB farmer's revenues from groundmut A-19

t sales (CFAF)



Coaector

Senegal River

(jlley

INDEX OF VARIABLE DEFINITIONS (cont'd)

Variable

Name

GGRHt

GGYt

GLPI
GLTC

GMLPP

GMPLP

GN'LNAt

GNR

GPFNR
GPGR
GBLFIt

GPOPt

GRAF
GSLR
GTAL

PACT

SG

Variable
Definitions

GB groundnut revenue per hectare
(CFAF per hectare)

GB groundnut yield (metric ton per
hectare)

GB land planted for income (hectares)
GB average lifetime of capital (years)

GB maximum land planted per person
(hectare per person)

GB maximum labor available (hectare)

GB natural mineral zdditions from
fallow (kilograms)

GB mineral removal by crops (kilograms)

GB percent of fertilizer not removed
(percent)

GB rural population growth rate
(dimensionless)

GB indicated fraction of land fallow
(dimensionless)

GB rural population (people)

GB fraction of farmer's revenues

available for investment (dimensionless)

GB fraction for seed use and wastage
(dimensionless)

GB total arable land (hectare)
fraction of population active

(dimensioriess )

SR(Senegal Rivér Valley) rural
population growth (people per vear)

A-42

Page

Defined

A-14

A-21

A-15
A-18

A-16

A-15

A-24

A-25
A-24-

A-19

A-21

A-19

A-19

A-12

A-15

A-15

A-32
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ﬁ:sector

INDEX OF VARIABLE DEFINITIONS (cont'd)

Variable
Name

SGR

SICt

SICDRt
SICGt

SICLSt
SICPIt

SILAt

SILIt
SILP
SIMPLPt
SIPOPt
SIRPt
SLICt
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



;sector

Government

INDEX OF VARIABLE DEFINITIONS (cont'd)

Variable

Name

SNPOPt
SNRPt
SPIFt

SPOPt

SSLR

GOVGR

GOVGRSt

URCIMVt

SR non-irrigated agriculture popula-

Variable

Defination

tion (people)

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

SR fraction of labor allocated to
to irrigated production (dimensionless)

SR rural population (people)

SR fracticen for seed use and wasgtage

(dimensionless)

groundnut revenues from exports (CFAF)

government foreign exchange surplus

(CFAF)

cereal import expenditure (CFAF)

A-44

Page
Defined

A-32

A-34

A-32
A-32
A-28
A-34

A-34

A-34
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COMPUTER PROGRAM FOR MODEL
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ANNEX C

THE PROGRAMMING LANGUAGE FOR THE MODEL

The relationships discussed in annex A, once mathematically represeY;ed,
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 beh7vior on the computer, and prints the simulated values
of the model variables.Z2

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 ap-
proximations; (4) it provides easy to read graphical and tabular cutput; 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-
gramm%ng model in DYNAMO.

1/ 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 other endogenous variables.
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ANNEX D
AN’ EXPLANATION OF A GRAPHICAL TECHNIQUE FOR PRESENTING MODELS

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

The author's hypothesis is that plant cover is determined by the amount of
annual rainfall and the north . n reach of the monsoon. As the amount of rainfall
increases or as the monsoon - 3 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 veach ag far north.

This hypothesized model indicates that drcughts tend to "feed on themselves."
If a monsoon does not Produce much rain and does not reach as far north as normal,
Plant cover decreases and more dust is generated. The extra dust increases the
Severity of the drought.

This model is presented in Figure Dp, The arrows indicate the direction
of effect. 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 negative
8ign 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.

4

1/ Macleod, N., "Dust 1n the Sahel: Cause of Drougkt?,” The Politics of
Natural Disaster, ed. Michael Glantz, Praeger Publishers, New York, 1976,
P 214-231.
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Figure p1

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, Praeger
c————oms DL Satural Disaster
Publishers, New York, 1976, p 214-231.
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