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CHAPTER I

INTRODUCTION

A. The Purpose of the Paper

The purpose of this paperlis to analyze some effects of export
and food crop strategies on farm income and food self-sufficiency at
the household level in the Eastern and Upper Casamance regions of

Senegal. The objectives of the government of Senegal include food

sel f-sufficiency and export crop expansion through crop diversification.

Over the last twenty years, extension programs have emphasized the
introduction of cotton and maize. Although maize seems to have found
its way easily in the existing farming system, the performance of
cotton is less clear. After an.initia1 rapid expansion, cotton
acreage and production started to decline from the mid 70's. This
raises questions about the long-term suitability of cotton and
emphasizes the need for additional research into what happens when
new crops are introduced into the farming system, with possibie
implications for policy-making.

Crop diversification as a strategy of development is dictated by
the necessity to diversify national export earnings and reduce risk
and uncertainty at the farm level. However, a policy which might

appear sound at the macro level may be seen in a different light by the

small farmer. There are two major questions about cash crops. First,
are the returns in good years sufficient to offset the losses in

1
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bad years? Second even in good years, are the returns to cash crops
high engugh to enable the farmer to meet the food needs of his
family? A personal observation is that the Senegalese small farmer
asks himself these types of questions, particularly the second one.
Whatever may be the tenor of the officiai crop diversification policy,
priority is likely to be given to the food crops in his farming system.

A central hypothesis of development theory is that farmers
respond to prices and that farmers maximize income subject to certain
constraints such as meeting family food needs. Therefore a policy of
diversification which does not take into account farm level constraints,
such as minimum food production, has Tittle chanéé of success. In an
agriculturally based'economy, the macro and micro issues are so inter-
related that it would be unwise to look at them separately. This
paper undertakes a preliminary analysis of a particular crop diversifi-
cation strategy—introduction of cotton—taking into account farm level

constraints which might influence farmers' decision-making.

B. Background

The Republic of Senegal is a small country on West Africa in the
Soudano-Sahelian zone. It covers 196,722 square kilometers, with a
population estimated in 1980 at 5.7 million and growing at 2.8 percent
annually. The climate is characterized by two seasons: a dry season
(from November to June) and a rainy season {from July to October). The

volume of rainfall increases from north to south and also from west to

east, ranging from about 300-400 millimeters in the north and west to

1300-1400 millimeters in the east and south.
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As in many LDC's, agriculture plays a basic role in the
Senegalese economy: it employs about 70 percent of the active popu-
Tation and is the basic source of foreign exchange earnings. Peanuts,
millet/sorghum and rice have for a long time been the major crops of
Senegal: peanuts for export to provide foreign exchange, the other
grain crops for food. From the early 60's, cotion and hybrid maize
have been gradually 1ntrodu§ed as diversifying crops. Cotton flourished
in Eastern Senegal and Upper Casamance but reached a peak of 45,000 T
in 1977. It then declined steadily to 20,000 T in 1980 (Table 1).

Maize is grown mainly in Eastern Senegal, Casamance and the
Fleuve regions. SONED (1980) reports the following proportions of
maize production among regions between 1974 and 1976: Casamance, 33
percent; Fleuve, 15 percent; and Eastern Senegal, 43 percent. There
is evidence also that the demand for maize seeds is strong. Self-
sufficiency in maize as well as in other food crops has not yet been
achieved.

The six priorities of the Senegalese agricultural policy are laid
out in the Sixth Four Year Development Plan, 1981-1985 as follows:

1. Food self-sufficiency: because of the low growth rate of

cereal production (1.6 percent) fgia high population growth rate (2.8
percent), emphasis will be placed on increasing cereal production
through price incentives, rationalizing post-harvest operations such as
marketing, storage, processing and distribution, and changing consump-
tion patterns to reduce cereal import, mainly rice and wheat.

2. Improvement of the rural standard of 1iving, mainly through

a better remuneration for agricultural production.




TABLE 1

Evolution of Cotton Production in Senegal
for the Period 1968/69 - 1980/81

YEARS HECTARAGE PRODUCTION YIELD
(Ha) (T (Kg/ha)

1968/69 6,447 938 1,534
1969/70 9,805 11,500 1,172
1970/71 13,618 11,843 870
- 1971/72 18,318 21,547 1,176
1972/73 20,359 23,461 1,161
1973/74 28,630 33,977 1,155
1974/75 38,588 43,375 1,098
1975/76 37,483 30,685 819
1976/77 43,845 45,207 1,031
1977/78 47,109 37,166 789
1978/79 48,299 33.805 700
1979/80 30,908 26,868 869
1980/81 29,913 20,607 688

Source: SODEFITEX Annual Reports, 1979/80, 1980/81.




3. Reduction of the variability of agricultural production

through better water control.

4. Reduction of regional differences—more responsibility given

to the regional development agencies, the objectives of which have been

enlarged to an "integrated development."

5. Promotion of rural participation in the management of rural

activities, mainly through cooperatives which will take care of the
marketing of agricultural products and gradually the organization of

the seed supply.

6. Improvement of the balance of trade, through the development

of crops for import substitution and the diversification of agricul tural

export products. (Marchés tropicaux, 1981)

c. Problem Statement and Objectives

The steady decline of cotton production since 1977 raised
concerns about the long-term prospects for cotton and has led to
increased research into alternative paths for agricultural development
in Eastern Senegal and Upper Casamance. Beginning in the late 70's a
study was undertaken by SONED {(Societé Nationa]e.d’Etudes de Développe-
ment) and Courtoy to analyze a major integrated rural development
project (Projet de développement rural au Sénégal Oriental et en Haute
Casamance) in Eastern Senegal and Upper Casamance. The major objec-

tives of the proposed project were to:

- achieve food self-sufficiency

- increase cotton production

- b e, ) e ey
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- increase peanut production or at least stabilize production
The main proposed approach for attaining these objectives was through
intensification. Intensification involves the introduction of high
yielding varieties, advanced cultivation practices, and animal traction.

This paper picks up on some of the questions raised by the SONED-
Courtoy study, particulariy:

1. To what extent can the use of animal traction equipment
assist in achieving the three project objectives?

2. Can the introduction of additional animal traction equipment
(seeder and weeder) increase cotton and peanut production without
reducing food production?

3. How much of an 1ncﬁ$se.in income can a small farmer expect
from the introduction of additional animal traction equipment?

To answer these questions a linear prbgramm1ng model will be constructed. :
The model will maximize revenues above variable costs, subject to the ;
provisiqn of an adequate level of family food supplies. g

The specific objectives of this study are fo: |

1. To develop a 1inear programming model of a representative g
farm household in three natural zones of Eastern Senegal and two
in the Upper Casamance. The model incorporates an improved level of

agricultural practices, including the use of fertilizer and animal :

traction for plowing purposes on certain crops (maize, cotton, rice}.
The model requires each household to produce 80 percent or more of its i

food consumption requirements.
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2. To analyze the trade-off between export and food crops,
with particular attention to the effects on farm income. Sensitivity
analysis was performed by introducing changes in the relative prices,
level of technology, and level of food se]f-sufficiency at the house-
hold level.

3. To derive policy implications.

D. Description of the Area

The zone of interest is within the region covered by the extension
service SODEFITEX (Societe de Developpement des Fibres Textiles). It
covers approximately 72,000 square kilometers, with a population den-

sity of 7.7 inhabitants per square kilometer. The rainfall varies

from 900 millimeters in Tambacounda to 1300 millimeters in Kedongou in

Eastern Senegal and from 1073 millimeters in Velingara to 1230 milli-

meters in Kolda in Upper Casamance (SONED, 1980). The rainy season
usually starts in June and ends in October.

An initial study by SONED-SODETEG (1977) disaggregated the region
of Eastern Senegal into five natural zones—zones A, B, C, D, E—
according to the climate, geomorphology, the availability of arable
soils and types of agriculture (rainfed or irrigated). The Upper

Casamance was considered as one natural zone and was represented by the

Tetter F.! Each natural zone has been subdivided into homogeneous
natural subzones according to the pedology and agricultural orienta-

tion. Thus, zone A is subdivided into Al and A2; zone B into B1, BZ,
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B3, B4 and B5; zone E into E1, E2 and E3; zone F into F1 and F2. An
exception, however, occurs in zones C and D where “pedological parti-

cularities" were not found by the SONED study.

VEastern Senegal and Casamance are two different administrative
regions, but the area under study covers Eastern Senegal and part of
Casamance, namely Upper Casamance, where cotton is grown.




CHAPTER II

ECONOMIC FRAMEWORK FOR THE
ANALYSIS OF THE PROBLEM

A. Macro Rationale for Crop
Diversification

1. Diversification of
Export Earnings

One of the top priorities of the sixth Development Plan (1981-
1985), besides national food self-sufficiency, is the "improvement of
the balance of trade through import substitution and diversification
of agricultural export products" {Marchés tropicaux, 1981). For a
long period peanuts have been Senegal's primary export crop, averaging
50 percent of the total value of exports from 1967 to 1977 despite a
downward trend since 1968 (see Table 2). But as pointed'out by C.
Jabara (1979), the "revenues from peanuts are highly susceptible to
variations in world prices and to variations in domestic yields." Out
of concern for this variability, the government of Senegal in the early
60's favored the introduction of a more drought-resistant crop, cotton,
which from 1969 to 1977 provided benefits to the government through
the "Price Stabilization Fund" {Caisse de Péréquation et de Stabiliza-
tion des Prix) (see Table 3). Nevertheless the share of cotton of
total agricultural export products is small (about 2 percent) relative

to peanuts (about 25 to 77 percent).

11
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TABLE 2

Exports of Peanut Products and Total
Products in Senegal 1967 - 1978

Value of Peanuta/ Total Value Percgntage ;
YEAR Products Exports— of Exports of Total ;

(mil1ions CFA) (mil1ions CFA) Exports ;
1967 25,317 34,045 77.3 ?
1968 25,914 37,485 7.8 3
1969 17,153 31,900 53.8 §
1970 20,444 43,200 48.4 ;
1971 12,388 34,700 35.7 §
1972 28,788 54,312 53.0 :
1973 15,275 43,237 35.3 é
1974 33,977 93,973 26.2 %
1975 40,318 99,101 20.7 é
19762/ 64,342 115,925 55.5 é
19772/ 74,226 152,920 48.5 ;
1978/ 23,539 101,402 23.2 |

SOURCE: C. Jabara: Agricultural Comparative Advantage b
Under Uncertainty: The Case of Senegal, p. 9. :

dIncludes peanuts, peanut oil (refined-unrefined) and cake. E

beompleted from B.C.E.A.0., No. 288, Nov. 1980. ;




13

TABLE 3

Evolution of Income from Cotton Credited to the
Account of "Price Stabilization Funds"@

YEAR BENEFITS
1968/69 20,839,157 CFA

1969/70 73,029,715 CFA ‘
1970/71 69,838,653 CFA ;
1971/72 366,737,189 CFA %
1972/73 327,900,592 CFA §
1973/74 1,192,554,514 CFA |
1974/75 188,868,129 CFA

1975/76 5,230,126 CFA ;
1976/77 1,147,916,471 CFA :
1977/78 (-760,000,000)CFA

1978/79 N.A.

SOURCE: SODEFITEX, mimeo, March 1980. ?

Aucaisse de Péréquation et de stabiliza-
tion des Prix."
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2. Food Import Substitution

Diversification of food crops may also reduce the amount of
imported foodstuffs. The Fifth Development Plan (1977-1981) stated
that "for many reasons, the government is better off promoting actions
towards cereals import substitution." C. Jabara (1979) notes that the
"greatest source of international price uncertainty for Senegal is the
price of peanut products and in the import price of rice." The Banque
Centrale des Etats de 1'Afrique de 1'Quest (BCEAO, 1980) reports that
impqrt and export price indices varied widely from 1967 to 1977. Over
the same period, the export price index was rarely higher than the
import price index (see Table 4). The need for import substitutions
becomes apparent when it is observed that the annual cereal deficit is
about 300,000 T, two-thirds of which is rice. Furthermore, over 50 per-
cent of the foreign exchange derived from the sale of peanuts is used
to import cereals, mainly rice. The need for import substitutions is
supported by the findings of C. Jabara (1979), who points out that
Senegal's comparative advantage in exporting peanut products in exchange

for cereals may not hold when price uncertainty is taken into account.

B. Problems at the Farm Level of
Lrop Diversification

So far we have concentrated on ﬁhe ma jor advantages of diversi-
fication for a country like Senegal. But how will this strategy affect
farmers? It should be understood first that the small farmer has prac-
ticed diversification long before it became a national policy. Dalrymple
(1970), Norman et al. (1979) have described indigenous mixed cropping

systems undertaken by small farmers as risk-minimizing strategies.

e e e
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Therefore, one might expect some problems to arise at the farm
level when new crops such as cotton or soybeans are introduced and

pushed heavily.

1. Seasonal Distribution of Labor
Among Competing Crops

Diversification of crops in Eastern Senegal and Upper Casamance
may face labor constraints. Although Eastern Senegal and Upper
Casamance cover approximately 30 percent of the Tand area of the
country, they contain only 20 percent of the population. In Upper
Casamance the population density is 18 inhabitants per square kilo-
meter, and in Eastern Senegal it is only 5 inhabitants per square

kilometer. These very low population densities are bound to have a

significant influence on the future course of agricultural development.

Many authors have pointed out that labor availability is frequently a
greater constraint to increasing agriculture production than the
availability of land. "As a result" writes U. Lele (1975), "techno-

logical innovations which require intense labor input, often may not

result in the full realization of the potential production increases."
This is particularly true for cotton, as indicated by numerous examples
around the world. J.H. Cleave (1974) describes the heavy labor demand
among cotton farmers jn Sukumaland, Tanzania, during the weeding and
harvesting periods for other crops. Norman et al. (1979) discuss the
same problems of allocating lTabor between weeding food crops and cotton
in Northern Nigeria. In his paper "analyse des constraintes qui

Timitent le rendement du cotonnier en culture paysanne en Haute

SR p—
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Casamance, Sénégal," A. Ange (ISRA, 1981) notes that cotton is planted
and weeded after the food crops (millet/sorghum), reflecting the same
labor seasonability and time allocation problems.

T.W. Schultz {1964) has characterized the small farmer in LDC's
as "poor but efficient." Given the available labor and capital, he
cannot produce more than he is currently producing, assuming a fixed
technology; thus, he finds himself in a "technical and economical trap"
(Stevens, 1977). A crop diversification policy, by introducing pos-
sible competition for labor between the different crops, can upset
this equilibrium. The farmer, who is the ultimate decision-maker,
will be forced to put into his "allocative equation” a new set 'of con-
straints. He will have to come up with a new set of solutions, some-
times in conflict with recommendations from the research station and !
extension services. {

A multi-disciplinary team in Northern Nigeria compared traditional %
cotton farming practices yielding 200 kilograms per hectare with a new
package capable of producing over 1,500 kilograms per hectare and

found that the new cotton package was not accepted because it

involved a major (and it would seem unacceptable) change in the

farmer's cropping system (Norman et al., 1974 and 1975). é
The evidence provided by these and other studies suggests that

a national policy of diversification in Senegal may upset the small

farmer's traditional equilibrium by introducing competition for his

Timited supply of labor.
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2. Export and Food Crop
Interactions

Some theoretical issues in export food crop interactions have
been raised by H. Myint, who argues that an expansion of cash crops
could take place where there is a "surplus of land and surplus labour

-over and above minimum subsistence requirements [of the peasant
farmers]. With this margin of productive capacity, the peasants could
take to the production of cash crops for the export market without
reducing their subsistence output” (Myint, 1973). He also notes that
in some cases like rice in the Southeast Asian countries, where this
crop [rice] was at the same time a subsistence and an export crop, the
question of reducing subsistence output did not arise.

However, when land or labor is not in surplus, problems can be
expected, particularly when the "peasants are only partifally committed
to the production of cash crops, and the 1argek proportion of their
resources is still used to for their subsistence production" {Myint,
1973). One possible problem in Senegal may be the decrease of food
grain production as a result of export-food crop interactions at the farm
level .

Uma Lele {1975) addresses this issue in the context of West
Africa. She notes that "reviews indicate how promotion of export

crops in the absence of a more profitable food technology may reduce

the [food] supplies available for domestic consumption...". She adds:

Anderson, like Collinson, in his review of the CFDT cotton
development scheme in Fana, Mali, also observed an adverse
effect of export crop specialization on food availability
in the program area and the consequent readjustment of the
farming system to ensure domestic food supplies. As a
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result of cotton promotion, the ratio of food area to cotton

area was less than 2:1 in 1971, With the failure in rainfall

during the 1971/72 season, food crop production declined

considerably. In the period 1972/73 the ratio of the food

crop to cotton area increased to 3:1.
A decrease in food grain production might also be the result of
unbalanced pricing incentives. Farmgate prices are set every year by
the Senegalese government, which is the sole purchaser of the main cash
crops (peanuts and cotton) through public or semi-public agencies (see %
Table 5). A very low percentage of food crop production (6 to 10 per- |
cent) s sold at harvest at the official market price; a substantial
portion is sold Tater at higher prices in local markets. Pricing incen- é
tives favoring cash crops may lead to a decrease in the allocation of
land and tabor to food crop production. This may lead to an increase
in imported foodstuffs, not only for the urban areas, but also for the
rural areas. (A second order effect, however, might be an increase in
food prices in the rural areas and eventually a substantial shift away '
from cash crops back into food crops.)

C. Need for a Better Understanding
of the Farming System

Sara Berry (1980) is certainly correct in pointing out that
"diversification pays". The question is, what type of diversification,
and how much does it pay? Norman et al. (1974) emphasize the need for
a new crop to fit into the existing farming system. However, over-

emphasis on a single crop might lead to imbalances at the farm level,
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TABLE 5

Evolution of Producer Prices
in Senegal in F CFA/Kg

Years Peanuts Cotton Millet Maize Rice 5
Paddy g
1964-65 (64)  19.54 33 16 14 21 |
1965-66 (65)  20.20 33 16 14 21
1966-67 (66)  19.77 33 17.5 15 21
1967-68 (67)  16.60 33 17.5 15 21
1968-69 (68)  16.60 28 17.5 15 21 ]
1969-70 (69)  15.59 28 17.5 16 21 ;
1970-71 (70) 17.60 30 17.5 16 21 -
1971-72 (71)  23.10 30 17.5 16 21 ;
1972-73 (72)  23.10 31 17.5 16 21 ;
1973-74 (73)  25.50 34 25 20 30 g
1974-75 (74)  35.50 42 30 22 4.5 §
1975-76 (75)  41.5 47 30 25 4.5 |
1976-77 (76) 41.5 49 35 35 41.5 5
1977-78 (77)  41.5 49 40 37 2.5 1
1978-79 (78)  41.5 49 40 37 4.5 §
1979-80 (79)  45.5 55 40 37 41.5 |
1980-81 (80) 50 60 40 37 4.5 a
1981-82 (81) 60 68 50 47 51.5

SQURCE: Direction generale de la Production agricole,
SODEFITEX, CILSS, Marchés tropicaux, 1981.




Evolution of Relative Prices with Respect to
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TABLE 6

Millet/Sorghum for the Period 1970-1980

PG ¢ Pg Mz PR

YEAR PM PM PC PM PM
1970-71 (70) 1.00 1.71 .58 91 .20
1971-72 (1) 1.32 1.71 77 9 .20
1972-73 (72) 1.32 1.77 74 91 .20
1973-74 (73) 1.02 1.36 .75 .80 .20
1974-75 (74) 1.18 1.4 .34 .73 .38
1975-76 (75) 1.38 1.56 .88 .83 .38
1976-77 (76) 1.18 1.4 .84 1.0 .18
1977-78 (77) 1.03 1.22 .34 .92 .03
1978-79 (78) 1.03 1.22 .84 .92 .03
1979-80 (79) 1.13 1.37 .82 .92 .03
1980-81 (80) 1.25 1.5 .88 .92 .03
1981-82 (81) 1.20 1.36 .88 .94 03

PG = Price
PM = Price
PC = Price
PMiI= Price
PR = Price

of Groundnuts

of Millet
of Cotton

of Maize

of Rice

PP Tt KA T 22
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which might easily spread to the macro level, particularly in a coun-
try like Senegal, where the small farmer is basically the "engine of
growth.” There is a need for better understanding of the traditional
farming system to enable development planners better to anticipate the
impact of macro-level policies, at the farm level.

The purpose of this péper is to analyze crop diversification at
the farm level using a linear programming approach. The analysis will
maximize revenues above variable costs, subject to the satisfaction of
an adequate level of family food consumption. However, the reader is
warned that dealing with all the issues related to crop diversification
is beyond the scope of this paper. Tﬁé adfhof hbpes that the pre-
Timinary results from this study, handled with the appropriate caution,
might enhance policy-making and suggest directions for further studies

in this area of Senegal.

A i, e T T




CHAPTER I1I

CHOICE OF A METHODOLOGY AND
SOURCES OF DATA
Many analytical tools are now available for farm management
studies in LDC's. C.K. Eicher and D.C. Baker (1982) provide a review
of different analytical techniques used in smallholder studies in
Africa. Regression analysis, for example, has been used for farm pro-
duction functions and determinants of resource use by Norman, Pryor and
Gibbs in 1979 in Nigeria, and for supply responses by Norman et al.
(1975) in Nigeria, and A. Ange {1981} in Upper Casamance (Senegal).
Norman, Pryor and Gibbs showed that "farmers were in general allocating
resources to crop production in a manner consistent with the goal of
profit maximization," with dependent variable being the value of pro-
duction derived from crop production and the independent variables
being cul tivated area, family labor, hired labor, fixed and variable
costs, and dummy variables to take account of differences in location,
They showed mainly the relationship between farm income and the dif-
ferent variables and the determinants of resource use. A. Ange in
Upper Casamance (Senegal) showed the relationship between cotton yield
and sowing date, soil ph, amounts of clay and silt, and organic
matters, concluding that cotton farmers "lose in average 46 kg/ha for
every late sowing date—sowing date with respect to the first useful

rain." Despite many specification problems, such as choice of a

23
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functional form, measurement and aggregation of input and output,
regression analysis remain a valuable analytical tool. But it is
inappropriate for decision-making with respect to how much of what
resource ought to be used on a given farm.

Budgeting s another analytical tool available for assessing the
performance of a farm. Budgeting was used by J.P. Rigoulot (1980} to
assess the profitability of rice cultivation in the Casamance region

of Senegal. Despite numerous methodological issuesl budgeting remains

a2 valuable ahélytica1 téchﬁique whiﬁh can bé used td examine one
enterpri;e at a time in farm analysis. Budgeting usually is used to
compare two or three alternative farm organizational plans. It would
be very time consuming and costly to use budgeting to determine which
of 20 or 30 djfferent organizational plans would be most profitable

under a crop diversification policy.

Linear programming is a powerful tool of analysis which can be
used to Took at several budgets of a farm at a time and depict the
optimal enterprises in a profit-maximization or cost-minimization con-
text. Linear programming has been used in Africa from the early 60's
(Clayton, 1961; Heyer, 1966) and its use for farm analysis in the Sahel
region is underway (Richard, Fall, Attonaty, 1977; Niang, 1580;
Kamuanga, 1981). We have chosen a linear programming approach since
we want to identify a set of recommendations for the regional develop-
ment agency in charge of integrated agricultural development in this

region of Senegal.

]See C.K. Eicher and D.C. Baker, Research on the Rural Economies
of Sub-Saharan Africa—A Critical Survey, MSU, p. 80.

P o A SN g s i e 58 0
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Linear programming can be criticized because of its basic
assumptions (1inearity, additivity, divisibility, parameters known
with certainty}. It can also be criticized because of the assumed
objective of profit maximization {(which is not always appropriate),
because of the lack of adjustment which occurs when the program
focuses only on a one-year period (Palmer-Jones, 1977); and because
of the aggregation bias that may occur when the analyst infers "region
—or country-wide policy implications from the results of individual
farms" (C.K. Eichér, D.C. Baker, 1982)] Despite all these criticisms,
linear programming remains one of the most valuable tools of ‘analysis
available for the problem posed in this study. A.R.C. Low (1978) warns
about the danger of falling into the trap that Forrester (1961)
cautioned against:
There is algenera1 misunderstanding to the effect that a
model cannot be undertaken until every constant is known to
a high degree of accuracy. This often Teads to the omission
of highly significant factors, sometimes termed intangibles,
because they are "unmeasurable". To omit such variables is
equivalent to saying that they have a zero effect—probably
the only value that is known to be wrong.
A.R.C. Low (1978) concludes that: "...despite the data problem,
appropriately specified linear programming models can make a signifi-

cant contribution to the understanding and development of peasant

farming systems."

Sources of Data

Secondary data have been used in this paper. The diversity of

sources reflects the difficulty of getting reliable data. The SONED

Tsee also Paimer-Jones (1979): “Linear Programming Analysis of
Peasant Farming: Rejoinder} Journal of Agricultural Economics 30(2),
pp. 199-203.
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study (Projet de developpement rural au Sénegal oriental et en Haute
Casamance) and the SQDEFITEX annual reports 1979/80, 1980/81 provided
the majority of the data. The SONED study defined the representative
farm households used, based on "the interpretation of data from a
random sample of 88 farm households" in the counties [départements]
of Tambacounda and Bakel (SONED, 1980). In the counties of Velingara
and Kolda, the representative farms have been defined by the SONED
study based on information from the office of agricultural production
and SODEFITEX.

The same SONED study provided information about the input-output
coefficients per crop, the resource availability [land and labor] in
the different representative farm households, and yields under a higher
level of technology, such as the use of animal-powered plowing, seeder
and weeder. The SODEFITEX annual reports 1979/80, 1980/81 provided
the estimates of yields under the first level of technology in the
di fferent representative farms. An earlier SONED study (Etude sur la
commercialisation et le stockage des cereales, 1377) provided the esti-
mates of rural annual consumption per capita of different products used
in the paper as constraints of family coﬁsumption. For the cost esti-
mates, information from various sources has been used, such as SODEVA
(Société de Développement et de Vulgarisation Africole, 1981),

Sargeant et al. (1981); I. Séne (1980); J.P. Rigoulot (1980). The

producer prices used in the analysis came from Marches Tropicaux {1981).

Estimates of buying prices for different commodities come from

personal communications.




CHAPTER 1V

THE LINEAR PROGRAMMING MODEL

The standard linear programming model is in the form:

Max £ = Z C; X;

subject to:

X aij

where £

K

aij
by

i

J

gross returns (total revenues above variable costs)

the different activities (or decision variables), which
cannot be negative (Xj > 0}

cost of production or returns of the activities per unit
of land or product

input-output coefficients for the different activities

amounts of factor available, or constraints.

The 1inear programming tableau appears at the end of the chapter. This

chapter presents a brief description of the location and description

of households and of the different components of the tableau such as,

objective function, activities, constraints, labor periods, underlying

assumptions and relative prices.

Location and Description

of Households

For this paper we will use five representative cotton-producing

farm households previously identified by SONED (see Table 7). The

27
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three cotton farm households in the Tambacounda county are associated

with:

- The natural zone B4, including the SODEFITEX areas of inter-
vention: Dialacoto, Tamba SO and Missirah (I).

- The natural zone D, including the SODEFITEX area of interven-
tion: Boundou (II).

- The natural zones Al, B1, B3, B5, including the SODEFITEX
areas of intervention: Tamba NE, Koussanar, Dianké, Maka and Kothiary
(111). |

The two cotton farm households in the counties of Velingara and
Kolda are associated with

- The natural zone F2, including the SODEFITEX areas of interven-
tion: Pakour, Linkering and Kounkané (IV).

- The natural zones F2/F1,] including the SODEFITEX areas of
intervention: Velingara-ouest, Kolda Sud, Dabo and Velingara Centre

(v}.

The Objective Function

The objective function is set to maximize revenue above variable
costs, subject to the satisfaction of a minimum level of food supplies,
which fs assumed to be the top priority of the household. It is iﬁ
general consistent with the goal of profit maximization (Norman et al.,

1979) and with the goal of food self-sufficiency.

]Here there is an overlapping of two administrative counties,
Kolda and Velingara.
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TABLE 7

Characteristics of the Different Households, 1980

NATURAL ZONES

Characteristics B, b Ay By Fy Fo/F,

B3 Bg
I 11 III v | v

Number of people 9.5 [9.5 | 9.5 11.8 |11.8
Number of active persons 4.6 (4.6 4.6 5.7 5.7
Man-day equivalent 1080 {1080 1080 1332 1332
Peanuts (ha) 1.14 [1.14 1.14 2.05 2.05 |
Millet/Sorghum (ha) 2.88 [2.88 | 2.88 | 1.80 | 1.80 §
Maize (ha) 42| 42 | .42 .50 | .50 §
Rice {ha) .03 | .03 .03 .45 .45 E
Cotton (ha) 2.05 |1.22 {1.12 | 2.11 | 1.08 §
Total Acreage (ha) 6.52 |5.69 5.59 6.91 5.88

SOURCE: SONED (1980).
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Activities

Production activities are defined for peanuts, millet/sorghum,
cotton, rainfed maize and rice. Family consumption activities are
defined for millet/sorghum, maize, rice, and peanuts. For family
consumption requirements, it is assumed that the rural person annually
consumes on average 195 kilos of cereal in Eastern Senegal and 239
kilos in Upper Casamance {(SONED, 1977). See Table 8. This discrepancy

_may seem puzzling, but it i{s based on the best available data. The
researcher judges that the figures ref1ect 80 to 90 percent

of the food self-sufficiency level in Eastern Senegal and Upper
Casamance. These conservative approximations are based on the esti-
mates of the Fifth Development Plan (1977-1981) that "adults cover
generally about 90 percent of their consumption requirements, but

about 5 to 15 percent of them do not cover 70 percent" (Fifth Develop-
ment Plan, 1977). More detailed information about food self-sufficiency
levels is contained in Table 9. The estimated level of peanut consump-
tion is based on a figure of 15 kilograms per person {Sargent et al.,
1981).

Selling and buying activities are defined for millet/sorghum, maize
and rice. For peanuts, a selling activity is added to family consump-
tion. For cotton, there is only a selling activity.

Agricultural production is assumed to be sold at the official

market price at harvest. The selling prices were set at 60 CFA/kg for

TS, T a2 L <P T e GRS ST
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peanuts, 68 CFA/kg for cotton, 50 CFA/kg for millet/sorghum, 47 CFA/kg
for maize, and 51.5 CFA/kg for rice. These figures reflect the 1981
producer prices (Marchés Tropicaux, 1981). Buying pr'ices1 change
frequently and vary from region to region. The average buying prices
are assumed to be 60 CFA/kg for millet/sorghum and 50 CFA/kg for maize.
The price of rice varies from 85 CFA/kg in the county of Tambacounda
to 90 CFA for the counties of Velingara and Kolda, due mostly to dif-

ferences in transportation costs.

Consumption activities are assumed to have zero value. Hiring-in
activities for Tabor are assumed to reflect seasonal labor demands
during four different peak labor periods, which will be specified
below. The cost of labor is assumed to be 500 CFA during the second
Tabor period (which corresponds generally to the weeding of most crops,
when demand for labor is generally high), and 300 CFA during the three

other periods.

Constraints
Resource restrictions are defined for land, family labor and

hired labor. Operating capital (or operating costs) reflecting the
costs of production of peanuts, millet/sorghum, maize, cotton and rice
in the household is also assumed, as is a minimum level of family con-
sumption. The land constraint is set at 6.52, 5.69, 5.59 ha for the
three households in Tambacounda county, and 6.91, 5.88 ha respectively
for the two households in Velingara and Kolda counties. These figures

are taken from the 1980 SONED study (see Table 7).

IThe buying prices assumptions are based on personal communica-
tions and judgement.
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Family labor varies from county to county. It is assumed to be

! in the three households of Tambacounda

provided by 4.6 active persons
representing a total of 1,080 man-days. In the counties of Velingara
and Kolda, it is provided by 5.7 active persons, representing a total
amount of 1,332 man-days. There are on average 9.5 persons in the
first three households, and 11.8 persons in the last two households
(see Table 10).

It is assumed that each household can hire one seasonél laborer,
who will be provided housing, 1and and food in exchange for part of
his labor, evaluated at 16 man-days per month {SONED, 1980). The wage

rates specified above are assumed to include these costs.

Family food consumption are calculated as follows (see Table 9}:

TABLE 10

Estimated Food Requirements Per Househgld at the
wo Assumed Eeve?s of Se?¥-5uff$c?ency

. Mille}/Sorghum Ric Maize Peanyts
Regions ?(9? (kg? (kgf ?kgg
Eastern Senegal 80% 1434 .5 152 266 142.5
90% 1605.5 17 294.5 142.5
Upper Casamance 90% 1498.6 1097 .4 224 .2 177

95% 1581.2 1156.4 236 177

SOURCE: Tables 7 and 8.

Labor Periods

The agricultural production season has been divided into four

labor periods reflecting peak labor periods during the growing season

{see Figure 1 and Appendices 1-5):
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1. Labor Period I (May 1 to July 15)

This period reflects land preparation and planting for all crops:
millet/sorghum, cotton, peanuts, maize and rice. Additional activities
for millet/sorghum, such as weeding, thinning and fertilizing, also take
place in this first labor period.

2. Labor Period II (July 15 to August 15)

This period reflects fertilizing, thinning and first weeding for cotton,
peanuts, maize and rice, as well as the second weeding and fertilizing
for millet/sorghum. It also includes cotton pesticide spraying.

3. Labor Period III (Adgust 15 to September 30)

This period reflects the second weeding, fertilizing and pesticide
spraying for cotton, second weeding for peanuts, second weeding and
harvesting for maize, second weeding and fertilizing for rice. For
millet/sorghum, there are usually no activities in this period.

4., Labor Period IV (October 1 to January 30)

This period reflects harvesting, threshing and winnowing of all other

crops (see Appendices 1-5).

Underlying Assumptions

Two levels of animal traction technology will be tested.!

1. The first level (I), reflects actual conditions and includes
the use of animal traction mainly for plowing cotton, rice and maize,
as well as the use of improved seeds and fertilizer for the present

crops. These seem to be reasonable assumptions, since the extension

]In the region of interest, there is approximately one pair of
oxen and one plow for every two households (see Table 11).

RSV
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service is promating the use of ferti]izer and the substitution of
high-yielding varieties for local varieties.
2. The second level of animal traction technology (II) adds
animal-powered planting and weeding on cotton, peanuts, millet/sorghum
and maize. However, adapted animal-powered planting and weeding

equipment is not yet available for rice cu]tivation.]

Costs of production for the different crops are estimated under
both levels of technology. Cattle-entrusting practices reported by
C.L. De1gado (1980) in Upper Volta are consistent with this region of
Senegal, so we can assume that oxen normally grazed with the general
cattle herd are taken away only when needed on the fields. We also
assume that, for the first labor period where grazing possibilities
are nonexistent, the farmer purchases peanut hay and grain-mineral
supplement for one pair of oxen., After the first period, it is assumed
that grazing becomes possible. The formula for estimating the cost of

oxen feed during this period was developed by I. Sene (1980} :

Kg/head/day x days of labor period I X Price x 2 head

for peanut hay 8 x 75 X 5 CFA/kg x 2 = 6000

for grain mineral- '

supplement 15 x 75 X 20 CFA/kg x 2 = 4500
Total 10500 CFA

]Because loans for animal traction equipment have been suspended
for five years beginning in 198Q, the first level of animal traction
seems more realistic. However, it would still be interesting to test
the second lavel of technology as described above.
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TABLE 11

Animal Traction and Agricultural Equipment Per
Household in the SODEFITEX Area

COUNTY

Tambacounda
ITEMS Bakel Kedougou

Velingara
Kolda

Pair of Oxen .59 .48
Horses .19 -
Donkeys : a7 -
Plows .55 .48
Animal-Powered Hoes .28 .01
Peanut Seeders 21 .02
Cotton Seeders | .03 -
Carts .18 .05

.57
.09
A7
.61
.20
.15
.01
.22

SQURCE: SONED (1980)
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Under the first level of technology the costs of production per
hectare are estimated as follows: Assuming that plowing is done on
maize, rice and cotton in the five households, the average plowed area
per household is estimated to 2.166 ha. This is computed by dividing
the sum of crop areas on which plowing is assumed to be done in all
households (maize, rice and cotton: 10.83 ha) by the number of house-
holds {5). See Table 7.

The estimated average feed cost per hectare is accordingly:

10,500 CFA/2.166

4547.6 CFA/ha

4848 CFA/ha
The cost of equipment is estimated based on 1977 prices (see J.P.
Rigoulot, 1980).]

The average cost per hectare of maintenance and repair of the
equipment is estimated at 10 percent of equipment cost. The estimated

average repair and maintenance cost of equipment (plow) is:

(22218 x .1)/2.166 = 1025.7 CFA/ha

1026 CFA/ha
A Tump sum of 69 CFA/ha will be allowed to reflect cost of drugs and
veterinary services per hectare, based on Sargent et al. estimate
(1981): 150/2.166 = 69.0 CFA/ha.

Operating capital {operating costs) is estimated for each house-
hold as the sum of the cost of production of each crop times its

respective acreage. This computation gives the following estimates of

YUCF plow: 22,218 CFA
Super Eco seeder: 27,381 CFA
Sine hoe weeder: 17,520 CFA
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operating capital per household under the first level of technology:

Household I = 55,950 CFA
Household II = 50,768 CFA
Household III = 50,144 CFA
Household IV = 64,804 CFA
Household Vv = 58,374 CFA

The yields of the different crops in the different household types
comes from SODEFITEX annual report 1979/80, reflecting climatic condi-
tions of the year 1979, which was relatively dry (see Appendix 9}. The
choice of 1979 yields was based on two reasons: 1) complete data were
available and 2) the researcher thought that it would be better to
select slightly conservative rather than overly generous figures.

Costs of production have also been estimated under the second
level of technology which adds animal-powered planting and weeding
equipment for peanuts, millet/sorghum, maize and cotton. Cotton is
planted with the Super Eco Seeder (SODEFITEX, 1981}. The use of
the seeder means that operations can now be performed more timely
during the first labor period—i.e. not only plowing, but
also seeding and some weeding (millet/sorghum). Since feed pur-
chases during this period are assumed fixed, the greater use of oxen
effectively reduces feed cost per unit area. The average area on which
the pair of oxen works in labor period I increases to 4.614 ha. This
is computed by dividing the sum of the total area on which animal trac-
tion is used under the first labor period {millet/sorghum, peanuts,
maize, rice and cotton) in all households (23.07 ha) by the number of
households (5). See Table 7. The estimated average feed cost per

hectare becomes: 10,500 CFA/4.614 = 2276 CFA/ha.

i
E
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Repairs and maintenance costs are estimated for the seeding and
weeding equipment, which is used in labor periods I to III. The
average area per household on which the seeder and weeder are used
(5.92 ha) is computed by dividing the total area on which this equip-
ment is used (millet/sorghum, maize, peanuts and cotton) in all house-
holds (29.6 ha) by the number of households {5). The estimated
average repairs and maintenance cost per hectare becomes:

seeder: (27,381 x .1)/5.92 = 462 CFA/ha

weeder: (17,520 x .1)/5.92 = 296 CFA/ha

A lump sum of 25 CFA/ha will be allowed to reflect the cost of
drugs and veterinary services, computed as before: 150 CFA/5.92 =
25 CFA/ha.

The operating capital (operating costs) under the second level

of technology is estimated by the same procedure used earlier, in this

case:
Household I = 60,985 CFA
Household II = 57,345 CFA
Household III = 59,907 CFA
Household IV = 67,157 CFA

62,640 CFA

Household V¥

3
L
¥
Py



Variable Costs of Production Under

43

TABLE 13

the Second Level of Technology

Input Millet/ | Peanuts |Maize I |Rice I Cottongf
Categories Sorghum
seeds?/ 619 | 7335 1600 | 6500 | ----
Fertilizer
NPK 3750 3750 2500 2500 ———-
Urea 3750 -——- 2500 2500 S
Kcl -—-- -——— -——-- -——— -———
Hand Tools 300 300 300 300 300
Maintenance & Repairs
(10%)
Plow -——- -—== 1026 1026 1026
Seeder 462 462 462 —-=- 462
Weeder 296 296 296 -—-- 296
Draft Animal Feeds 2276 ———a 2276 2276 2276
Drugs 25 25 25 25 25
TOTAL 11478 12168 10985 15127 4385

AFor peanuts, millet/sorghum, SODEVA figqures have been used

(SODEVA, 1981).

DFor cotton, seeds, fertilizer and spraying materials are not

charged.

The producer price is a net of these inputs.
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Relative Prices

Two sets of relative commodity prices are used to test the
effect of a change in relative prices. Half of the runs use the rela-
tive prices which prevailed in 1981/82. A new set of relative prices
was calculated by projecting the recent five-year trend; however, this
set turned out to be identical to the 1981/82 relative prices (see
Tables 14 and 6). Since the idea was to determine the effect of a
relative price in favor of cotton, a new set of relative prices was
constructed based on prices which actually prevaiied in 1970/71 and
1981/82.

The two sets of relative prices are as follows:
PG/PM PC/PM PG/PC PR/PM PMZ/PM

Recent relative
prices (1981/82) 1.20 1.35 .88 1.03 .94

Changed relative

prices (1970/71

and 1981/82) ‘1.0 1.7 .58 1.03 .94
Assuming a base of 70 CFA/kg for miliet/sorghum, the following

prices were calculated:

millet/sorghum 70 CFA/kg (PM) i
peanuts (groundnuts) no (PG) %
cotton 119.7 (PC) ;
rice 721 ¢ (PR)
maize 65.8 (PMZ)

Assuming that the difference between producer prices and buying
prices for millet/sorghum and maize constant at 1981/82 level, the

buying prices are estimated as follows: millet/sorghum, 80 CFA/kg;

1
£
i
:
i
i
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TABLE 14

Projection of New Producer Prices From the
Last Five-Year Trend

Years

Producer Prices

Cotton  Peanuts Millet/Sorghum Maize Rice
1977/78 49 41.5 35 37 41.5
1978/79 49 41.5 40 37 41.5
1979/80 55 45.5 40 37 41.5
1980/81 60 50 40 37 41.5
1981/82 68 60 50 47 51.5
Average Change in
the Last Five Years 3.8 3.7 3 2 2
Projected Producer 71.8 63.7 53 49 53.5

Prices (1982/33)

PG/PM = 1.20; PC/PM = 1.35; PG/PC = .88; PM/PM = .94; PR/PM = 1.03
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maize, 68.8 CFA/kg. Because of the government's strong commitment to
keeping price of rice down, it is considered unlikely that the price of
rice will be allowed to increase as much as projected (105.6 CFA/kg).
Therefore a buying price for rice of 90 CFA/kg is assumed in the county
of Tambacounda and 95 CFA/kg in the counties of Velingara and Kolda,
due to differences in transport costs.

The Linear Programming
Tableau

A single linear programming tableau was prepared. The different
households can be reflected by changes in the coefficients on farm size,
yields, family labor and consumption constraints. The tableau for

household I is presented as an illustration (see Table 15). 1
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CHAPTER V
ANALYSIS OF THE RESULTS

Presentation and discussion of the results are made di fficult by
their complexity. The analysis in this paper is based on eighty
separate runs of the basic model, exploring the behavior of cropping
patterns under different technological and economic constraints for
five representative farms. This chapter includes two sections. First,
the organizational framework used to present the results is described.

Secondly, the results of the runs are presented and discussed.

The R. Black and S. Harsh package (1975) has been used for the
different runs. The cutput provided the objective value of the model,
the optimal combination of activities in solution and their respective %
levels, the shadow prices of resources, the cost of forcing in non- %

optimal activities and the price range over which the activity holds. ?

A. Organizational Framework

The organizational framework is depicted in Figure 2. The eighty
runs actually consist of four series of twenty runs reflecting four
different sets of assumptions concerning level of technology and prices:
1} first level of technology and recent relative prices; 2} second level
of technology and recent relative prices; 3) first level of technology
and changed relative prices; and 4) second level of technology and

changed relative prices.
48
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These four variables are defined as follows:

First level of technology — Animal traction plowing for rice, maize,

cotton, and use of fertilizer.

Second level of technology — Additional use of animal-powered seeder

and weeder for peanuts, millet/sorghum, maize, and cotton.

Recent relative prices — 1981 producer prices and buying prices (see

Chapter IV).

Changed relative prices — producer price of cotton increased relative
1

to food crops.
The four main series of twenty runs are subdivided into two sets
of ten runs each. The base runs were made with no specific cereal

acreage constraints. The recent history runs on the other hand, incor-

porated specific cereal acreage constraints2 under the assumption that
farmers will generally plant a minimum acreage to cereal crops to

secure food supplies.

VThe following relative price changes were introduced. (These
relative prices are based on prices which prevailed several years ago.
Their choice is somewhat arbitrary. What we are most interested in is
the effect of an increase in the price of cotton relative to the price
of the major staple {millet/sorghum}. In effect, this constitutes a
form of sensitivity analysis). Peanuts/millet/sorghum = 1.01; cotton/
millet/sorghum = 1.71; peanut/cotton = .58; rice/millet/sorghum = 1.03;
maize/millet/sorghum = .94. Assuming a base of 70 CFA/kg for millet/
sorghum, the other prices were derived as the following: peanuts = 71
CFA/kg; cotton = 119.7 CFA/kg; rice = 72.1 CFA/kg and maize = 65.8
CFA/kg. The buying prices for cereals were assumed to reflect the 1981
difference between producer and consumer prices except for rice, which
is less 1ikely to change very much: millet/sorghum = 80 CFA/kg; maize
= 68.8 CFA/kg; rice = 90 CFA/kg for the county of Tambacounda where
the first three representative farms belong and 95 CFA/kg for the
counties of Velingara and Kolda where the two last representative
farms belong.

2The following cereal acreage constraints were introduced:
millet/sorghum = 2.88-1.80 ha; maize = .42-.50 ha; rice = .03-.45 ha
respectively for Eastern Senegal (areas I, II, III} and Upper
Casamance {areas IV and V). ?See Table 10.) Under the second level

A RS-




51

Each set of base runs and recent history runs consists of two
groups differentiated by food constraint level (see Chapter IV). These
groups contain one run for each of the five representative farms.

To sum up: the eighty total runs are categorized into sixteen
groups of five runs according to the level of technology and prices,
cereal acreage constraints, and food constraint level. This disaggre-
gation of the results makes possible an analysis of cropping patterns

under different sets of possible circumstances.

B. Discussion of Results

rd

The results of the runs are classified into four categories of
economic activity to facilitate systematic analysis: 1} land alloca-
tion; 2) consumption activities (including buying and selling of food
commodities); 3) shadow prices of land and labor and cost of forcing
in non-optimal solutions; and 4) income (revenues above variable
costs). The discussion of results will be carried out with respect to
these categories. The tables (16 through 35} present the actual results
of the runs and are displayed at the end of this chapter.

1. First Level of Technology and
Recent Relative Prices

a. Base Runs
Beginning first with land allocation, maize generally dominated

the plan in all five areas in the base runs. The share of available

of technology, they were changed respectively to: millet/sorghum =
250-1.50 ha; maize = .50 ha for both regions. A .45 ha rice acreage
constraint is kept only for the Casamance region to refiect the
greater rice consumption in this region.
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land allocated to maize varied from 74 percent in representative farm I
to 95 percent in representative farm II. The share of maize amounted to 86
percent in area III, 76 percent in areas IV and V. This is more than
expected (and more than is actually planted) and consequently raises
the question whether or not the costs and yields of maize are under-
or overemphasized. Nevertheless the costs and yields have been gene-
rated realistically from the available sources of data. In areas I and
111 of Tambacounda county, maize is generally followed by millet/sorghum
with respectively 20 and 8 percent of the land. Millet/sorghum has not
been suggested by the base runs in the areas II, IV and V. In the
first three areas of Tambacounda and area V of Upper Casamance, the
base run did not suggest cotton in the optimal plans. Cotton appeared
only in area IV of Upper Casamance with 4.3 percent of the land (see
Tables 16 through 20).

Regarding consumption activities, the results suggest that in
areas II, IV and V, the total family millet/sorghum consumption require-
ment be purchased. This, of course, is unlikely to happen. In areas
I and III, the results suggest that part of the requirement be grown %
and part purchased. Just enough peanuts for family consumption should |
be grown in all five areas. The same applies to rice in all areas, %
except in area I, where a slight surplus for sale is allowed by the
base run.

The shadow prices, reflecting the rate of change of the objective
function associated with one unit change of a given resource and the

scarcity of a resource, provided useful information (see Appendix 9).

Land generally showed what might be considered a high shadow price, '

ranging from 10,943 CFA/ha in area I to 62,827 CFA/ha in area V. Since

e



53

land is not generally a constraint in these areas, expansion of acreage
might be profitable. The shadow price of labor which could be expected
to be high for all five areas, because of the low population density,
was high only for area I (1972 CFA) in the labor period II correspond-
ing to the weeding of most crops (see annex 9). This is not consistent
with the prevailing practices, which generally keep hired seasonal
labor in the farm household during the whole cropping season. The
generally low. shadow prices of labor seem to suggest that we may have
been too generoﬁs with regard to the family labor availability. It may
also arise from the fact that other activities (off-farm activities)
have not been considered in the model, due to the non-availability of
reliable input-output coefficients,.

The Black and Harsh package also calculates the cost of forcinag
non-optimal solutions. The program indicated a cost of forcing
cotton in the county of Tambacounda {area I, II, III) ranging from
329 CFA in area II to 60,712 in area I (see Appendix 10). For
area III, it was 10,205 CFA. The program did not indicate a cost of
forcing cotton in the areas IV and V of Upper Casamance in the
base runs. The existence of this cost of forcing cotton might

explain the general decline of cotton in Eastern Senegal. The program did

not indicate a cost of forcing in for millet/sorghum in areas I and III
in the base runs, but there was a substantial cost ranging from 1621
CFA to 5246 CFA for areas II, IV and V (see Appendix 10).

The main source of income in the five areas was the sale of the
large maize excess over family requirements. For area IV, the sale of

cotton also provided income to the farm but to a lTesser extent.
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The runs were then repeated at the second level of food self-
sufficiency (16) specified in the previous chapter. The higher level
of minfmum family food supply did not drastically affect the land
allocation to crops, as can be seen in Tables 16 through 20. A slight
reduction occurred generally in the sale level of maize and eventually
of rice (Table 16). The purchase of millet/sorghum increased generally ?
by the difference between the two levels of food requirements. How-
ever, the objective function (revenues above variable costs) decreased

generally by about 5 to 7 percent.

b. Recent History Runs
The results of the base runs suggested a pattern of land use

quite different from actual land allocation (see Table 10). The optimal

solution of the basé runs was néf expeéie& to ;éf1ect éctuaT practices
but to provide an insight into what should be done in order to maximize é
the revenues above variable co§ts, provided the technical coefficients

and prices are known with certainty. As is well known, farmers may %
have goals other than revenue maximization (Kamuanga, 1982). Also it
is very difficult with limited resources and data to accurately model

farmers' decision-making processes. Nevertheless, attempts to introduce

more realism into the model are shown below.

Runs were made with cereal acreages constrained to recent acreage ;
allocation history, i.e. millet/sorghum = 2.88-1.80 ha, maize = .42-.50 ha,
rice = .03-.45 ha, respectively in the regions of Tambacounda and Upper !
Casamance (SONED, 1980). (See Table 10.) The results appear in Tables s
16 through 20. It can be seen, generally more peanuts come into solu-

tion, occupying 40 to 56 percent of the available land. Cotton appeared
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substantially only in area IV (.81 ha or 11 percent of the available
land) compared to the negligible amount of .02 ha, or less than one
percent in area II. In the other areas, cotton did not appear in the
solution, and the program did not indicate a cost of forcing in for
cotton, suggesting that cotton might be allowed into the solution under
the recent relative prices if more land were available. The generally
high shadow price aésociated with land (except in area 1) supported
this idea. However there was generally a "cost" paid to keep a millet/
sorghum acreage at the recent level, reflected by a negative shadow
price] ranging from about 4,400 to 16,000 CFA (see Appendix 9). Whether
this cost is high with respect to what farmers are willing to pay for
securing their own food remains a question. This is the likely reason
why the objective functions (revenues above variable costs) with respect
to the base runs showed a sharp decrease in monetary terms, generally
by 30 percent in the five areas, when the analysis was constrained by
recent history acreages (see Tables 16 through 20). This could be con-
sidered as the price for risk discount.

The source of income in areas I, II, III and V is provided mainly
by the sale of peanuts, millet/sorghum and maize. In areas IV the sale

of cotton provides an additional income.

1In fact this should be interpreted as a cost of forcing in a non-
optimal solution. It occurs when the direct costs plus the inputed are
greater than the revenues from the use of one additional unit of land
for a given activity. This was generally consistent with the formula:

SP = Y«P - (zaij SPi + Cj)
where Y = Yield (millet/sorghum)

P = Producer Price {miliet/sorghum)

aij-SPi = inputed costs

aij = technical coefficient of resource used (here labor)

SPi = shadow price of a given resource in a given period

cj = direct cost of production of a given crop (millet/sorghum)
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There is evidence, however, that the farmers sell a small amount
of their product at the official market price (2 to 6 percent—CILSS,
Aug. 1977, vol. II). The rest is likely to be sold in the black
market at a higher price (thus generating a greater income), and/or
used for traditional ceremonies such as birth, death, etc., which
unfortunately are not well-documented. When the runs were repeated
at the second level of food self-sufficiency the results did not show
a drastic change in land allocation and there was a drop in the objec-

tive function {revenues above variable costs) by 5 percent.

2. Second Level of Technology
and Recent Relative Prices

The assumption underlying the second level of technology is that
the introduction of animal-powered seeders and weeders would allow more
timely field operations for all crops, particularly for cotton which

generally lags behind in fie?d care (see Tables 21 through 25).

a. Base Runs

The base runs under the second level of technology and recent
relative prices still showed maize dominating the optimal plan in
Eastern Senegal (areas I, II, III) with 80.95 percent of the share of
land. However, this was not the case in Upper Casamance (areas IV and
V) where maize covered only 20 to 45 percent of the land. Cotton cccu-
pied 50 to 70 percent of the land in this region and only about 14 per-
cent in area I of Eastern Senegal (see Tables 21 through 25). There
was generally no millet/sorghum in the optimal pians of the base runs

for all five areas. This suggests that farmers buy all their cereal

S ——
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consumption requirements in all five areas, which of course is unlikely.
In the base runs at the second level of technology, consumption activi-
ties, the shadow price of land and the objective function all behaved
roughly the same as at the first level of technology; The shadow price
of Tabor for all labor periods is generally low, as might have been
expected since the second level of technology has a lower labor require-
ment. However an exception occurs in labor period III in Eastern
Senegal (areas I, II, III), when a substantial hiring-in of labor is

suggested by the results, probably due to the maize harvest.

b. Recent History Runs

Since we did not expect the base runs optimal solutions to be
reflected in actual practice {because of the possibility of goals
other than profit maximization in monetary terms), we again introduced

a minimum acreage constraint of 2.50 ha for millet/sorghum and .50 ha
for maize in Eastern Senegal. The constraint of .50 ha of maize

reflects the present shortage of hybrid maize seed. For the Casamance g
areas {(IV, V), an additional constraint of a minfmum .45 ha of rice L
was added to the 1.50 ha of millet/sorghum and .50 ha of maize acreage

constraints to reflect the greater rice consumption pattern in this

region. Under these acreage constraints, cotton comes into solution 5
in areas I and II at the expense of peanuts in Eastern Senegal. The :
cotton share in these two areas {I and II) ranges from 40 to 50 percent.

For area III of Eastern Senegal, cofton is not in solution, but the

results did not show a cost of forcing in. Thus cotton could be

expected to come into solution if more land were available. If cotton
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does not appear in the solution, approximately 45 percent of the Tand
can be expected to be occupied by peanuts.
For Upper Casamance, the share of land to cotton ranged from 55

percent in area V to 62 percent in area IV, the increases coming at the

expense of peanuts. In both regions, except for area III in Eastern
Senegal, peanut production for family consumption only was indicated. é
Hired labor was not in solution except for a negligible amount (.69 .
man-days) in area IV. This was to be expected, since the higher level
of technology implies a reduction in labor requirements. However, the
introduction of labor-saving equipment, associated with the generally
high shadow price of land, could eventually bring in more land use and
therefore more hiring-in activities.

The introduction of cereal acreage constraints generally decreased
the objective functions (revenues above variable costs). The sharp
reduction (20 to 30 percent as compared to the base runs) probably
represents the "co§t" to be paid for setting acreage constraints as
reflected by the negative shadow prices1 (see Appendix 9)}. When the
recent history runs were repeated at the second level of food self-
sufficiency, the results again changed very little. Once again, there !

was no drastic change in land allocation to crops and a drop of about

S o A P TS AR et (e ¢ R 1 e Do £ gt R e i Tr hr TR RIS L e R S e e

5 percent occurred in the objective function.

]See footnote on page 55.
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3. First Level of Technology and
Changed Relative Prices

Changed relative prices were introduced next. The main purpose
was to explore the behavior of cropping patterns under different price

circumstances (see Tables 25 through 30).

a. Base Runs

Under the first level of technology and changed relative prices,
the results generally showed the base runs still dominated by maize.
Surprisingly, cotton did not dominate the optimal plans, as might have
been expected. This again raises the question whether or not the costs
and yields of maize are under or overemphasized.

The share of land allocated to maize ranged from 80 to 93 percent.
Cotton occupied only about 12 percent in area II, 2 percent in area III,
10 percent in area IV and 16 percent in area V {see Tables 25 through
30). However, it is surprising that in Eastern Senegal cotton appeared
in area III, although in a negligible amount, and not in area I which
in the year of reference had a higher cotton yield (800 kg/ha) than
area III (752 kg/ha). Either the model did not accurately reflect the
input-output coefficients, or under more land scarcity (5.59 ha in
representative farm III vs 6.52 ha in representative farm I) the program
allocated land to the crop with the higher MVP, ceteris paribus, in
order to maximize revenues. The same pattern was noticed in Upper
Casamance (IV, V) where in area V more land was allocated to cotton:

.96 ha in V vs .74 ha in IV, although cotton yield was higher in area
Iv (1,018 kg/ha vs 920 kg/ha in area IV). There was no millet/sorghum
in the optimal plans, except in area I. In this area (1), milet/

sorghum occupied about 10 percent of the land and covered only partially
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the family millet/sorghum consumption requirements. The results sug-
gest that part of the family millet/sorghum consumption requirement
be purchased in this area I and all of it be purchased in four other
areas. Again, just enough peanuts for family consumption is suggested.

The shadow price of land is generally high, as in the other runs.
The shadow price of labor is not consistently high in all.labor periods,
as might have been expected. There is however a substantial hiring—in
activity in labor periods two and three in é]most all five areas,
except in area V. |

Sales of maize and rice provided the source of income in area I.
In the other areas, the sale of cotton provided an additional income.
When the runs were repeated at the second level of food self-sufficiency.
The results were similar to those of the base runs of the first level !
of technology and recent relative prices: no drastic change in land
allocation, increase in purchases of millet/sorghum by the difference
between the two levels of food se]f-sufficiency and a drop in the objec-

tive function by about 5 percent.

b. Recent History Runs

When more realism was introduced into the model by constraining

cereal acreages to recent levels, peanuts tended to occupy the largest
share of land, ranging from 25 in area V to 48 percent in area IV. In
areas I, II, III, peanuts occupied respectively 48, 29 and 27 percent
of the land.

Cotton occupied about 11 percent of areas II and IV, 13 percent
of area III, and 28 percent of area V. Cotton did not appear in area I.

However cotton did not indicate a cost of forcing-in in area I, }
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suggesting that cotton would be allowed into solution if more land were
available. The shadow price of labor was consistently high for all five
areas only in labor period two, corresponding to the weeding of most
crops. Only in area I was there hiring-in activity, for labor period
one.

Income was provided by the sale of peanuts, millet/sorghum, maize
and eventually of cotton.

When the runs were repeated at a higher level of food self-
sufficiency, drastic changes did not occur.

4. Second Level of Technology and
Changed Relative Prices

A combination of the second level of technology and changed rela-
tive prices was also introduced to explore the behavior of cropping
patterns under the new price circumstances and improved technology.

The results are displayed in Tables 31 through 35.

a. Base Runs

The combination of the second level of technology and changed
relative prices generally brought cotton into solution, ranging from
33 percent in area I to 95 percent in area V. In area II, cotton
occupied 49 percent of the land and 65 percent in area IV. In area III
cotton was not suggested, but did not indicate a cost of forcing-in.
Maize dominated the plan only in areas I and III, covering 64 percent
and 95 percent of the land. In areas II, IV, and V, maize occupied
respectively 48 percent, 32 percent and 6 percent of the land. There
was no millet/sorghum in solution in all five areas, implying that

total family millet/sorghum consumption requirements would be purchased.
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Just enough peanuts for family consumption was suggested by the results.

The shadow price of land remained high in general. The shadow price of
labor was zero for all labor periods in areas I and II, where there was
no hiring-in activity. In area III, the results suggested a hiring-in
labor of 15 man-days in labor period three, probably for the harvest of
majze. In areas IV and V, the shadow price of labor was high only for
the labor period two, corresponding again to the weeding of most crops.
This suggests that additional Tabor would be profitable in this period.
Income is generally provided by the sale of maize and cotton, except in
area III, where there was no cotton suggested. When the runs were
repeated at the second level of food self-sufficiency, the results were
as expected: there were no big changes in land allocation to crops,
purchases of millet/sorghum for family consumption increased by the
difference between the two fbod sel f-sufficiency levels, and the reve-

nues above variable costs decreased by about 5 percent .

b. Recent History Runs

When minimum cereal acreage constraints were again introduced,
cotton still occupied a substantial share of land, ranging from 42 per-
cent in area III to 62 percent in area IV. Cotton occupied 52 percent,
45 percent and 58 percent respectively in areas I, II and V. Cotton
did dominate the plans generally, except in area III, where the plan
was dominated by the constrained millet/sorghum. Cotton domination
occurred, generally, at the expense of peanuts, which was suggested
only for family consumption. The shadow price of land remained high.
The shadow price of Tabor was generally zero, suggesting no hiring-in

activities. Cotton became the main source of income.
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As in earlier cases, there is still a "cost" to be paid1 for
setting a minimum cereal acreage constraint (see Appendix 10). But to
what extent this cost is high remains to be assessed. This "cost" to
be paid is probably the reason for the 10 to 20 percent decrease of
the objective function {revenues above variable costs) with respect to
the base runs,

When the recent history runs were repeated at the second level
of food self-sufficiency, the results again changed very little: there
was no drastic change in land allocation and a decrease in the revenues

above variable costs by about 3 to 5 percent.

1See footnote on page 55,
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CHAPTER VI

SUMMARY, CONCLUSIONS, POLICY IMPLICATIONS AND:
SUGGESTIONS FOR FURTHER RESEARCH
A. Summar
The purpose of this paper was to analyze some effects of export
and food-crop strategies on farm income and food self-sufficiency at
the farm level in Eastern Senegal and Upper Casamance. A line;r pro-
gramming analysis was carrfed out in order to assess the impact of
alternative government policies. These included examination of
changes_in re]ative prices to increase cotton production, of increased
levels of food self-sufficiency and technological change. The major
strategies examined were price palicy and the introduction of improved
maize, cotton, peanuts and millet/sorghum technology.
The main agricultural poliicy objectives of the government of
Senegal are increased domestic food production and increased foreign
exchange earnings from export crops. A review of literature indicated
that increased érop diversification could reduce the f1uctutation in
foreign exchange earnings and possibly increase food availability.
Qur main concern was to find out how increased crop diversification
could be implemented without any reduction in farm income.

A linear programming approach was used to trace the effects of

alternative policies and technical packages on small farmers. The base
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model incorporated an improved level of agricultural practices,
including the use of fertilizer, animal traction mainly for plowing
purposes on maize, rice and cotton, and a constraint to secure at
least 80 percent or more food availability at the farm level. The
effects of a change in the relative prices, the use of animal-powered
seeders and weeders, and the effects of a higher level of food self-
sufficiency, have been explored. Attention was focused on the effects
of the changes on export production, food availability and farm income.

The data were obtained mainly from SONED and SODEFITEX through-
out the paper. The areas on which the analysis was focused were
jdentified initially by SONED and described in Chapter IV. The results

are summarized below.

Under the first level of technology (which included the use of
fertilizer and animal-powered plowing on maize, rice and cotton) and
recent relative prices (series 1), the base runs showed a surprising
dominance of maize. Since these results may have been caused by the
narrow definition of the objective function (maximization of the reve-
nues above variable costs), cereal acreage constraints were added to
reflect actual practices (giving generally the priority to cereal
cul tivation), based on SONED estimates. The addition of the cereal
acreage constraints brought a small amount of cotton into solution
only in two of the five representative areas (II and IV). Under the
cereal acreage constraints, peanuts had a substantial acreage share in
all five areas ranging from 40 to 56 percent. Sensitivity analysis
revealed that a change of 5 to 10 percent in the Tevel of food self-
sufficiency had very little influence on optimal land allocation, but

decreased income by about 5 percent.
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Under the second level of technology (adding to the first level
the use of animal-powered seeders and weeders) and recent relative
prices (series 2), the base runs showed a dominance of maize in
Eastern Senegal and of cotton in Upper Casamance. There was generally

no millet/sorghum in the base runs in the five areas, suggesting that

farmers buy all their millet/sorghum consumption. Since this is
unlikely to happen, cereal acreages constraints were again introduced

to reflect the priority generally given to the cereal cultivation.

Under these additional constraints, cotton generally came into solution,
but at the expense of peanuts. Increasing the level of family food

sel f-sufficiency had little effect, as in the earlier series.

Under the first level of technology and changed relative prices
(series 3), cotton did not dominate the optimal plans of the base runs
as might have been expected. Maize still dominated, surprisingly.
Cotton did appear, however, but to a lesser extent, ranging from 2 to
16 percent. Upper Casamance showed generally a larger cotton share of
lTand relative to Eastern Senegal.

When cereal acreage constraints were introduced, cotton did come
into solution but generally received less acreage than the constrained
millet/sorghum and peanuts.

Under the combination of the second level of technology and
changed relative prices (series 4), cotton generally came into solution,
but at the expense of millet/sorghum and peanuts. When cereal acreage
constraints were added to introduce more realism, cotton still kept a
substantial share of land {45 to 75 percent), but at the expense of
peanuts. A higher level of food self-sufficiency changed very little

the land allocation to crops and farm income.

i
!
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8. Conclusions
The model showed that maize could be expected to occupy the
largest share of land in all five areas, given adequate supplies of

hybrid maize seed.

In all cases, there was a "cost" to keeping millet/sorghum in
solution. Whether or not this cost is high with respect to what the
farmer is willing to pay to secure an adequate food subsistence level
is difficult to assess. The millet/sorghum acreage constraint was
probably the major reason for the sharp decrease in income (in monetary
terms—by 30 percent) observed between the base runs and the runs with
cereal acreage constraints. Again whether or not there is a decrease
in actual income terms is difficult to assess.

Surpr1sin§1y, an fncrease in thé constraint of the fami]y fbod
supply beyond 80 percent of food se]f-sufficiency did not introduce
major changes in income and crop acreage allocation. Since the analysis
indicated that a moderate increase in the relative price of cotton did
not make cotton the dominate enterprise, it would appear that increased
cotton yield and/or reduced input costs will be required to stabilize

or increase cotton production.

C. Policy Implications

Maize production could become a major means of increasing farmers'
income, a means of improving nutrition in rural areas, and a savings
in foreign exchange. But there are prerequisites to be tackled first.

First, the existing hybrid maize seed shortage will have to be overcome.
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Second, a large market outlet for maize would have to be provided in
order to avoid overproduction and accumulation of unsold stocks. Third,
the I.T.A. (Institut de technologie alimentaire) would have to develop %
the broken "maize-rice" product as a substitute {or at least a comple- %
ment) for rice and perhaps millet/sorghum to the extent that it can |
be produced commercially.
rice and perhaps millet/sorghum to the extent that it can be produced
commercially.

Cotton production has been suggested as a means of diversifying

foreign exchange earnings and raising farmers' income. Despite great

efforts to increase cotton cultivation, production has not increased as

1 This analysis showed that the introduction of Tabor- 1

anticipated.
saving equipment (such as animal-powered seeders and weeders) appeared

to be a profitable way to implement increased cotton production in this

area of Senegal. The main tool used to date on most crops, including §
cotton, has been price policy. This analysis showed that price policy

above might not have a large effect on cotton if yields remain tow and/or

input costs high.

The objective of the paper was to analyze some effects of macro
policies (export, food crop strategies) at the farm level {income,
food self-sufficiency). It should be recognized that as practices %
change at the farmIIevel, there will be a flow of effects, sometimes é
unpredictable, eventually back to the macro level. Our analysis indi-

cated a trade-off between cotton and millet/sorghum (cash vs food

1The anticipated cotton production was about 60,000 T. The ma xi -
mum cotton production has been reached in the cropping season 1976/77
with 45,000 T, but the production was steadily declining since down
to 20,600 T in 1980/81.
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crops). If farmers increase cotton, thereby decreasing millet/sorghum ?
in their farming system, to such an extent that overall production of ’
millet/sorghum decreases significantly, the increase in cotton will

indirectly conflict with another government policy objective, namely 5

increasing millet/sorghum production to reduce the wheat imports used

in bread product'ion.1 A similar trade-off might eventually occur
between the potentially profitabTe maize and cash crops (peanuts and
cotton). Many other macro level policy conflicts exist, and these will

have to be considered by policy-makers. However, they remain beyond the

scope of this paper.

D. Need for Further Research

The uncertainty about the guality of the data used in this paper

makes it necessary to call for more research to extend the results of
this preliminary analysis. A possible area for further research might
be the study of relative prices, along with the appropriate technical
changes, which might ease the trade-offs observed above. Additional

research could be directed to the questions of labor availability (cur-

rent situation and projections), improved empirical estimates of family
consumption requirements, and empirical estimates of supply responses
for the major crops.

Finally, it would be interesting to examine the actual practices §
of farmers in future years to see if the assumptions used in developing

the model are validated empirically.

TThere is a new policy to gradually substitute domestic millet
for wheat in the bread production.
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APPENDIX I

LABOR REQUIREMENT'

FOR COTTON PER HECTARE IN MAN-DAYS

Crop Technology

b .
gg;;g; Type of Activity
I II
I Plowing 17 17
Mechanical Planting - 4
Manual Planting 10 -
27 21
II Fert11izer Spreading 2 2
(NPK  Urea)
First Mechanical Weeding - 3
First Manual Weeding 20 -
Thinning and Weeding 24 24
- Spraying .5 .5
| 46.5 29.5
I1I Second Weeding 20 8
Spraying 1 1
21 9
IV ‘Harvest 32 48
Tearing Off and burning
of Cotton Plants 20 20
52 68
TOTAL 146.5 127.5

SOURCE: SONED (1980).

1The coefficients have been adjusted to reflect

the different assumed labor periods.
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APPENDIX 2

1

LABOR REQUIREMENT' FOR PEANUTS PER HECTARE IN MAN-DAYS ;

Crop Technology

52&?2& Type of Activity
I II
I Shelling and Sorting 16 16
Land Clearing 14 14
Mechanical Planting - 4
Manual Planting 6 -
36 34
II First Mechanical Weeding - 8
First Manual Weeding 20 -
Fertilizing (NPK) - )
21 g
I11 Second Mechanical Weeding - i
Second Manual Weeding 20 _=- :
20 8
v Harvest 12 12
Stacking 14 14 ;
Threshing and Winnowing 30 30
56 56
TOTAL : 133 107

SQURCE: SONED (1980).

TThe coefficients have been adjusted to reflect the :
di fferent assumed labor periods.
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APPENDIX 3

LABOR REQUIREMENTS] FOR MILLET/SORGHUM PER
HECTARE IN MAN-DAYS

Crop Technology

;;ﬁ?g; Type of Activity

I II

I Field Clearing 14 14

Mechanical Planting - 5

Manual Planting 10 -

First Mechanical Weeding - 3
First Manual Weeding 20 - g
Thinning 24 24 :
Fertilizing (NPK) 1 1 :

69 47

II Second Mechanical Weeding - 3

Second Manual Weeding 20 -

Fertilizing (urea) 1 1

21 4

Iv Harvest 36 36

Threshing and Winnowing 40 40

76 76

TOTAL . . 166 127

SOURCE: SONED (1980).

]The coefficients have been adjusted to reflect
the different assumed labor periods.
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APPENDIX 4

LABOR REQUIREMENT] FOR MAIZE PER HECTARE IN MAN-DAYS

Crop Technology

Labor .
Period Type of Activity
I II
1 Plowing 12 12
Mechanical Planting - 4 §
Manual Planting and NPK 6 - g
18 16 [
|
II First Mechanical Weeding - 8 §
First Manual Weeding 20 - :
Thinning . - 4 :
Urea 1 ] :
21 13
111 Harvest 36 36
36 36
IV Shelling 20 20 |
20 20
TOTAL 95 85

SOURCE: SONED (1980).

TThe coefficients have been adjusted to reflect the
different assumed labor periods.
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APPENDIX 5

LABOR REQUIREMENT.l FOR RAINFED RICE
PER HECTARE IN MAN-DAYS

Crop Technology

Labor _

Period Type of Activity :
I Plowing ’ 17
Row Planting and NPK _10
27
II First Weeding 16
Fertitizing (urea) _1
17
I1I Second Weeding _16
16
1V Harvest 52
Threshing and Winnowing _16
68
TOTAL 128

SOURCE: SONED (1980).

1The coefficients have been adjusted to reflect
the different assumed labor periods.
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APPENDIX 6

RAINFALL IN THE REGION

Eastern Senegal Upper Casamance
YEARS
Koussanar Tamba Dialacoto | Velingara Linkering Kolda
1970 mm 492.5 487 .7 667.5 781 . 872.3
days 35 44 40 53 58 n.a.
19717 mm 859.2 923.8 915.5 859 948.3 n.a.
days 45 37 44 61 53 n.a.
1972 mm 456 639.3 858.4 646 754.9 n.a.
days 32 40 41 46 46 n.a.
1973 mm 645.6 618.1 672.4 909.5 911 n.a.
days 31 36 40 53 49 n.a.
1974 mm 905 900.8 650.2 772.2 770.9 546 ;
days 44 61 42 55 58 51 §
1975 mm 858 896.9 743.7 1141.6 1182.3 1206.4 %
days 43 68 68 72 62 73 i
1976 mm 434.2 634.1 825.1 734.7 824.4 1124
days 39 60 57 52 55 64
1977 mm 581.8 591.6 1009.4 668.3 787.3 672.1
days 29 47 46 50 44 50
1878 mm 799.3 769.7 1084.1 1051.7 1067.7 769
days 47 55 59 66 52 58
1879 mm 648.5 733.1 754.3 750 653.5 795
days 51 55 37 56 40 54
1980 mm 518.1 469.5 577 719.2 907 523.1
days 34 39 33 41 29 54
Mean 1961-1970
mm 809 833 802 1022 n.a. n.a.
Mean 1971-1980 670.6 7.7 809 825 880.7 n.a. L
%
SOURCE: SODEFITEX. |
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APPENDIX 7

ASSUMED YIELDS UNDER TECHNOLOGY LEVEL I

Millet/Sorghum Peanuts Maize Rice Cotton
Household I 1013* _ 1000 1614 1300 800
Household I1 1000 1000 1635 1300 962
Household III 977 1000 1520 1300 752
Household IV 1045 995 1560 960 1018
Household V 1100 ‘1790 1610 900 920

SQURCE: SODEFITEX, Annual Report 1979/80.

*Corrected.
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APPENDIX 8

ASSUMED YIELDS UNDER TECHNOLOGY LEVEL II

Millet/Sorghum  Peanuts Maize Ricel/ Cotton

Household I 1100 1200 1800 1300 1025
Household II 1100 1200 1800 1300 1000*
Household III 1100 1200 1800 1300 800
Household IV 1100 1200 1800 960 1400
Household V 1100 o 1200 1800 900 1150

SOURCE: SONED (1980).

]Rice assumed not yet reached by the technological improvement (use
of seeder and weeder).

*Corrected.
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APPENDIX S

SHADOW PRICES AND COST OF FORCING- IN NONOPTIMAL SOLUTIONS
UNDER THE RUNS la, 1c, 2c AND 4c IN THE FIVE AREAS

Constraints I IT ITI IV v
Land (la) 10,943 53,202 50,201 58,414 62,827
Labor period 1 (la) - -- -- - --
Labor period 2 (la) 1,972 -— -- 98 -
Labor period 3 (la) 295 300 233 -- -
Labor period 4 (la) - - - - -

{excess
Land (1c) .0381)¢ 39,920 48,615 36,237 60,015
Millet/Sorghum acreage constraint -16,284 -7,034 -8,184 -4,484 -13,434
Maize acreage constraint (lc)(1C) 19,800 15,387 9,982 12,162 2,812
Rice acreage constraint (lc) 54,044 45,798 44,142 22,642 3,242
Land (2c) 65,315 63,615 59,832 65,865 73,815
Millet/S. acreage constraint (2¢) -21,793 -20,093 -16,310 -24,343 -30,293
Maize acreage constraint {2c) 8,300 10,000 13,783 .1’250 -200
Rice acreage constraint (2c) -- - - -3,092 -7,942
Land (4c) 118,307 115,315 91,375 130,490 133,270
Millet/S. acreage constraint (4c) -52,785 -49,793 -25,853 -66,968 -67,748
Maize acreage constraint (4c) -10,852 -7.860 16,080 -29,535 -25,815
Rice acreage constraint (4c) -- -- -- -62,917 -62,897
99
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APPENDIX 10

COST OF FORCING IN NONOPTIMAL ACTIVITIES FOR
RUNS Ta, 1c FOR FIVE AREAS

ACTIVITY I II III v v

Run "1a"
MiTlet/sorghum -- 1621.0 -- 6196.0 5246.0
Cotton 60711.9 329.0 10205.6 - --
Sell peanuts 9.6 10.5 6.25 12.2 2.3
Sell millet/s 10.0 10.0 10.0 10.0 10.0
Buy maize 3.0 3.0 3.0 3.0 3.0
Sell rice -- 6.7 3.6 29.5 38.0
Buy rice 33.5 26.7 29.8 8.9 4
Hire in labor period 1 300 300 300 300 300
Hire in labor period 2 -- 500 500 401.8 500
Hire in labor period 3 4.05 -- 1 66.7 300 300
Hire in labor period 4 300 300 300 300 300

Run "1c"
Cotton - -- -- - --
Sell peanuts -- -- -- -- -
Buy millet/sorghum 10.0 10.0 10.0 10.0 10.0
Buy maize 3.0 3.0 3.0 3.0 3.0
Sell rice 33.5 33.5 33.5 38.5 38.5
Sell cotton 54.5 -- 4.9 -- 4.01
Hire in Tlabor period 1 -- 300 300 300 300
Hire in labor period 2 -- 85.9 500 -- 500
Hire in labor period 3 300 300 300 300 300
Hire in Tabor period 4 300 300 300 300 300 .
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