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ABSTRACT

FOOD SECURITY AND COMPARATIVE ADVANTAGE IN SENEGAL:

A MICRO-MACRO APPROACH

By

Frederic Martin

This research analyzes food security and comparative advantage in

Senegal, from both a micro and macro perspective. The subject was

chosen because of the continuing debate about whether poor countries

with important food deficits such as Senegal should follow comparative

advantage and import food financed by export earnings, or instead

support local food production to increase self-sufficiency.

The research objectives were:

1) to develop a conceptual framework for analyzing food security and

comparative advantage at the farm and national levels;

2) to conduct an empirical analysis of: (a) Senegal’s current and

projected comparative advantage; (b) the costs associated with

higher levels of cereals self-sufficiency; and (c) the key

variables which stimulate or constrain cereals production.

The research methodology recognized the need for consistency



between the farmers’ strategies and the government’s food strategy.

First, the national food supply/demand situation was analyzed. _Ihen

farm-level costs and returns were analyzed by preparing 181 crop

budgets, used as the basis for 13 typical farm models. These LP models

represented major production regions and incorporated micro food

security constraints.

Regional cereals supply curves were estimated assuming 20%-100%

increases in financial cereals producer prices. These supply curves

were incorporated into an agricultural sector model, which used

separable programming techniques to identify the combination of local

production and trade which minimized the cost of achieving given levels

of cereals self-sufficiency.

The results showed limited cereals supply response to price

increases. Land for rice production is limited, and millet/sorghum

remains less profitable than peanuts. Maize output increases

substantially, which might create a surplus given the small demand for

that cereal. Output increases more significantly when expansion of

irrigated area is assumed, but irrigation development and higher

producer prices are costly to government and consumers.

Raising the rice price alone (e.g., by establishing a protected

regional market) has negligible effects on production, but would impose

substantial costs on consumers. Aligning producer prices with economic

prices would produce benefits from Senegal’s current comparative

advantage in peanut production, but may not be a viable long-run

strategy.
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CHAPTER 1

INTRODUCTION

The research presented in this thesis is an analysis of food

security and comparative advantage in Senegal using both a micro

perspective and a macro perspective. This topic was chosen for two

reasons. First, from a disciplinary point of view, efforts have been

expended in the last fifteen years to incorporate uncertainty in the

analysis of comparative advantage. Since much of this work has been

Itheoretical in nature, there is a widespread need for more empirical

research. This research tries to make a contribution in this area with

its attempt to add a food security perspective both at micro and macro

levels to the standard comparative advantage analysis.

Second, from a policy-making point of view, there has been and

still is much debate about the desirable agricultural development

strategy for poor countries with important food deficits. Senegal is a

good example of such a country with the government and donors relying

more on ideological grounds and short term financial and political

concerns than on scientific analysis to decide on the desirable

strategy that Senegal should follow. This research provides



policy-makers in Senegal with a better estimation of the long run costs

associated with different levels of self-sufficiency and hence hopes to

contribute to a better policy dialogue.

This research had the following objectives:

V/- To provide a conceptual framework for analyzing the interactions

between food security and comparative advantage at the micro level

and at the macro level;

- To elaborate a methodology for empirical analysis of the same topic;

- To illustrate the potential of this methodology by applying it to the

case of Senegal, making it possible to:

i) determine Senegal’s comparative advantage in agricultural

products;

ii) estimate the costs associated with different levels of cereals

self-sufficiency;

iii) provide some insights about the relative importance of key

agricultural variables on several food system performance

indicators;

- To draw some implications for food strategy and food policies in

Senegal.

The thesis includes seven chapters, including this brief introductory

chapter. Chapter 2 presents the conceptual framework developed, the

review of literature and a theoretical model of food security and

comparative advantage with a micro-macro approach.

Chapter 3 analyzes the food situation in Senegal mainly from a macro

perspective. The evolution of cereal balances over the period 1974 to

1985 is described first, followed by an analysis of several projections



of these balances made until the end of the century.

Chapter 4 switches to a micro perspective with the presentation of

the crop budgets elaborated for Senegal and an analysis of the

financial margins for the major crops. This provides insights on the

profitability of different crops from the producer’s perspective under

current prices.

Chapter 5 presents the methodology used in the empirical modelling

exercise. This exercise starts with a micro perspective, but ends with

a macro perspective. To incorporate food security considerations at

the micro level and look at their interactions with the profit

objective, a number of typical farm models were built. These models

were run with several output price vectors to derive cereal supply

curves. These supply curves served as an interface between the micro

farm models and the macro agricultural sector model. The latter model

considered the trade-offs between the benefits of comparative advantage

and food security.

Chapter 6 presents the results of applying this methodology to the

case of Senegal. First, some interesting microeconomic results coming

from the farm models are presented on the possible cereals

self-sufficiency rates, the financial profitability of agriculture in

various zones, and the most binding constraints. Second, the

implications of three price policies on several performance indicators

are analyzed: a general cereals prices increase policy, an increase in

rice and wheat prices, and an economic price policy. Finally, some key

policy variables affecting food system performance are identified.

The concluding chapter 7 includes a summary of findings and an



analysis of several implications for food strategy and food policies in

Senegal.



CHAPTER 2

CONCEPTUAL FRAMEWORK AND REVIEW OF THE LITERATURE

This research is concerned with two key concepts: food security

and comparative advantage.

2.1-WM

Food security is a vague concept which can be defined in several

ways. Reutlinger and Knapp (1980) defined it as ”the assurance of a

minimally adequate level of food consumption” (p. 1). Alternatively,

they defined food insecurity as ”the probability of per capita food

consumption falling below a specified level" (p. 2). Another

definition given by one of the authors is that food security is "the

access to a sufficient and continuous food source at all times"

(Reutlinger 1984 p. 2).

Valdes (1981) defined food security as "the ability of food

deficit countries, or regions or households within these countries, to

rneet target consumption levels on a year-to-year basis" (p. 2). Staatz

(1984) defined it as "the ability of a country or a region to assure,

Ion a.continuous, long—term basis that its total population has access

to a timely and reliable supply of food adequate to meet minimum



nutritional needs" (p. 2). From these definitions, it is clear that

food security involves three‘key dimensions: the time horizon, the

level of aggregation and the specification of the consumption level.

2.1.1 - Ihe time horizon

Food security can be seen as a short-run or transitory problem

whereby some groups of pe0ple cannot satisfy their nutritional

requirements on a temporary basis. It can also be looked at as a

long-run or chronic problem when some people cannot meet their food

needs on a permanent basis (Reutlinger 1984 p. 2)

The number and variety of policy instruments that the government

can use to reduce food insecurity depend on the time horizon

considered. In the short-run, the policy options are limited since

many variables such as technology, inputs availability or food needs

cannot be changed. Short-term food security policy is therefore mainly

concerned with the provision of adequate storage, commercial imports

and food aid.

In the long run, the range of available policy options expands.

For example, the government might want to increase the average leVel of

local food production by starting irrigation projects, or limit

population growth by encouraging birth control programs. These

policies aim at solving a chronic food security problem.

Most of the research conducted so far on food security has looked

at.short-term food security. There is an extensive literature on

«thimal storage policies and more recently on optimal trade policies

(see Valdes (1981), Chisolm et al. (1982), Bigman (1985) for a general

discussion and McIntire (1981) for a study of the Sahelian case; see



Newbery et al. (1981) and Schmitz (1984) on price stabilization

stocks).

The general conclusion to be drawn from these studies is that

keeping national food security stocks is rather expensive compared to

trade. However, encouraging stocks at the producer level can

contribute significantly to rural food security. Using food stocks to

stabilize prices does not seem desirable since there are in theory

alternative less expensive policy options such as insurance schemes and

trading on futures markets. Price stabilization through the use of

food stocks seems hardly feasible, in particular on international

markets.

There has also been some research on the impact of alternative

pricing policies on different performance indicators including

production and consumption of important crops, foreign exchange and

government budget. Two models have been built to analyze this issue in

the case of Senegal: the SONED/SEMA model (SONED/SEMA 1979, 1980, 1981)

and Braverman’s model (Braverman et al. 1983). Even though these

studies were not made in a food security perspective, they offer

insights on the impact of pricing policies on short-run food security

and on the suitability of different methodologies used for agricultural '

sector modelling.

The SONED/SEMA model was designed as a decision tool to help the

government in setting the level of official producer prices for each

agricultural campaign and in estimating the consequences of such prices

on the public budget. The model contained two separate components: a

set of producer models and a public budget model.



Senegal was dividedfiinflIszon s and a linear programming model of

production wasTBUilt for each zone. The producer had to decide on the

area planted in the major crops cultivated according to several

possible technical modules.

Technical modules were defined as alternative input/output

combinations based on different levels of input use for a given crop.

Given a set of input and output prices offered by the state, the

producer was assumed to maximize profits under a set of resource

constraints.

The public budget model was an algebraic model which calculated

the net effect on the public budget of choosing a particular price

vector. Optimal food imports were calculated by subtracting the sum of

the regional optimal food outputs from estimated food consumption

levels.

Unit subsidies or taxes were calculated at each stage of the

marketing of each product by calculating the difference between the

real cost of production and the set of prices used to run the

production models in each zone. Total subsidies and taxes were then

calculated by multiplying the unit subsidy by the relevant optimal

quantity produced or traded.

Using the model involved picking a set of producer prices, running

the regional linear programming models using these prices to obtain an

optimal pattern of production from the farmer’s point of view,

estimating' the impact on the public budget and then starting again with

a (jifferent set of prices until one was satisfied with the pattern of

production and trade as well as with the effect on the public budget.



The SONED/SEMA model presented a number of interesting features:

- It tried to address an important issue in the eyes of the government,

namely at which level should official prices be fixed, by looking at

the probable implications of different sets of prices on production,

trade and public finance.

- It was disaggregated at the regional level and considered explicitly

the producer’s interest.

However, this model had a number of limitations:

- The allocation of production between official marketing channels, the

parallel market and home consumption seems to be exogenous, which

restricts the value of the model;

- It was concerned exclusively with financial prices and did not

consider economic prices that reflected the estimated opportunity

costs of a resource or of a product;

- Farmers are not simple profit maximizers as was assumed by the

model. Their other important objective is food security;

- The partition made of Senegal into 15 zones as well as the contents

of some technical modules in the producer’s models have been

criticized by a number of ISRA researchers as being an inaccurate

representation of Senegalese agriculture in the mid-eighties;

- To date, the model has not been operationalized and used by the

Senegalese government.

The other model dealing indirectly with short-term food security

issues has been developed by a team of economists from the World Bank

headed by Braverman (Braverman et al. 1983). The objective of the

model was to assess the effects of agricultural pricing policies in
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Senegal on the government budget, foreign exchange, real income

disaggregated by region, and the production and consumption of

important crops.

The model was based on the multimarket analysis framework, which

simulates the behavior of several key markets and their interactions.

This approach has been advocated by Braverman and his colleagues as a

good compromise between overly simplistic partial equilibrium models

and very complex general equilibrium models.

The model for Senegal divided the country in four regions and

included the markets for major food and cash crops. Each region was

endowed with a fixed supply of land and labor while other agricultural

inputs had an elastic supply. Domestic crop production was modelled

using translog restricted profit functions as in Lau (1976). The

demand side was modelled using an Almost Ideal Demand System as in

Deaton et al. (1980).

Braverman et al. analyzed the effects of several changes in

official prices of major agricultural inputs and outputs on several

policy objectives. In particular, they looked at the trade-offs 7

between several policy objectives, e.g., between increased government

net revenues and lower food consumption by the poor as a result of an

increase in the consumer price of rice. They also incorporated

uncertainty in yields and producer prices and showed the well-known

‘trade-off between the level and the variability of producer’s income.

Their approach presented a number of advantages:

- A good representation of key market interactions;

- A quantification of the trade-offs between different policy
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objectives;

- A model based on microeconomic foundations with profit-maximizing

producers and utility-maximizing consumers;

- The attempt to incorporate uncertainty.

This model had also a number of limitations:

- A number of its results and hence policy conclusions could have been

at least roughly estimated;

- The policy contribution of the model was primarily its quantification

of important trade-offs between several government objectives.

However, the lack of adequate data in Senegal, in particular on the

demand side, raises questions about the validity of the parameters

used in the rather sophisticated demand and supply functions. Thus,

the precise quantification of trade-offs among policy objectives must

be interpreted cautiously;

- The level of regional and technological aggregation was too high,

which led to questionable conclusions. For example, the model

predicted that an increase in the producer price of rice would result

in a decrease in the production of cotton. This conclusion came

partly from the lumping together of Casamance and Eastern Senegal.1

 

1In fact, the only regions where rice and cotton are both cultivated

are the Upper and the Middle Casamance. Cotton is not grown in Lower

Casamance and rice is not grown in Eastern Senegal, except as a

Inorginal crop. Even in the zones where both crops are grown, the

possibilities of substitution between these two crops are very

limited. Cotton is grown on the plateau as a rainfed crop while rice

is mainly grown on lowland. Cotton cannot be grown on lowland. There

15 some rainfed rice grown on the plateau, but it is usually grown on

land recently cleared from trees and bushes. Rainfed rice is a risky

crop and the producer is not likely to expand much its production. The

' IUHUJIOg together of all types of land resulted in making the
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Another assumption, i.e., that the supply of agricultural inputs

such as seeds, fertilizers, agricultural equipment is elastic, might

be questioned, given the breakdown of the public input procurement

system in 1980.

Very little has been said about the role of long-run structural

changes in supply and demand in increasing food security. Labonne et

al. (1978) looked at a small part of this issue for the FAO when they

analyzed the input requirements of meeting the Senegalese government’s

objectives for rainfed agricultural production in 1980-81 and 1984-85.

They built an agricultural sector linear programming model for

Senegal including five regions and several technical modules for each

major crop. The objective function maximized was the gross revenue

over all modules, crops and regions. Resource constraints were defined

at the regional and national levels. Production objectives were

considered as constraints at the regional level.

They found that the government’s objectives were too optimistic,

since the model had no feasible solution. This model was useful for

estimating the feasibility of certain production objectives and for

identifying the binding constraints to production growth.

This model also had some limitations:

- The level of aggregation was too high. All rainfed cereals were

lumped together. There were only five regions which, furthermore,

were administrative regions, i.e., heterogeneous zones from a

physical, human and agricultural points of view;

 

substitutability between the two crops appear higher than it really is.
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- The optimal national pattern of production identified by the model

was not necessarily consistent with the optima of the producers in

each region;

- Uncertainty was not taken into account.

I From a more general perspective, this model would not be very

useful in analyzing the broader issue of the impact of structural

changes in supply and demand on food security in the long run since it

does not include irrigated crop activities and import/export

activities.

Sarris (1983) is apparently the first to have tackled this issue,

in his research on Egypt. He started from a general welfare

optimization problem under conditions of international price and

domestic production uncertainty. To reflect a food security

perspective, he set the consumption bundle to be obtained either

through domestic production or trade at its current level.

Assuming the country’s welfare function was an exponential utility

function of the net foreign exchange gains, he derived an objective

function in terms of the expected value and the variance of this

variable. This objective function was a quadratic function which was

rnaximized under the standard resource constraints after dividing Egypt

'in three producing regions. Sarris concluded that the current pattern

(If production was suboptimal, and that the current area controls had a

high efficiency cost.

He showed that the area of different crops should be increased

depending on the level of the national aversion to foreign exchange

risk. Crops that were socially profitable at low levels of risk
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aversion (mainly cash crops) became quite unattractive at high levels

of risk aversion and gave place to subsistence crops. He also

concluded that food self-sufficiency was impossible, although domestic

reallocation of resources could yield substantial improvements in food

security.

Some aspects of Sarris' methodology can be criticized:

- Some of his assumptions seem arbitrary, for example his use of net

foreign exchange gains to approximate social welfare;

- Using actual levels of consumption as nutritional norms for food

security seems too rigid and too optimistic;

- His refusal to submit his model to an empirical verification through

a simulation of the current pattern of production and trade because

his model was normative seems questionable and raises doubts about

the validity of his conclusion that the current pattern was

inefficient;

- Even if the model provided the optimal pattern of production and

trade from a national point of view, it remains quite uncertain

whether such a pattern was also optimal for the producers.

In spite of these criticisms, Sarris’ approach to the food

security issue through changes in the pattern of production and trade

seems a promising one. Our research uses the same approach and focuses

on identifying the variables that most affect the cost of reaching food

security.

2.1.2 - eve

The analysis can be conducted at various levels of aggregation.

One'can look at food security at the international, national, regional,
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village, household and eventually individual levels. Food security

for a given group does not necessarily imply that food security is

obtained for all subgroups within that group. This raises the issue of

income distribution among subgroups, e.g., between urban and rural

groups. It implies that a food security analysis should be as

disaggregated as possible.

Most of the research so far, in particular the optimal storage

literature already mentioned, has been conducted at the international

and national levels. An important literature connected to the food

security issue at the international level is the literature on

uncertainty in international trade, although its theoretical

orientation makes it less relevant for our policy-oriented research

(see Helpman and Razin (1978) and Pomeroy (1979) for a review of this

literature).

Our research is concerned with food security at two levels: the

government level and the farmer level.

2.1.2.1 - Eeed_§eenrity for the government
 

From a macro perspective, at least four aspects of food security

are likely to be important to a government in a typical developing

country:

i) The government does not want to depend on other countries to feed

its population. This political objective of national

independence favors a high level of food self-sufficiency. No

country in the world is totally food self-sufficient, but many

try to keep a high level of food self-sufficiency. This

objective is a valid one. At the same time, it is useful to
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evaluate the economic costs associated with different levels of

food self-sufficiency.

The government in a typical developing country must take into

account the importance of agriculture as a source of employment

and of income. Agricultural activities play a critical role in

food security through the production of food crops which are

mainly consumed on the farm and through cash crops that generate

rural income used partly to buy extra food. Even if agriculture

is not very competitive on the world market, the government may

foster its growth to assure the food security of a large part of

the population.

The government may implement a regional land management policy.

Even if cultivation is not economically efficient in a region, it

may feel that investment in agriculture in that region is

justified by the social and political necessity of assuring food

security in that part of the country, as well as contributing to

national food security.

The government may want to minimize fluctuations in the cost of

the food bill. These fluctuations are caused by price variations

and quantity variations. World prices of agricultural

commodities fluctuate widely over time. Domestic prices of

nontraded or little-traded agricultural products fluctuate also

within a given year as a result of supply variations. Regarding

quantities, the main source of uncertainty comes from domestic

crop yields that fluctuate from year to year mainly as a result

of variations in rainfall quantity and distribution.
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In reducing the impact of this uncertainty, the government

faces a dilemma in terms of food policy: variations in world

prices and in yields of export crops argue for a greater level of

food self-sufficiency, yet variations in cereals yields argue for

a lower level of self-sufficiency. The relative importance of

the‘price variations and the yield variations will vary by

country and by crop and must be empirically estimated.

2.1.2.2 - Feed seeurity fer the farmer

From the farmer’s perspective, food security is likely to involve

questions analogous to those at the macro level concerning the

appropriate degree of self-sufficiency in production.

1')

iii)

The farmer will try to produce enough cereals to meet a large

share of his family needs. He will therefore plant each year a

sizeable part of his land with food crops. _

The farmer also wants a minimum income to be able to finance

purchases of complementary food and basic consumption goods. He

will therefore also allocate a minimum share of his land to cash

crops. This second objective may explain that a poor farmer with

limited land might still grow some cash crops even though this

means reduced acreage for food crops.

The farmer may also want to minimize the fluctuations in the

quantity of food produced and in his income. The implications of

an income stabilization objective for the desired food

self-sufficiency level are not clear. An often-heard argument is

that the farmer would favor cash crops if their prices were

effectively guaranteed by the state, as is often the government’s
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desire in developing countries. The farmer would not cultivate

cereals for sale because their price on the market fluctuates too

much.

This argument is debatable. In fact, in an uncertain

climatic environment in which yields fluctuate from year to year,

maintaining a fixed price directly transforms yield variations

into income variations. In contrast, fluctuating prices

contribute to stabilizing income by counterbalancing yield

fluctuations. Hence, given our current knowledge about farmer

behavior, it is not clear whether the farmer will favor

industrial crops or cereal crops to minimize his income

variations.

Our research is disaggregated at the regional level. ~Thirteen 'ID

zones in_§enegal were identified according to physical, human_end }

aerjeelterel criteria. Of these thirteen zones, eleven are I

agricultural, one is for livestock grazing and one is urban. In each

agricultural zone, a typical farm is modelled, including household food

 

security objectives. Then an agricultural sector model isflcenstructed,
. -. -flH'-‘

*WH.’ ‘-
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incorporating the results of the farm models, and reflecting national

food security considerations.

”I’There are several important advantages to this multilevel

approach:

- .It reconciles the micro and the macro levels of analysis. It is

based on the recognition of two key economic agents with different

perspectives: the farmer and the government. The key characteristics

oi= each level of analysis in our research are presented in Table 1;
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TABLE 1

MAJOR CHARACTERISTICS OF THE MICRO AND MACRO LEVELS OF ANALYSIS

IN THIS RESEARCH APPLIED TO SENEGAL

 

 

 

 

Level of Economic Objective Exogenous Endogenous Uncertain

analysis agent function variables variables variables

Micro Farmer Maximize .Producer .Hectarage .Domestic

profits prices for each crop prices of

under food .Technologies .Food purchases millet,

security available .Food crop and maize,

constraints .Input avai- cash crop cowpeas

and resource lability sales .Farm

constraints .Farm yields .Choice of yields

technology

Macro Policy- Minimize .World prices .Producer .World

maker cost of .Short-run prices prices

satisfying regional .Input imports .Regional

population supply curves.Food imports yields

food needs .Level of food

minus the self-suffi-

value of ciency desired

exports

 

NB: The proposed classification of variables as exogenous, endogenous

or uncertain is only valid for the modelling exercise conducted as

part of this research.
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- The approach adopted provides good micro-foundations and a national

optimum that is consistent with the producers’ optima;

- Coefficients in the farm models are based on the technical expertise

of many ISRA researchers, thus increasing the quality of the data;

- The model can be validated at the regional level by comparing the

regional model’s optimum pattern of production based on past prices

with the observed pattern of production;

- The implications of a given policy can be examined for each region.

2.1.3 -W

In the food security literature, the consumption level used as an

acceptable nutrition standard has either been the observed average

consumption level or a norm defined in terms of nutritional elements.

A widely used norm in the literature is the FAO norm defined in terms

of calories per capita. This individual norm varies depending on the

age, sex and physical activity of the person (FAO 1973 and WHO 1985).

FAO calculates an average individual norm for each country by

weighting the individual norms by the relative importance of each

category of population disaggregated by age, sex and physical

activity. This national norm is 2380 calories for Senegal (FAO 1977).

There has been some discussion in the literature about the

adequacy of defining a nutritional norm exclusively in terms of caloric

needs, i.e., disregarding protein and vitamin needs. The consensus now

is that a cereal diet which is adequate in terms of calories will

probably also be adequate in general in terms of proteins. However,

tiris diet might imply deficiencies in terms of vitamin A, iodine and

iron (Sukhatme 1970 and Reutlinger et al. 1976).
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Since we are interested in the most important components of an

adequate diet for the Senegalese population, the FAO caloric norm for

Senegal is adopted. Moreover, the consumption of each product is

constrained to remain in an acceptable bracket to reflect food habits.

A programming approach seems appropriate for our research, both at

micro and macro levels, since we are analyzing how the farmer and the

government can allocate scarce resources in the most cost-effective way

to achieve food security goals, in particular this nutritional norm.

This research focuses on the supply side of the food security

issue, namely on the provision of a nUtritionally adequate quantity of

food at the minimum cost. It does not examine whether the real income

of urban consumers is sufficient for them to afford a nutritionally

adequate quantity of food. However, our research does consider the

demandfisideflof the food security issue at the farm level by setting

appropriate constraints in the farm models:

i) Farm households must satisfy their total food needs either by

producing their food or by purchasing it; .

ii) Farm households must satisfy a given and significant percentage of

their food needs through production of food crops.

2.2 - [he eeneeet of eomeeretive adventage

The second key concept of this research is comparative advantage.

Food security is not necessarily synonymous with a high level of food

self-sufficiency. Food security can be achieved through a combination

of local production and trade. Pearson et al. (1986) distinguish three

alternative strategies to satisfy food security: self-sufficiency,

self-reliance and import dependency.
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Akself-sufficiency strategy favors a level of domestic food

production far above the comparative advantage level. The

self-reliance strategy favors a mix of production and trade that will
‘\
“E ,‘W-Hu
fl

correspond roughly to the comparative advantage of the country. The

importdependency.strategy favors the import of food at concessional

terms to benefit urban consumers.

This research attempts to identify the self-reliance strategy for

Senegal, namely the pattern of production and trade that minimizes the

cost of meeting the population’s food needs minus the value of

exports. It also tries to estimate the opportunity cost of a

self-sufficiency strategy, which would involve greater emphasis on

local cereals production.

2.2.1 - Ine theorv of coneenetjye_eeyenteee

The concept of comparative advantage is quite old since it dates

back to Ricardo (1821) and Torrens (1815 and 1958). Focusing on

 

technology, Ricardian theory explains patterns of specialization and

trade by means of relative productivity differentials among countries

(Schydlowsky 1984). A distinction is made between absolute advantage

and comparative advantage. I

If Senegal can produce good X at a lower cost than the rest of the

world, it has an absolute advantage in the production of X. In

contrast, comparative advantage involves comparing the opportunity cost

of resources used in the production of several goods. Even if Senegal

has an absolute disadvantage in producing X and Y, this country will be

better off producing the good in which it is the more efficient, i.e.,

the good with the lower opportunity cost for the domestic resources
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used, and trading that for the other good.

The modern Heckscher-Ohlin theory explains international trade by

means of differences in-relative factor abundance. It assumes

identical linear homogeneous technologies in all countries.

There are two versions of the Heckscher-Ohlin theory. The "weak"

version states that a country will export the good whose production is

relatively intensive in the relatively abundant factor of production of

the country according to the value definition of abundance. Relative

factor abundance is defined then in terms of pretrade relative factor

prices. If the wage/rental ratio in autarky is higher in the foreign

country than in the home country, the foreign country is said to be

relatively capital abundant (Ohlin 1933).

According to the "strong” version of the Heckscher-Ohlin theory,

if both countries have identical technologies and identical homothetic

preferences, a country will export the good whose production is

relatively intensive in the factor of production in which that country

is relatively abundant under the quantity definition of relative

abundance. Relative factor abundance is then defined in terms of

relative factor endowments. If the endowed capital/labor ratio is

higher in the home country than in the foreign country, then the home

country is capital abundant (Jones 1956-57).

Both the Ricardian and the Heckscher-Ohlin theories of comparative

advantage are macro-oriented, deterministic and static. The research

on comparative advantage so far has been macro-oriented without

explicit consideration of the individual strategies of the

microeconomic agents. The main originality of this research is to
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consider both a micro and a macro perspective and to make sure that the

two are consistent.

Farmers are the ones who make the essential decision of allocating

land to different crops. This is a major determinant of the production

pattern. The state can affect this decision indirectly by modifying

the environment of the producer, particularly in Senegal by setting a

number of input and product prices.

This research considers the objective functions and the

constraints of typical farmers and of the Senegalese government. The

consistency between the two levels is achieved by the derivation of

supply curves for agricultural products.

There have been several efforts to incorporate uncertainty into

the theory of international trade (see Helpman and Razin (1978) and

Pomeroy (1979) for a review of this literature). The most relevant

contribution in this domain for our research is Jabara’s thesis (1979)

on the comparative advantage of Senegal under international price

uncertainty. This study is reviewed later in this chapter.

Uncertainty pervades the food system and more generally the whole

economy in a developing country like Senegal. Therefore, it seems

essential to incorporate it in an analysis of comparative advantage.

The food security perspective adopted by our research reflects this

concern.

Few studies appear to have been done on comparative advantage in a

dynamic context ItliiIPPPV'tEDPID...be..$.193.!‘_-ebnu1.tbe_nse.of-.thgWOY‘d

,anamice Comparative advantage is dynamic in the sense that it changes

over time. The methodology used to study dynamic comparative advantage
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can be comparative statics, i.e., comparing a situation at two points

of time. Or the methodology can be dynamic; i.e., looking at the

process of change.

Most studies fall in the first category, namely a comparative

statics study of dynamic comparative advantage. Several have looked ex

post at the changing nature of comparative advantage in Japan and the

newly industrialized countries, in particular the "gang of 4": South

Korea, Taiwan, Singapore and Hong-Kong (Balassa 1977a, 1977b, Heller

1976, Whee Rhee et al. 1984).

The only research that presents a dynamic theory of comparative

advantage appears to be a study by Klein (1973). Klein incorporates a

learning factor of production in the traditional production function.

This learning factor consists of scientists that learn about and

improve the product’s production process.

Some countries such as the United States have a "learning"

advantage while other countries have a "static” advantage, i.e., a

comparative advantage with regard to the other factors of the

production function. The total comparative advantage in the production

of a particular product shifts from the first category of countries to

the other category when the production process for this product is

completely known.

This research is a comparative statics study of dynamic

comparative advantage. However, it differs from existing studies by

its food security perspective and its ex ante approach to dynamic

comparative advantage. It does not try to explain past changes in

comparative advantage, but attempts to analyze how Senegal’s
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comparative advantage situation is likely to change as a result of

changes in key exogenous and endogenous variables.

Comparative advantage will change over time because of changes in

exogenous variables which the Senegalese government does not control.

The most important exogenous variables are the world prices of
.__.-________.___-_ _fi.

agricultural inputs and products traded by Senegal as well as the share
.LL.“_MH_HM_ ,”,-_mm

of groundnuts in the fats and oils world market.

However, a basic hypothesis of this research is that comparative

advantage is not something given to the government, but rather a

situation that can be modified by appropriate policies. Our analysis

tries to identify the key variables that determine Senegal’s pattern of

production and trade and the cost of reaching food security. This will

give insights on the kind of policies that would result in the biggest

reductions of the cost of meeting food needs.

There are four major policy areas where changes could result in a

lower cost of food security: production, marketing, consumption and

international trade. The major policies in each area are briefly

reviewed hereafter.

2.2.1.1 - r l i

There are two possible mechanisms through which production

policies can reduce the cost of food security. One is an increase in

the productivity of Senegalese agriculture which reduces unit costs.of

  

production, and the other is a reduction in the uncertainty faced by
I-O“

  

the producers which makes specialization possible.

The first mechanism, a productivity increase, implies the adoption
x/

of more intensive agricultural techniques. This in turn requires a
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certain number of conditions to be satisfied including:

- The availability of the right quantity of the right inputs at the

K

nightgtime‘inithe right place. This concerns seeds, fertilizers and

agricultural equipment, credit and irrigated land with single or

double crop seasons.

In part, this involves increasing the availability of inputs,

e.g., through state efforts to promote a thriving private input

supply system that can satisfy farmer’s needs. The state can also

provide inputs with public good characteristics such as certified

seeds and irrigated land through public investment.

Improved vertical coordination in the input marketing system is

also necessary. This is discussed in the marketing policies section;

The provision of adequate EXE§Q§122.§§EXISPS to increase the

producer’s knowledge about more intensive technical practices. This

concerns primarily crops that hold the biggest growth potential in

the future: corn, cotton and irrigated crops. To be effective,

extension must use a bottom-up approach in which extension agents try

to advise farmers at their request;

The attractiveness of more intensive practices in the eyes of the

producers. Our analysis evaluates attractiveness in both financial

if§§9119VEII and economic (national) terms. ..... H

One production policy the government can use to improve the

attractiveness of the more intensive modules is to support agronomic

research on higher yielding varieties and better cultivation

practices. The government can also use marketing policies to reduce

the cost of inputs and increase the price of products for the
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producer. This issue is discussed in the marketing policies section.

The second mechanism through which production policies can reduce

the cost of food security is a reduction of the uncertainty faced by

the producers. Reduced uncertainty makes it possible for producers to

specialize more in the production of products where they are the most

efficient. There are two major uncertain variables for the producer in

Senegal: fann;level yields and output prjces;_n

- Yield uncertainty can be reduced by state support for agronomic

research on drought resistant varieties and for the development of

irrigated agriculture in the Senegal River Basin;

- Price uncertainty varies depending on the crop. For cash crops and

for rice, the official price is generally enforced. The relevant

prices for millet/sorghum, maize and cowpeas are the market prices.

The uncertainty about the official price comes from the rather

arbitrary price-fixing mechanism used and the announcing of these

prices after the planting time. Government policies to reduce

uncertainty about official prices could involve linking the official

price level with the world price level and the domestic cost of

production, and announcing the new official price level before the

planting time.

The uncertainty about the market price comes from the producer’s

lack of knowledge at planting time about the price he will receive at

harvest time for most food crops. This price depends principally on

the levels of output of the crop and its close substitutes, which

depend mainly on rainfall.

Government policy to reduce this uncertainty could involve
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announcing a floor price before planting time and stepping into the

market as a last-resort buyer at harvest time to guarantee this

price. However, there are serious questions about the cost and long

run viability of such a price stabilization scheme in Senegal (see

Martin (1986) and Ouedraogo and Ndoye (1986a and 1986b) for a review

of this issue).

2.2.1.2 -WM

There are two mechanisms through which marketing policies can

reduce the cost of food security. One is to increase the productivity

of the Senegalese agricultural.marketjnghsystem,mthusflreducing.unit

costs of marketing. The other is to reduce traders’ uncertainty, which
R -.>3...“ - ' In"...

M- I'M-W vflimdflr‘l‘, In. ~ ”MJv-fl'

would reduce the risk premium incorporated in the marketing margin and

 

foster specialization in agricultural production and marketing.

Greater productivity in the marketing system can be pursued by

policies in three majorflareas: transportation, storage and processing.

Transportation policies could involve:

- Improvements in the road infrastructure. The road network of Senegal

is good compared to that of neighboring countries. However, repairs

of existing roads and construction of new roads in more isolated

regions such as Eastern Senegal could reduce the time of

transportation and increase the lifetime of trucks. The construction

of a bridge over the Gambia river would reduce considerably the

transportation costs from Casamance to the northern part of Senegal;

.. Public support to a competitive private transportation industry. The

private sector is best suited to minimize transportation costs. Its

profit-seeking nature makes it very cost-conscious and results in
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maximum loading of trucks and two-way hauls. The role of the state

should be to encourage this sector through the suppression of

pan-territorial pricing to reflect true transportation costs, and the

promotion of interregional trade to favor market integration.

These transportation policies might lead to reduced transportation

costs. However, it is hard to predict a priori the consequences of a

reduction in transportation costs on the comparative advantage of

different regions. If we take for example the case of rice, locally

produced rice would become more competitive in Dakar, but imported rice

would also become more competitive in rice producing regions. What is

clear, however, is that transportation costs could affect significantly

the comparative advantage or disadvantage of different regions to

produce rice (Stryker 1978).

Storage policies could involve:

- A partial transfer to the private sector of an extensive and largely

underutilized public storage capacity;

- A suppression of official price fixity over time to recognize the

economic need for the trader to cover his storage costs. This fixed

level could be replaced by a large price band;

- An extension program to show farmers how to reduce storage losses at

their level.

Processing policies could involve:

‘-.A transfer of the rice milling industry to the private sector to make

it more efficient (Morris 1986);

- ‘The creation of a more competitive wheat and groundnut processing

irwdustries. Right now, wheat processing is done by two private firms
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that are given wheat grain quotas in fixed proportions by the state.

Groundnut processing is in the hands of two public companies that do

not compete with one another.

The second mechanism through which marketing policies can reduce

the cost of food security is a reduction of traders’ uncertainty. Two

kinds of policies can play a useful role here:

- Policies that clarify the rights and the responsibilities of the

traders, i.e., who has the right to buy what, from whom, when, and

where? The establishment of clear and durable trade legislation would

reduce considerably the uncertainty of traders and thus the

provisions they must make for possible fines, bribes or even seizure

of their stocks;

- Policies that enhance coordination in the agricultural system. The

state has a major role to play in promoting vertical and horizontal

coordination through the provision of facilitating services. Examples

of such services are:

- The collection and dissemination of regional and international

market information (in particular on prices and on marketing

opportunities);

- The promotion of standard grades and measures;

- The promotion of contracts between producers and traders or

between traders;

- The provision of export insurance.

Whee-Rhee et al. (1984) showed that the public provision of

facilitating services was a key factor in South Korea’s impressive

growth record .
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2.2.1.3 - The nele ef eeneenetien eoljejes

There are two major mechanisms through which consumption policies

can reduce the cost of food security. One is a change in food habits

and/the other is a reduction in population_growth to curb the growth of

food needs in the futbre.

A change of food habits will result in a lower food bill if the

populution reorients its consumption toward cheaper food products.

Several policies can be used to modify food habits such as adueutisjng

and nutritional education campaigns, and adequate processing and

packaging of the advertised products. In any case, food habits are

slow to changeand respond primarily to the relative price of each food

product.

The second mechanism through which consumption policies can reduce

the cost of food security is a reduction in population growth. The

major policy in that area is the promotion of birth central. This can

only be a very long-run endeavour because of the sociological and

psychological resistances to birth control in Senegal. Even if

accepted and put into effect, birth control would have an impact an the

level of food needs only in the very long run because of demographic

momentum. _At an even longer time horizon, the reduction of the

population will also reduce the size of the labor force.

J 2.2.1.4 -WWW

Senegal is a small country and a price-taker on all world markets

where it is present. It is directly subject to world price

fluctuations on the import side and on the export side. Furthermore,

this country belongs to the French Franc zone which means it has no
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control over the value of its currency, the CFA Franc being pegged to

the French Franc. This increases even more the fluctuations of world

prices expressed in domestic currency.

There are nuufutures markets in the products traded by Senegal

which could be used to protect this country from uncertainty in world

prices (see Gordon and Rausser (1984), Lewis and Fry (1984), Thompson

and Bond (1987) for an analysis of this trade policy). However, the

Senegalese government can try to reduce world price uncertainty by

negotiating long-term contracts with major suppliers and customers.

The government also wants to protect the domestic market from too

much price variation and has set up a parastatal in charge of absorbing

the positive or negative differences between the world price and the

domestic price. Too much isolation from world markets can lead to

gross inefficiencies and a huge deficit for the parastatal, but too

much variation in domestic prices is politically unacceptable and

increases uncertainty for all economic agents.

To conclude this presentation of policies that can potentially

change Senegal’s comparative advantage and reduce the cost of food

security, it seems clear that a number of these policies are related

and must be consistent with one another to be effective. For example,

it does not make sense to increase the productivity of a particular

crop and thus probably its production if the marketing system is not

ready to market the extra output and if there is no domestic or

international demand for it.
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2.2.2 - iri al f iv dv t

A number of methods have been proposed to analyze comparative

advantage. They fall into three broad groups: the Hecksher-Ohlin

theory tests, the revealed comparative advantage methods and the

comparative costs methods.

The Hecksher-Ohlin theory has been tested empirically by three

different kind of studies (Leamer 1984). The first set of studies

consists of factor content studies which take measures of trade and

factor intensities and infer from them the factor abundance. The best

known study in that category is by Leontieff (1953) who found that

American imports were more capital intensive than American exports. He

interpreted this result to mean that the United States was scarce in

capital compared with labor. This famous Leontieff’s paradox spawned

an enormous literature.

The second kind of studies consists of cross-commodity studies of

trade and input intensities. These studies also measure trade and

factor intensities to infer factor abundance in the same way as the

first set of studies, but they use regression of net exports on factor

input intensities (Baldwin 1971, Branson et al. 1977, Harkness 1978).

The third kind of studies consists of cross-country studies of

trade and resource endowments which use data on trade and endowments

and infer trade intensities. They regress net exports across countries

on measures of factor endowments (Leamer 1974, 1984, Chenery and

Syrquin 1975).

The second group of methods used to analyze comparative advantage

consists of the revealed comparative advantage methods. They attempt
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to determine comparative advantage on the basis of actual trade flows

(Balassa 1977b, Vollrath 1985). A number of them use the export share

measure of revealed comparative advantage that entails dividing the

share of a country’s exports in world trade of a given commodity by the

country’s share of the total world trade.

A basic problem with these methods is that a number of trade

barriers affect trade flows, in particular teniffs, quotas, licences

anuuuubsidies. It has been suggested to work with export data, which

have fewer distortions than import data (Hillman I980).

The third group of methods consists of cempgrative costs methods.

Two methods have been used. The first method is a partial equilibrium I

approach and uses concepts of net social profitability, resource cost

ratio and domestic resource cost. I I V

The net social profitability of an activity is the difference 5

between the value of the outputs and the value of the inputs used. I,/’

Both values are calculated using shadow prices expressed in terms of

border prices.

The_uesource cost ratio of an activity is the ratio of the Value

of inputs used over the value added by the activity. \Both values are

calculated using shadow prices expressed in terms of border puices.

The domestic cost ratio is the same as the resource cost ratio except

that the value of inputs (the numerator) is calculated using shadow

prices expressed in terms of local currency.

An activity is considered efficient, or alternatively a country is

considered to have a comparative advantage in an activity, if one of

the three conditions listed below is satisfied:

\-
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- Its net social profitability is greater than or equal to zero;

- Its resource cost ratio is smaller than or equal to one;

- Its resource cost ratio is smaller than or equal to the shadow

exchange rate of its currency.

This methodology has been applied to the case of rice in Senegal

by a Stanford/WARDA project. Tuluy (1978, 1979), Pearson et al. (1981)

and Craven (1982) showed that rice production was inefficient in

Senegal under the price and production conditions of the

mid-seventies. However, some activities such as upland animal traction

and improved manual swamp cultivation in the Casamance as well as

manual irrigated production in the Senegal river basin would have

entailed relatively small social losses. Moreover, some activities had

a positive social profitability at the farm level.

The authors pointed out one major reason for this inefficiency in

rice production, namely the remoteness of the producing areas

(Casamance and the Senegal River Basin) from the most important

consuming area (Dakar) which adds high transportation costs to the

local costs of production. Rice production might still be considered

desirable if other objectives are considered such as an increased

security in food production and a better regional distribution of

income.

The Stanford/WARDA study brought important empirical insights

about the efficiency of rice production in the Senegal. However, the

partial equilibrium methodology used does not provide the policy-maker

with a global view of the interactions between major input and output

markets. Also the study based its conclusions on data from the
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mid-seventies. Rice production conditions are changing considerably in

the Senegal River Basin with:

- The restructuring of SAED (the parastatal involved in rice production

and marketing in this region);

- The completion of two major dams on the Senegal river which make

generalized double cropping technically possible;

- The increased experience of Senegalese farmers in rice production.

Thus, the study’s conclusions need to be periodically reevaluated.

The second comparative costs method is to build a model of the

agricultural sector to find the optimal pattern of production and

trade. Jabara (1979) built such a model for Senegal using linear

programming. Her objective was to look at the impact of the

introduction of uncertainty on comparative advantage.

Her model incorporated production, processing, domestic and

international trade and demand activities for six major products in six

regions. Following Duloy et al. (1975), the model’s objective function

was to maximize the sum of consumer and producer surpluses to obtain

competitive equilibrium prices. Moreover, the objective function

included a penalty for trade risk, which was modelled following a MOTAD

(Minimization Of Total Absolute Deviation) specification (see Hazell

(1971) and Hazell et al. (1974) for a review of this specification).

Jabara found that under certainty conditions, Senegal had a

comparative advantage in peanut production and a comparative

disadvantage in cereals production. With uncertainty in international

prices and in domestic export production, the production of cereals

increased at the expense of peanuts. With risk in domestic production
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of import substitutes as well as the above mentioned sources of

uncertainty, the pattern of comparative advantage was not clear and

depended on the relative weights associated with the various sources of

uncertainty.

Jabara’s methodology presented a certain number of advantages:

It took into account the interdependence of major agricultural input

and output markets;

It took into account the demand side and calculated competitive

equilibrium prices;

It tried to incorporate the effect of uncertainty on comparative

advantage.

However, the model presented a certain number of limitations:

Its results were not very conclusive. To conclude that uncertainty

associated with international prices and domestic production of

export crops favors domestic cereals production seems reasonable

enough and might not require the elaboration of an agricultural

sector model. Moreover, the design of the model seems to lead

inevitably to the result obtained, given the penalty on uncertain

trade activities in the objective function.

The more interesting and realistic case is when all sources of

uncertainty are acknowledged, including uncertainty in the domestic

production of import substitutes. In this case, the model did not

give a clear answer.

Jabara considered production as an uncertain variable, which is true

from the government’s perspective, but not completely true from the

producer’s perspective. The level of production is a function of the
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yield (an uncertain variable for the producer) and the area

cultivated (a decision variable controlled by the farmer). One

needs to distinguish between sources of uncertainty at the

producer level and at the government level. Jabara also ignored

the uncertainty for the government and for the producer about

market prices;

- Mo farm survey data were available to build the model. Input/output

coefficients were taken from various secondary sources. Available

data on the demand side is limited and not very reliable in Senegal.

No sensitivity analysis was conducted on the demand parameters, costs

of production or international prices. This raises questions about

the empirical validity of the optimal pattern of production and trade

derived from the model.

Finally, since the analysis was based on data from the mid-

seventies, it should be updated to take into account changes in the

domestic and the international economies during the last ten years.

Out of all the methodologies which can be used to measure comparative

advantage, the agricultural sector modelling methodology was selected

since:

- It provides a global view of comparative advantage;

- It is suitable for the simulation of different policies.

There are some difficulties in estimating comparative advantage

empirically using comparative costs methods. The theory assumes an

accurate estimation of national costs of production and of the world

price for the product under consideration. This is far from easy,

however.

Rainfed cultivation in many developing countries, especially in
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Africa, does not use purchased inputs and agricultural equipment

intensively. The main factor of production is labor. As a result, the

guutfief production under rainfed conditions depends significantly onTTT

the value given to labor. I

Agricultural wage labor is not extensively used in many

countries. This reduces the validity of the agricultural wage as the

basis for valuing labor. Another method is to value labor according to

the average net margin per man-day of on-farm labor, calculated from

crop budgets.1 Still another method is to value labor at its shadow

price estimated in a linear programming farm model. Whatever the

method adopted, one must be cautious in the analysis of costs of

production for rainfed agriculture.

The cost of production in irrigated agriculture is also hard to

 

"M

estimate. Should the initial investment required to create the

irrigated infrastructure as well as the cost of foreign technical

assistance be included in the cost of production? A erjeri, it seems

reasonable to decide that past investments are sunk costs and,

therefore, should not be counted as costs of production. However,

future planned investments and recurrent costs on existing irrigated

perimeters should be considered as costs.

Foreign technical assistance should not be counted if it is a gift

to the country or if it is a very long-term loan with very little

chance of being ever paid back. However, if the country is paying for

some of the cost of living of the foreign experts such as housing,

 

1After deduction of all other costs than family labor.
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these expenses should probably be considered as part of the cost of

production.

Whatever the method adopted, the inclusion or the exclusion of

these costs will influence the total cost of production significantly,

given their magnitude. Therefore, the cost of irrigated cultivation is

also subject to alternative estimates.

One must also be cautious when selecting world prices for the

anelyeis. First, these prices fluctuate over time and it is not always

easy to know which reference level to use.

Second, the economic significance of world prices can sometimes be

questioned, in particular for cereals. The United States and the

European Community compete vigorously in the world cereals market,

using direct and indirect subsidies to lure potential buyers. As a

result, the export price falls well below the real cost of production

in Europe or in the United States.

This benefits food deficit countries in the short run since it

lowers the opportunity cost of obtaining cereals. However, A

comparative advantage analysis should take a longer-run view, asking_

uEEther current_world prices are likely to be maintained over a

_ significant period. If this ishngt‘eeutain, then local production will

be uure attractive relative to imports.

In this regard, the world price of broken rice possesses some

special characteristics. Only 4% of the world production of rice is

traded in the world market.1 Therefore, the world price of rice is

 

lSiamwalla and Haykin (1983), p.13.
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set in a residual market that does not necessarily reflect the costs of

production in Asian countries.

This phenomena is all the more important since Senegal imports

100% broken rice, which is a by-product of paddy rice processing. The

world market for broken rice is even narrower than the market for

whole-grain rice.

‘23 -cher;_importan_t_asp_ects

Three other aspects are important in this research: food habits,

the budgetary implications and the foreign exchange implications of

alternative food strategies.

Food habits constrain food policy Options in the short to the

medi um run. In the long run, one can expect food preferences to be

open to change.

The budgetary implications of alternative food strategies are hard

to estimate in detail. However, it is important to try to come up with

an estimate of the rough impact of different strategies on the national

budget. Most developing countries experience high budget deficits and

try to limit their expenses.

Food strategies aiming at increasing the level of food self-

suf"Triciency through increases of the producer prices of food crops

imply corresponding increases in the consumer prices of food and/or

SUbs 1dies from the state. It is interesting to estimate empirically

the amount of subsidies corresponding to different levels of producer

pricEs that would be required to avoid any increase in consumer prices.

I\ food strategy oriented toward more food self-sufficiency would

a

13° mean more investment. Estimating the amount of investment
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required to reach a certain level of food self-sufficiency is also a

parameter of interest for the decision-maker.

Apart from the budget implications, the impact of different food

strategies on foreign exchange needs to be considered. A strategy

oriented toward more food self-sufficiency will probably result in

reduced food imports. However, a higher rate of food self-sufficiency

usually means less land allocated to export crops, a smaller production

of export crops, and reduced export revenues. Also, higher food

production might require the use of foreign exchange-intensive inputs

such as chemicals, equipment, and fuel. The question of the net

foreign exchange savings of a food self-sufficiency strategy is thus an

empirical issue.

2.4 - : 1‘0 - 1 00-7 . fooq - _ ' ,1: orn 11: v' ,o a to-

The theoretical model proposed consists of two models: a farmer

model at the microeconomic level, and a policy-maker model at the

macroeconomic level. Both models have a similar structure.

2.4-1- thfameLmodel

2.4.1.1-W

The farmer can produce two crops: one CEEE,EIQP (X) and one food

or- \“‘—‘"'
crap (V). Leuus make the following definitions:

F t Food needs of the farmer’s household (in kilos).

N = Average level of food crop production desired by_the farmer which

covers a high share of the household’s food needs.

’1 3 Minimum level of food crop production desired by the farmer which

covers a minimum share of the household’s food needs.

F’ i Ratio of the cash crop price over the food crop price



44

(PX/FY). Px and PY are farm gate prices.

c : Consumption index.

p : Production index.

The farmer can adopt differeut strategies which correspond to

different utility functions and to different shapes of indifference

curves. Two strategies are considered here: an income maximization

strategy and a food security strategy.

- me i i i n s

The income maximization strategy follows the standard neoclassical

model of production and trade under certainty. The farmer’s utility

function has two arguments: u - u(Xc,Yc). The utility function is

unique and continuous in the space defined by the three dimensions X, Y

and u (see Figure 1). The corresponding indifference curves in the

[ilane (X,Y) are continuous and monotonic, with the first two

derivatives being negative.

If the farmer cares only about maximizing his income, his optimal

strategy, given the production frontier ab and the price ratio P as

drawn on Figure 2, is to specialize in the production of the cash crop

X. The farmer produces X3 and Y1. Then he trades X3 - X2 to

buy Y3 - Y1, so that he can consume X2 and Y3. The production

pairrt (B) and the consumption point (C) can be separated thanks to

trade (see Figure 2).

Without the possibility of trade, the farmer is at A. He produces

and Consumes X1 and Y2. Point C is on a higher indifference curve

(“1) than point A (no) and so the farmer is better off when trade

18 Possible.
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FIGURE 1

UTILITY FUNCTION FOR THE PROFIT MAXIMIZING FARMER
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FIGURE 2

OPTIMUM PRODUCTION, CONSUMPTION AND TRADE

FOR THE PROFIT MAXIMIZING FARMER
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- Watson:

The farmer’s utility function has three arguments:

w - w(Xc,Yc,Yp). The utility function is different when Yp > N

and when Yp s N, which creates a discontinuity at Yp - N.

Indifference curves are also discontinuous at that level.

For Yp > N, the utility function is as in the income

maximization case: w - u(Xc,Yc). For Yp s N, the utility

function is w . u(Xc,Yc) * H(Yp) where H(Yp) is a function as

drawn in Figure 3.

The slope of the indifference curves are much flatter when

Yp s N, reflecting the very high value given to food production below

N. The indifference curves are asymptotical to the M horizontal line,

refTecting the fact that the farmer wants absolutely to produce a

rninimum M of product Y (see Figures 4 and 5).

The farmer can reach complete food self-sufficiency at E, which

'Iies on the "0 indifference curve (Figure 5). However, with the

iruiifference curves as drawn in Figure 5, the highest indifference

curve the farmer can reach, while staying on the production possibility

curve, is "’1 at point G. It is worth pointing out that the

Production solution is invariant to any reasonable range of price ratio

P as long as Y SN.
p

Then the farmer sells X6 - X5 to buy Y4 - N. The farmer’s

household consumes at H on indifference curve wz and its food needs

are satisfied since Y4 > F.
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FIGURE 3

UTIUTY FUNCTION AND LEVEL OF PRODUCTION OFTHE FOOD PRODUCT

FOR THE FARMER CONCERNED WITH FOOD SECURITY
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FIGURE5

OPTIMUM PRODUCTION, CONSUMPTION AND TRADE

FOR THE FARMER CONCERNED WITH FOOD SECURITY
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2.4-1-2 -WW

Let us describe successively the income maximization strategy and

the food security strategy.

- m m' ' r

The formulation presented for this strategy is similar to the one

used by Jabara (1979 pp. 23-26) for a national model of production and

trade.

Let us make the following definitions:

X : One cash crop;

Y : One food crop;

Yp - f (Xp) production possibility curve with f1 < 0

and f11 < O;

c : Quantity consumed index;

p : Quantity produced index;

5 : Quantity sold index;

P : Ratio of prices PX / PY;

Then Xc - X - Xs
p

Yc - Y + P Xs
p

u - u (XC,YC): Utility function of the farmer

"del" means partial derivative.

The unknowns are Xp and X5.

The first-order conditions for utility maximization are:

del u del u del u del Y

+

del X del Xc del Yc del X

(1) "  
  

P P

' U1 + U2 f1
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- 0

del u del u del Xc del u del Yc

(2) - +

del Xs del Xc del Xs del Yc del Xs

- - "1 + u2 P

- 0

From (I), we obtain:

u

_1.-,1

u2

From (2), we obtain:

u

.1...)

u2

II>P=|-f'-1

The marginal revenue of a unit of X is equal to the marginal cost

of this unit. This solution corresponds to the graphical optimum at B

on Figure 2.

-lhe_Eo_o_d_secur_i_t.L§_tLateez

The difference with the previous case is the specification of the

utility function:

w (Xc,Yc,Yp) - u (Xc,Yc) when Yp > N

- u (Xc,Yc) * H(Yp) when Yp s N

where H(Yp) -- aYpz +pr+c

$53 want H’(N) - 0 and H(M) - 0 (see Figure 3)

.So - ZaN + b - 0 -> b - ZaN

and c-aM2 - bMa-aM2 - 2aNM

Then H(Yp) - - aYp= + 2aNYp +aMz - 2aNM
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Without loss of generality, we can set a . 1.

1 + 2NY + M’ - ZNMThen H(Yp) - - Yp p

When Yp > N, we have the same solution as in the income maximization

strategy. When Yp s N, W is maximized with respect to Xp, XS and

Y .

   

  

 

 

  

P
 

p'

del w del u del u del Yp del H(Yp) del Y

(1) - H(Yp) + H(Yp) +

del Xp del Xc del Yc del Xp del Yp del X

del H(Yp) f

. u H(Y ) + u H(Y ) + u

1" z p delYpl

= 0

del w del u del Xc del u del Yc

(2) ' H(Yp) T H(Yp)

del Xs del Xc del Xs del Yc del Xs

del H(Y ) del Y

+ p p u

del Yp del Xs

del H(Y )

a “1 H(yp) + “2 P H(Yp) + -——--£-(-P) u

del Yp

. 0

del w

(3) - u (-2Yp + 2H)

del Yp

= O

From (3), we obtain:

vp - N -> H(Yp) - o

Raplacing in (1) and (2), we have

del w del w

“‘—-—-- 0 and

d9] Xp del XS

 

= 0

P

U
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The farmer produces N of Y and f'1(N) of X which corresponds to point

G on Figure 5.

2.4.2 - model

The eolicy-maker model is the farmer model transposed at the macro
-___..—-—

level. Therefore, we will only present the graphical model.

.-

Let us make the following definitions:

-dn.
”~-

_ .-

X : One cash crop

Y : One food crop

AB : The production possibility curve of the country

T : The food needs of the country

Pw : Ratio of the cash crop price over the food crop price

PXw / PYw° PXw and PYw are border prices.

As in the farmer’s case, we will consider two strategies: an

income maximization strategy and a food security strategy.

- II . . . I' ! !

This is the standard neoclassical model of production and trade

under certainty. Given the production frontier AB and the world price

ratio Pw as drawn on Figure 6, the decision-maker will transmit Pw

to the producers so that the country produces X3 and Y1.

Then, X3 - X2 is exported to import Y3 - Y1. The country

consumes at point E which puts it on indifference curve U1. This

.solution is preferable to autarky (point C on indifference curve U0).

-Wm

If the decision-makers want to achieve a minimum rate of food

sel f-sufficiency as part of a food security strategy, they would like

the country to be at G on the production frontier (Figure 7). To reach
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FIGURE 6

OPTIMUM PRODUCTION, CONSUMPTION AND TRADE FOR THE COUNTRY

WHOSE GOVERNMENT IS CONCERNED WITH INCOME MAXIMIZATION
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FIGURE 7

OPTIMUM PRODUCTION, CONSUMPTION AND TRADE FOR THE COUNTRY

WHOSE GOVERNMENT IS CONCERNED WITH FOOD SECURITY
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that objective, they have to offer P to the producer rather than P”.

P is smaller than Pw in absolute value, i.e., the relative price of

the food product must be increased.

The country then exports X5 - X5 to import Y4 - M. It

consumes X5 and Y4 (point H). The decision-makers are sure there

is enough food to meet the food needs of the population since Y4 > T.

To review this chapter, a conceptual framework was proposed, based

on a micro-macro approach to food security and comparative advantage.

The relevant literature was reviewed at the same time. A theoretical

model was presented to illustrate the relations between the key

variables of the conceptual framework. The next chapters present the

empirical part of the research. This starts with an analysis of the

food situation in Senegal in Chapter 3.



CHAPTER 3

ANALYSIS OF THE FOOD SITUATION IN SENEGAL

The food situation in Senegal is analyzed using the five key

concepts identified in the previous chapter: food security, comparative

advantage, food habits, the budget implications and the foreign

exchange implications. In this chapter, only secondary data are used.

Their quality is sometimes less than desirable, in particular regarding

consumption. Therefore, the general magnitudes of the data presented

are more reliable than the specific numeric estimates.

3.1 -W

Food security in Senegal is analyzed, first, from the policy-

rnaker”s perspective and, secondly, from the farmer’s perspective.

3.1.1 - Eeee_§ecuritv for the Senegaleee gevernnent -

As mentioned in the previous chapter, there are four aspects of

food security likely to be important to the Senegalese government: the

level of food self-sufficiency, the importance of the agricultural

sector, the regional land management policy and the variations in the

food bill.

58
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3.1.1.1 - The level ef eereele eelf-eeffieieney

The position of the Senegalese government has changed recently

regarding this issue. Since well before independence, Senegal has

followed a strategy based on specialization in the production and the

export of groundnut products, which pay for the import of Asian broken

rice to feed its population. This strategy was questioned for the

first time in 1977 in the Food Investment Plan published by the

Ministry of Rural Development. This plan called for a voluntary policy

of substitution of local cereals for imported cereals, but the policy

was never put into effect.

More serious modification of the specialization strategy occurred

in 1984 with the definition of a New Agricultural Policy, in 1985 with

the publication of the Seventh Plan of Development, and in 1986 with

the elaboration of a Cereals Plan (Ministere du Développement Rural

1986). In these documents, the government set a goal of 80% food

self-sufficiency by the year 2000, implying a shift of priority from

industrial crops to cereal crops.

It is not really clear what is meant by food self-sufficiency. We

will interpret it as meaning cereals self-sufficiency, given the

importance of cereals in Senegalese consumption.l We will also use

data for milled quantities of cereals rather than for unmilled

1According to surveys conducted by the "Organisme de Recherche sur

I’Alimentation et la Nutrition en Afrique Noire" (ORANA), in 1978-81,

annual per capita cereal consumption made up on average 57.8% of total

calories consumed and 50.3% of total protein consumed in urban areas,

and 60.3% of the calories and 49.4% of the protein consumed in rural

areas (Secretariat Chargé de la Décentralisation 1984 p. 278).



60

quantities to have a consistent measurement across cereals and across

sources of supply.

In order to estimate the feasibility of the Senegalese

government’s new objective, the evolution of the cereals balance sheet

from 1974 to 1985 is analyzed, followed by a study of the regional

cereals balance sheets for 1983-85. Finally, several projections to

the year 2000 of the national cereals balance sheet are presented.

3.1.1.1.1 - volu ion h ' na r al alance

eneet from 1974 to 1985

The national cereals balance sheets expressed in tons of milled

product are presented first for all cereals combined and second for

each cereal. The total cereals supply increases 29% from 845,170 tons

in 1974-76 to 1,093,070 in 1983-85 (see Figure 8).1 National cereals

production decreases 17% from 513,640 tons in 1974-76 to 428,100 tons

in 1983-85. Moreover, the share of national production in the total

supply of cereals, i.e., the self-sufficiency level, decreases from 61%

in 1974-76 to 39% in 1983-85.2

The absolute value and the share of the national production

fluctuate a lot from year to year in response to rainfall (see

Figure 9).3 This reflects the predominance of rainfed agriculture in

Senegal.

Commercial imports of cereals increase 75% from 294,110 tons in

 

1See also Table 39 in Appendix A.

ZSee Table 40 in Appendix A.

3See also Table 42 in Appendix A.
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1974-76 to 514,580 tons in 1983-85. The share of commercial imports in

the total supply of cereals increases from 35% in 1974-76 to 47% in

1983-85.1

Food aid2 in the form of cereals increases 302% from 37,420 tons

in 1974-76 to 150,380 tons in 1983-85. The share of food aid in the

total supply of cereals increases from 5% in 1974-76 to 14% in

1983-85.1 '

The total supply of cereals per capita expressed in kilos of

milled product stays around the same average level of 171 kilos during

the period 1974-76 to 1983-85 (see Figure 10).3 Expressed in kilos

of unmilled product, it is always above the 200 kilos norm considered

as necessary by the FAQ to satisfy per capita food needs in Sahelian

countries. The increase in the volume of commercial imports and food

aid made it possible to maintain the consumption of cereals by the

Senegalese population at a satisfactory level.4

Millet/sorghum has the biggest share in the total supply of

cereals, but it decreases from 56% in 1974-76 to 45% in 1983-85. The

share of wheat remains the same at 9%. The share of maize also Stays

 

1See Table 40 in Appendix A.

2Official data on food aid varied significantly among donors and

Senegalese ministries or agencies. Considerable time was spent trying

to come up with better estimates of food aid distribution by donor, by

product and by region by looking at the detailed monthly records of the

”Commissariat a la Sécurité Alimentaire" and by visiting all the major

donors .

3E§ee Table 43 in Appendix A.

4A\t least compared to the FAO norm measured in kilos.
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at roughly the same level, going from 7% in 1974-76 to 8% in 1983-85.

Meanwhile, the share of rice increases from 28% to 38% during the same

period.1

The share of millet/sorghum in national cereals production is by

far the largest, but it decreases from 85.5% in 1974-76 to 73.9% in

1983-85, reflecting the decrease in the average level of production

from 434,550 tons to 318,200 tons during that period. The share of

rice in national production increases slightly from 10.5% in 1974-76 to

14.7% in 1983-85, the production level going from 54,730 tons to 61,500

tons during the same period. The share of maize in national production

increases significantly from 5% in 1974-76 to 11.3% in 1983-85, the

production level going from 24,360 tons to 48,400 tons (see

Figure 11).2

Rice is by far the most important imported cereal, followed by

wheat (respectively 67% and 20% of imports from 1974 to 1985). The

share of rice in the commercial imports of cereals fluctuates from year

to year without any clear trend. However, the share of wheat decreases

from 27% in 1974-76 to 14.5% in 1983-85. The share of millet/sorghum

fluctuates a lot from year to year and represents on average 9% of

commercial imports of cereals. The share of maize is marginal (4%)

(see Figure 12).2

In food aid received by Senegal, sorghum is the most important

cereal (50% of food aid from 1974 to 1985), followed by maize (20%),

lSee Table 41 in Appendix A.

2See also Tables 39 and 41 in Appendix A.
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wheat (16%) and rice (14%). The respective shares of the different

products fluctuate a lot from year to year (see Figure 13).1

3.1.1.1.2 - The regienel eeneele ealence eheets for

1.9.8.3;85

As for the national cereals balance sheets, the regional cereals

balance sheets2 are presented first for all cereals combined and

second for each cereal. The cereals balance sheet varies significantly

from one region to the other3, even though all regions experience an

overall deficit4 (see Figure 15).5

In general, the farther north in the country, the smaller the

share of production and conversely the higher the shares of commercial

 

1See also Tables 39 and 41 in Appendix A.

2The regional cereals balance sheet is obtained by calculating the

difference between the estimated cereals consumption and the cereals

production in that region. Regional consumption is the sum of both

urban and rural consumption. The latter is calculated by multiplying

the estimated per capita consumption (see Table 47 in Appendix A) by

the corresponding population.

3Senegal is disaggregated into eight regions according to A

administrative boundaries: Cap Vert, Casamance, Diourbel, Eastern

Senegal, Fleuve, Louga, Sine-Saloum and Thies (see Figure 14). Time

series on production, trade and food aid are only available for those

administrative regions. Administrative regions were redefined in 1984

as follows: Cap Vert, Ziguinchor and Kolda corresponding to the old

Casamance, Diourbel, Tambacounda corresponding to Eastern Senegal,

St. Louis corresponding to the Fleuve, Louga, Fatick and Kaolack

corresponding to Sine-Saloum, and Thies.

4When net production represents less than 50% of net consumption in a

given region, this region is called a large deficit region. When net

production represents more than 50% and less than 100% of net

consumption, it is called a small deficit region.

5See also Table 48 in Appendix A.
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imports and food aid. Ranking the regions according to the share of

production in the total cereals supply gives the following results:

First comes the region of Sine-Saloum with a high share of its

cereals supply from local production (66%), a 26% share from commercial

imports and a small share from food aid (8%).1 Several factors

contribute to this situation: enough rainfall on average, a relatively

sparse population in its eastern part so that soils are not

overexploited and a relatively good access to agricultural inputs and

equipment.

Second come two regions with relatively high shares of production

and commercial imports: Casamance and Eastern Senegal. Production

makes up on average 48.5% of the total supply of cereals, commercial

imports 43%, and food aid 8.5%.1 These two regions benefit from good

rainfall, but their productive potential is constrained by the limited

availability of agricultural equipment, the scarce rural population in

Eastern Senegal and the shortage of good land in Lower Casamance.

Third comes another group of two regions: Diourbel and Thies.

They receive a similar share of their cereals supply from commercial

imports to the one of the previous group. However the share of

production is slightly lower and that of food aid slightly higher.

Production makes up on average 46% of the total cereals supply,

commercial imports 40% and food aid 14%.1 These zones, which cover

the center of the Groundnut Basin, are in general heavily populated

iwhich contributes to soil depletion. They were also affected by below

 

1See Table 45 in Appendix A.
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average rainfall during the period studied.

Fourth the Louga zone located further to the north experiences a

high deficit. Production makes up 28% of the total supply of cereals

against 28.5% for commercial imports and 43.5% for food aid.1.

Two regions exhibit special features: the Senegal River Basin and

the Cap Vert region. The development of irrigated cultivation in the

Senegal River Basin makes it possible for production to represent 45%

of the total supply of cereals in that zone compared to 28% for

commercial imports and 26% for food aid.1.

The Cap-Vert region is a predominantly urban area whose major

supply source is commercial imports (97.5% of the total supply of

cereals). Cereals production is essentially zero. Food aid is also

very low in that region (2.5% of total cereals supply)1.

The shares of each cereal in regional cereals supply2 vary

significantly from region to region:

- The supply in the Groundnut Basin regions (Diourbel, Thiés,

Sine-Saloum) consists mainly of millet/sorghum (74% for Sine-Saloum

and 54.5% on average for Thies and Diourbel) which is nearly all

locally produced. In those regions, rice comes second (15.5% for

 

1See Table 45 in Appendix A.

2Regional cereals supply is calculated as the sum of regional

production, commercial imports, and food aid sent to that region.

Since we do not take into account interregional cereal transfers given

the lack of data, this estimate of regional supply may be an

underestimate or an overestimate of the amount available for regional

consumption. However the estimate does provides insights into the

relative importance of each cereal in each region.
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Sine-Saloum and 33% on average for Thies and Diourbel) and is

imported;

- Millet/sorghum is also important for Casamance (44%) and Eastern

Senegal (61%), but other cereals (mainly locally produced) represent

a significant share of the cereals supply, such as maize in Eastern

Senegal and rice in Casamance (respectively 26% and 38% of the

regional supply);

- The Louga region produces mainly millet/sorghum, but falls far short

and must receive commercial imports of rice (24% of total cereals

supply) and food aid composed of sorghum and wheat (respectively 57%

and 19% of total cereals supply);

- The supply in the Fleuve region consists mainly of rice (59%) which

is mainly locally produced on irrigated perimeters;

- The supply in the Cap Vert region consists mainly of rice (77% of the

total supply). nearly all imported (see Figure 161).

The next step after this analysis of the supply of cereals is to

estimate the surplus or deficitz by cereal and by region. This

implies matching regional production with estimated regional

 

1See also Table 46 in Appendix A.

2When net production represents less than 50% of net consumption in a

given region, this region is called a large deficit region. When net

production represents more than 50% and less than 100% of net

consumption, it is called a small deficit region. When net production

represents more than 100% and less than 150% of net consumption, it is

called a small surplus region. When net production represents more

than 150% of net consumption, it is called a large surplus region.
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consumptionlz

Regarding millet/sorghum, only one region (Casamance) exhibits a

surplus and another one has a zero surplus (Sine-Saloum). The center

of the Groundnut Basin (Diourbel and Thies) and Eastern Senegal are

small deficit areas. The major urban area (Cap Vert), the rainfed

north of the Groundnut Basin (Louga), the irrigated areas in the

north (Fleuve) are large deficit areas (see Figure 172).

Regarding maize, one region (Eastern Senegal) shows a large surplus.

All other regions have large deficits, except for Casamance and

Sine-Saloum that have small deficits (see Figure 182).

Regarding rice, all regions are deficit areas, even the producing

regions (Fleuve and Casamance) (see Figure 192).

Regarding wheat, all regions have large deficits since this cereal is

not produced in Senegal (see Figure 202).

To conclude this analysis of the present cereals balance sheet and

its recent evolution, it is clear that the cereals deficit has

increased during the last ten years despite variations according to

region and cereal. Eetimatee on the ensie ef euentitiee ef njlled

enoeuet, the eereals self-sufficient! level deereased frem §1% in

1974-76 to 39% in 1983-85. Thus, the country has been moving away from

the 80% objective set by the government for the year 2000. Is it

possible to correct that trend to meet the government’s objective? This

question is analyzed in the next part.

 

1See Table 47 in Appendix A.

2See also Table 48 in Appendix A.
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3.1.1.1.3 - Prgjgctgd cereal; bglgngg sheets

Projections of the cereals balance sheet depend of course on the

assumptions made. Projections of cereals production depend on the

assumed growth of cultivated areas and yields. The predicted

availability of credit, agricultural inputs (seeds, fertilizers), and

agricultural equipment, and the predicted relative prices of inputs and

outputs, will also influence the projections. Regarding irrigated

cultivation, assumptions about the increase in irrigated area and the

1 play a crucial role.coefficient of cropping intensity

0n the demand side, assumptions about population growth and per

capita cereals demand are critical. In general, the planned evolution

of the institutional environment will have an important influence on

the future cereals balance sheet, in particular the role of the state

and of the private sector in the production and the marketing of

agricultural inputs and outputs.

The first approach to making projections is to start from

estimated future cereal needs and examine what this implies for

production taking as a constraint the government’s objective of 80%

cereals self-sufficiency by the year 2000. This is the approach used

by FAO (1985).2 The advantage of this method is to show clearly the

 

1The coefficient of cropping intensity measures the extent of double

cropping. For example, a coefficient of 1.4 means that 40% of the

irrigated zone grows two crops per year, and 60% one crop per year.

2FAO makes projections only until 1995 and therefore uses a cereals

self-sufficiency objective of 75% by this date. See Table 49 in

Appendix A.
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infeasibility of the self-sufficiency objective, in light of the heroic

assumptions required to achieve it.

Apart from very optimistic assumptions1 about the

intensification of rainfed agriculture, the most unrealistic

assumptions are those made for the development of irrigated

agriculture. The FAO estimates that the government’s objective can be

reached with an annual increase of 3,800 hectares of new irrigated

perimeters, a coefficient of cropping intensity of 1.8, and yields of 6

tons of paddy rice per hectare.

At present, however, only about 2800 hectares of new irrigated

perimeters are created every year. Moreover, a number of irrigated

perimeters are not fully cultivated and must be rehabilitated.

Therefore, the real annual increase in irrigated zones is around 2,500

hectares, i.e., below the 3,800 hectare target.

The coefficient of cropping intensity on irrigated perimeters is

presently a little above 1, i.e., there is very little double

cropping. Perimeters that have two cropping seasons per year (for

example, rice in the rainy season and tomato in the cold dry season)

often do not represent true double cropping since each crop is grown on

separate plots.

The completion of the Manantali dam in 1987 will make the

generalization of double cropping theoretically possible. It remains

 

lRainfed millet/sorghum production must go up 29.5% on average, from

562,770 tons for the period 1974-85 to 729,000 tons in 1995. The

production of rainfed maize must go up 292%, from 80,400 tons for the

period 1983-85 to 315,000 tons in 1995.
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to be seen if farmers are ready to make the investment in money and

time to double crop if single cropping can satisfy most of their food

and cash needs. The realism of a coefficient of cropping intensity of

1.8 thus appears questionable.

Finally, the present average rice yield on irrigated perimeters is

around 4.7 tons of paddy per hectare. The FAO assumption of an average

yield of 6 tons seems a bit optimistic.

In short, the assumptions necessary to meet the government’s

cereals self-sufficiency objective seem unrealistic. Thus, the 80%

self-sufficiency objective itself appears unattainable.

Another approach to forecasting the cereals balance sheet is to

project production using realistic assumptions and then compare it with

projected cereals demand. This approach is adopted by Abt Associates

(1984)1 and by the ”Secretariat d’Etat Chargé de la Décentralisation"

(1984). Both studies come to the same conclusion: even with optimistic

2, the level of cereals and grainassumptions about production

self-sufficiency will probably stay unchanged from 1983-85 to 1995 (see

Figure 21 for the Abt Associates report projections).

The only apparent hope for improving the level of food self-

sufficiency in the very long run is to reduce population growth. The

birth control issue is a complex and touchy one. However the following

figures suggest the importance of this issue. A study by the research

 

lThe Abt Associates study makes projections for the grain balance

sheet, which includes cowpeas. See Table 50 in Appendix A.

2See Tables 50 and 51 for the detailed assumptions.
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group RAPID (1984) forecasts in 2030 a population of 30 million people

if current trends continue (7 children per woman), 20 million people if

the birth rate is slightly reduced (5 children per woman by the year

2000) and 15 million people if the birth rate is strongly reduced

(3 children per woman by the year 2010; see Figure 22).

In the past, the government’s traditional approach to reducing the

cereals deficit was to try to increase national cereals production.

The government realized recently that more production was not enough,

and that marketing system performance also had to be improved in order

to handle the extra agricultural inputs and outputs.

This consideration and other factors have led the government to

begin liberalizing cereals marketing. Recognizing also the importance

of consumer preferences, the government has launched a program of

millet and maize processing to make these locally produced cereals more

competitive with imported cereals.

All these policies go in the right direction, but one must wonder

whether they will be enough to reach the stated self-sufficiency

objective, without complementary policies to reduce the rate of

population growth and thus the demand for cereals over the long run.

To conclude this second part, the analysis of the cereals balance

from 1974 to 1985, and projections of the cereals balance sheet to

2000, both suggest that the objective of 80% self-sufficiency by the

year 2000 will be virtually impossible to achieve.
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3.1.1.2 - cher foed seeurity eoneerns for the Senegalese

gexernment

- rt n f th a ri r l

The government must take into account the importance of

agriculture for Senegal as a source of employment and of income. In

1980, 81% of the active population was employed in agriculture (World

Bank 1987). Even if Senegalese agriculture turns out to be not very

competitive on the world market, the government may choose to foster

its growth in the short run as a way to assure the food security of a

large part of the population. In the long run, the government may

prefer to favor other sectors such as fisheries or tourism as sources

of employment if Senegal has a comparative advantage in those sectors.

- r 'on 1 and man em

The government may implement a regional land management policy.

The importance of such a policy is obvious for the Senegal River

Basin. The only hope for this region, which has very low and erratic

rainfall, lies in the development of irrigated agriculture. Even if

irrigated cultivation is not economically efficient given present

conditions in the world cereals market, the government may feel that

irrigation development is justified by the social and political

necessity of assuring food security in that region, as well as

contributing to national food security. However, alternative uses for

the funds, which might produce more food per CFAF invested than

irrigation projects, must be considered.
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- he verietjone in the food bill

As mentioned in the previous chapter, the government may want to

minimize fluctuations in the cost of the food bill. These fluctuations

are caused by price variations and quantity variations. Which type of

variation is more significant in the case of Senegal? If we use the

coefficient of variation (CV)1 to compare the variability of world

prices and of domestic yields from 1970 to 1984-85, we obtain the

following relationships (see Figures 23 to 26)2:

- The average CV of world prices denominated in constant CFA Francs

(basis 1980)3 is slightly greater than the average CV for national

yields4, respectively 0.29 and 0.23.

- The CV’s for world prices vary more from product to product than the

CV’s for national domestic yields. The range of coefficient values

for world prices in constant CFA Francs goes from 0.2 for cotton to

0.4 for rice. The range of coefficient values for national domestic

yields goes from 0.19 for cotton to 0.26 for groundnut and paddy

rice.

- The CV’s for world prices denominated in nominal CFA Francs are in

general higher than the CV’s denominated in constant CFA Francs.

- The CV’s of domestic yields by product are higher at the regional

 

1The coefficient of variation is defined as the standard deviation

divided by the mean of a time series.

2See Tables 52 and 53 in Appendix A.

3The deflator used is the Senegalese consumer price index.

4Based on official yield statistics.
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northern regions (Louga, Diourbel) than in southern regions (Casamance

and Eastern Senegal), where rainfall is less erratic.

In summary, this analysis of year-to-year variability, which shows

that world prices vary slightly more than national domestic yields,

tends to argue slightly in favor of a high rather than a low level of

food self-sufficiency in Senegal.

3.1.2 - curit f n farm r

The farm household head is responsible for assuring that the food

needs of his family are met. This obligation will dictate the farming

strategy. The farmer will first plant short-cycle cereals in the home

gardens to make sure there is something to eat during the hungry

season. He will also try to produce enough cereals to meet a large

share of his family needs.1

The cereals balance varies also from farm to farm in any given

region. Even in high producing areas such as Sine-Saloum or Casamance,

a number of farms do not succeed in achieving self-sufficiency in

cereals.2 A study by Goetz (1987) found that the average net

sales3 per farm from October 1986 to July 1987 were 154 kilos for

millet, sorghum and maize and -128 kilos for rice in Southeastern

Sine-Saloum, and -91 kilos for millet, sorghum and maize and -86 kilos

for rice in Middle Casamance. The average coarse grain production per

farm in 1986 was respectively 2988 and 1323 kilos in the two regions.

 

1For example, see Kelly (1986).

2See Table 54 in Appendix A.

3Net sales are equal to gross sales minus purchases.
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Most farms experiencing a cereals deficit are small. Apart from

the constraint on land available for cultivation, the decisions of

small farmers to grow industrial crops on part of their land and to

sell part of the cereals they produce also contribute to their cereals

deficit. This e grieri surprising phenomenon can be explained by the

necessity for all families, including the poorest ones, to have enough

income to buy basic consumer goods such as sugar, tea, and cooking oil,

and to satisfy their social and religious obligations.

3.2 - gemgeretive edventage

As mentioned in Chapter 1, a Stanford/WARDA projectl conducted a

study of the comparative advantage of several Western African

countries, including Senegal, in the mideseventies. They concluded

that Senegal did not have a comparative advantage in rice production

under the prevailing technological and price conditions at that time.

This conclusion remains valid in the mid-eighties for the main

rice consumer market: Dakar. Depending on the assumptions used, the

cost of rice produced in the Senegal River Basin and processed and

transported to Dakar is estimated to be in a range of 160-250 CFAF per

kilo. The CIF price of imported Asian broken rice in Dakar varies

between 50 and 100 CFAF per kilo.

For groundnuts, however, local costs of production are much more

competitive with world prices as will be shown in Chapters 3 and S.

‘

1For a detailed analysis of this question, see Pearson, Humphreys and

Stryker (1981), Jabara (1979), Craven (1982) and Tuluy (1979). These

Studies all use data for the mid-1970’s.



95

It therefore makes sense to produce and export groundnuts and to import

rice.1

The comparative advantage of Senegal is not fixed, but can be

modified as a result of changes in prices and costs. Let us mention a

few examples:

- The extension of double cropping planned after the completion of the

Manantali dam could reduce considerably the costs of production for

irrigated cultivation, making locally produced rice more competitive

with imported rice.

- The decrease in the oil price in 1985-86 led to a decrease in the

cost of imported fertilizers. For example, SAED2 sold urea at

CFAF 118 per kilo in 1985 and at CFAF 80.5 per kilo in 1986.3 Such

changes in fertilizer prices modify significantly the costs of

production in Senegal. However they affect costs in other producing

countries as well, hence the net impact on comparative advantage is

not clear.

- The institutional context is changing rapidly with the withdrawal of

the state and the progressive transfer to the private sector of

agricultural input and output marketing. These reforms will, among

 

1

1Jabara (1979) showed that under certain conditions local production

of rice (hence a move toward self-sufficiency) was more economic when

uncertainty was considered than when it was not.

?The SAED is a parastatal responsible for the development of

Irrigated cultivation in the Senegal River Basin.

3The 1985 price excludes the CFAF 20 subsidy from USAID. The 1986

Dr‘ice is for purchase on credit, which is the most common mode of

Payment. The cash price was CFAF 74.5 in 1986.



96

other things, modify the availability and the cost of inputs, and

hence the costs of production in Senegal. ,

It is hard to evaluate the impact of these reforms ex_eete. This

topic would require a separate study. The hope is that economic

costs will decrease as a result of greater efficiency in the private

sector. This assumes real competition among traders, rather than a

situation of oligopoly or monopoly.

3.3 - [egg heeite

In Senegal, the food habits issue arises most importantly for

rice. National production amounted to 61,500 tons of processed rice in

1983-85, i.e., 14% of the total rice supply (419,120 tons). Optimistic

assumptions on the development of irrigated rice cultivation lead to

projections for rice production of only 250,000 to 350,000 tons of

processed rice in the year 2000. However, projecting current trends in

rice consumption gives a demand of 700,000 to 900,000 tons. Quite

obviously, the level of rice self-sufficiency is going to remain low

(between 28% and 50%).1

The government is very hopeful about the policy of processing

local cereals (millet/sorghum and maize) into easy-to-use products

which can compete with broken rice. This policy is commendable, but it

seems unlikely to have a major impact on food preferences by the year

2000.

The preference for rice seems well-established in urban areas, in

Particular in Dakar. Rice is presently consumed by the quasi-totality

‘

lSee projections in Tables 49, 50 and 51 in Appendix A.
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of Dakar households every lunch, and one dinner out of two (Ross

1980). The national dish of Senegal, the 'Tiebou-Dienne", has rice as

its main ingredient. Because it is hard to see how food preferences

would turn rapidly against rice by the year 2000, there appears to be

little hope for a significant reduction of demand for rice.

3.4 - im i i

The budget implications of a self-sufficiency strategy are hard to

estimate in detail. At this stage of the analysis, however, we can get

an idea of the cost of developing the irrigated zone in order to meet

the self-sufficiency objective.

The 1985 FAO study estimates that 38,000 hectares must be

irrigated by 1995 in order to meet the 75% cereals self-sufficiency

objective. If we accept a cost of 1.5 million CFAF per new irrigated

hectare, we obtain a required investment cost of 57 billion CFA

Francs. This amount can be compared to the overall deficit in the

national budget of - 55.47 billion CFAF in 1983 (IMF 1987). It is

clear that the development of the irrigated zone required to meet the

self-sufficiency objective will impose a major burden on the state

budget, unless donors take over part of the investment costs.

3.5 - The foreign exchange implieations

The strategy followed until recently by Senegal, which was based

on specializing in the production and exportation of groundnut products

and the importation of broken rice, has counted on exports to generate

enough foreign exchange to pay for imports. Unfortunately, the latest

forecast of the world market prospects for groundnut products is not

encouraging. Projections indicate that the size of the world market,
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the world price, the market share of Senegal, and thus exports of

groundnut exports will all stagnate.1

The two major purchasers of Senegalese groundnut products are the

European livestock breeders who feed their animals with groundnut meal,

and European consumers who use groundnut oil for cooking. The

livestock breeders are tending to substitute soya meal for groundnut

meal because the former gives leaner and thus higher value carcasses

than the latter. Consumers are tending to substitute lighter oils such

as sunflower or corn oils for groundnut oil.

Projections for cotton exports do not indicate any significant

growth either. The world market for cotton is expected to remain

stable during the foreseeable future. Moreover, a rapid increase in

cotton acreage seems unlikely; because cotton exhausts soils quickly,

new crop rotations (cotton, cereals and legumes) would have to be

introduced, the adoption of which would probably take time. Therefore,

cotton exports are likely to remain around their present level.1

The balance of trade in agricultural products is projected to

deteriorate (see Figure 271). Traditional exports will be less and

less able to generate the foreign exchange required to buy the quantity

of cereals necessary to meet food needs. However, the growth of fish

exports and of tourism should help alleviate the foreign exchange

constraint. From 1974-77 to 1982-84, the level of coverage of cereals

imports by groundnut products exports went from 389% to 161%, the level

of coverage of cereal imports by fish product exports from 73% to

 

lSee Tables 55 and 56 in Appendix A.
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122%.1 On a more aggregate level, the percentage of foreign exchange

needed to pay for major food imports went from 38% in 1980-81 to 26% in

1986-87.2 These figures suggest that the importance of economic

sectors in Senegal is changing, with a decline in agriculture and

growth in fishing and tpurism. They also indicate that Senegal might

be able to maintain its capacity to import food and, in that respect, a

minimum level of food security.

To review this chapter, the food situation in Senegal was analyzed

to provide a macro perspective of food security and comparative

advantage in Senegal. The level of cereals self-sufficiency has

decreased over the period 1974 to 1985 and the Senegalese government’s

objective of 80% cereals self-sufficiency in year 2000 does not seem

realistic. The share of food aid in total cereals supply has increased

significantly. However the growth of fishing and tourism might make it

possible to maintain a minimum level of macro food security. The next

chapter switches to a micro perspective, looking at the financial

attractiveness of alternative crops for the farmer.

 

1See Martin and Dieng (1986b).

2See United Nations Economic and Social Council (1987).



CHAPTER 4

ELABORATION 0F CROP BUDGETS AND MARGIN ANALYSIS

In order to support the analysis of food security and comparative

vadvantage in Senegal, data were collected and organized in the form of

181 crop budgets. These crop budgets provide insights on the most

profitable-crops and technologies in each region and also serve as data

base for the construction of farm models described in Chapter 5.

These budgets cover all agricultural areas in Senegal, divided in

11 zones (see Figure 28). Only the presently or potentially major

greps in each zone are considered. Several technical modules are

distinguished to reflect the main technologies possible for each crop

in Senegal. The most often used variety is considered for each crop.

, M'q-

Eachmcrop budget consists of four parts:
.H_ _._.._.q_ a -n,--—- 4'

1) A calculation of the revenues and the costs;

2) The calculation of four types of margins: gross or net of fixed

costs, with or without labor cost;

3) The labor calendar describing the labor requirements by critical

period for each crop and each technical module;

4) The anima1 traction calendar describing the labor requirements by
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critical period for each crop and each technical module.

All these figures are on a per hectare basis. The data used to
 

elaborate those crop budgets come from several sources. First,

existing and available crop budgets for Senegal were reviewed. This

analysis was difficult because of the variety ofassumptions made by

each study, in particular regarding labor requirements.

Then, in-depth interviews were conducted with researchers from

ISRA, WARDA and Regional Development Agencies. Researchers provided

information on yields, timing, and labor and machinery requirements

based on their experience, on agronomic experiments, and on results

from recent farm surveys conducted as part of farming systems research

projects. A strong effort was made to obtain a consistent set of data

to make possible comparisons between technical modules, crops and

201128 .1

4.1 - Methegelegy used te eleborete the grep buggets

4.1.1 - Agrjegltgrel zegee

Senegal was divided in thirteen zones, including eleven

agricultural zones, based on the following criteria:

1) physical: soils, climate, vegetation;

2) human: ethnic group, human density;

3) agricultural: crops, level and type of agricultural equipment.

Below is a‘short_description of each agricultural zone (see Figure 28).

- Zone 1: Center of the Groundnut Basin

This relatively large zone is historically the major agricultural

 

1See Martin (1988) for details on crop budgets.
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zone in Senegal. This zone benefitted greatly from the so-called

"Agricultural Program" of credit before its disappearance in 1980,

which explains a relatively high level of agricultural equipment. The

major crops are millet/sorghum, groundnuts and now cowpeas in the

northern part.

- Zone 2: North of the Groundnut Basin

This zone is changing rapidly as a result of the drought.

Following the government’s recommendations, this zone is progressively

replacing groundnuts by cowpeas, so that the two major crops in the

future will be millet/sorghum and cowpeas.

- Zone 3: Large irrigated perimeters of the Delta and of the Lower

Middle Valley of the Senegal River

This zone is characterized by the importance of large irrigated

perimeters. There are also a few small perimeters, but they can be

assimilated to the large perimeters in terms of cultivation techniques

(direct seeding, perimeter construction and land preparation done by

SAED, the parastatal in charge of irrigation development in the Senegal

River Basin).

Most of the soils in the Delta are heavy (hellelge) and salty,

which limits the crop possibilities to rice and sorghum in that part of

zone 3. However, in the beginning of the Middle Valley, soils become

less heavy and salty, which makes it possible to grow maize and tomato.

There are three cropping seasons on irrigated perimeters: the rainy

Season (June to October), the cold off-season (November to March) and

the hot off-season (March to July). So far, double cropping is very

I imited, but could expand with the completion of the Manantali dam in
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1988. Rainfed cultivation of millet (giegi) has become marginal with

the drought.

- Zone 4: Middle Valley of the Senegal River

This zone is characterized by irrigated cultivation on small

perimeters and by the possibility of flood-recession cultivation

(egele) in the years of good rainfall in Guinea where the Senegal river

starts. The mix of heavy soils (40 % of hellelde) and light soils

(60 % of feege) makes it possible to grow rice, maize, sorghum and

tomato. As in zone 3, the rainfed cultivation of millet is now

marginal.

- Zone 5: Upper Valley of the Senegal River and North of Eastern

Senegal

This zone is characterized by irrigated cultivation on small

perimeters and by the possibility of rainfed cultivation (giegi) during

the years of good rainfall in that zone. The light soils (feeee) make

it possible to grow rice, maize and tomato. Tomato is not grown much

now, partly as a result of the absence of a marketing network in that

zone. Rainfed crops are similar to those in zone 1, i.e., millet/

sorghum, groundnuts and cowpeas.

- Zone 6: Center of Eastern Senegal

This zone possesses an important agricultural potential with the

possibility of growing maize and cotton apart from millet/sorghum and

groundnuts. This potential has not been fully exploited so far because

of the limited human density and the limited equipment owned by farmers

in that zone.
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- Zone 7: Upper Casamance

This zone has similar characteristics to zone 6. The major

differences between the two zones are a slightly higher rainfall and

the development of rainfed rice and lowland rice in Upper Casamance.

The Peulhs are the main ethnic group.

- Zone 8: Middle Casamance

The originality of this zone comes mainly from its ethnic

composition dominated by Mandingues and "Mandinguized" Diolas although

there are also some Peulhs. In the Mandingue and "Mandinguized" Diola

villages, each sex works on different types of land. Women grow

lowland and aquatic rice while men grow upland crops (groundnuts,

millet/sorghum, maize, rainfed rice).

It is also possible to grow cotton on the plateau, but this is

still a minor crop.

- Zone 9: Lower Casamancel

This zone is mainly a Diola area although there are Mandingues in

the Southeast. In the Diola villages, each sex does different

agricultural operations. Men do the the operations requiring physical

strength, in particular ploughing. Women do the operations which are

less demanding physically. However, men can come and help women in

their operations if there is a labor bottleneck.

Two other characteristics of Lower Casamance are its important

 

1Zone 9 does not correspond exactly to the traditional definition of

Lower Casamance since zone 9 excludes the northeast of the traditional

Lower Casamance. This area is attached to Middle Casamance (zone 8)

With which it shares more similarities.
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aquatic area on which transplanted rice is grown and the absence of

animal traction, except in the north.

- Zone 10: Southwest of the Groundnut Basin

In this zone, the importance of very sandy soils prevents the

cultivation of maize. Millet/sorghum and groundnuts are the major

crops. Animal traction is mainly cattle traction.

- Zone 11: Southeast of the Groundnut Basin

This zone has the biggest agricultural potential of the Groundnut

Basin because of 1) its soil fertility, ii) the possibility of growing

maize and, up to a certain extent, cotton apart from millet/sorghum and

groundnuts, and iii) the relatively high level of agricultural

equipment.

The parts of Senegal excluded from the agricultural zones described

above are the following:

- The Cap Vert area, considered as an urban area and called zone 12.

- The dunes zone of the Niayes, which goes from Dakar to St. Louis;

- The livestock grazing area of Ferlo, called zone 13.

- The department of Kedougou, in the lower part of Eastern Senegal,

because of its low agricultural potential, limited by the low human

density, the presence of dangerous human diseases and the existence

of the Niokolo-Koba park.

4.1.2 - Teehnieal medules

Technical modules_are alternative input/output combinations based;
.- Wok—L-

- 1.!
fun”.

5

1

n on different levels of input use..Ihey vary by crop and by 2006-“ They

‘V

represent the major agricultural technologies available in Senegal. In

general, five major types of modules are distinguished:
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- Module 1

Module 1 represents the recommendations of agronomic research

adapted to the farm environment. This means a high level of

intensification which, in general, implies the use of a large quantity

of fertilizer, the use of crop protection products, good land

preparation and weeding with a high use of animal traction. All these

result in high yields. This module is still rare or even nonexistent,

depending on the zone and the crop.

- Modules 2 and 3

Modules 2 and 3 represent decreasing levels of intensification

(respectively average and low) compared to module 1. These modules

represent the traditional modes of production and are much more often

used than module 1.

- Module 4

Module 4 concerns the home gardens (”champs de case") cultivated

around villages to ensure a certain level of food security for the

farmer’s family. These maize and millet/sorghum fields are cultivated

first, to obtain a harvest during the hungry season.

These fields receive particular care. Cultivation is mainly manual

and does not include the use of chemical fertilizers. However, organic

fertilization is common practice.

The home gardens represent a small part of the area cultivated by

sue-1" ,r'

M

the farmer (between 5 and 10 % approximately) and, therefore, are not

enough to cover the cereal needs of the farm family. But thejr

importance in'the farmer’s food security strategy argues for the

Elaboration of a separate module.
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- Module 5

Module 5 represents late cultivation relative to the optimal

calendar of a given crop. This may result from a labor bottleneck or

from the absence of germination after the first seeding. The yields

for that module are very low because of the delay from the optimal crop

calendar and of the low level of intensification.

Table/2 summarizes the crops and the corresponding number of

technizal modules in each zone.

4.1.3 - Agriegltgrel input;

, For each zone, each crop, and each technical module, the

agricultUral equipment and animal traction used were first specified.

The cost per hectare of each piece of equipment was then estimated in

two steps. First, an annual cost was estimated incorporating

depreciation and annual repairs. Second, the cost per hectare was

estimated by dividing the annual cost by the estimated number of uses

of the piece of equipment. This number of uses was estimated for a

typical farm in each zone.

The cost ef animal traction was estimated in a similar way to the

cost of agricultural equipment. Annual costs included the cost of the

typical feed ration by zone and by animal and animal health care. The

possible gain resulting from the difference from the purchase price and

the selling price was estimated, but not included in the annual cost

because it was considered a separate activity from agriculture.

The costs of seeds, fertilizers, crop protection products were also

.,.'incorporated. Labor cost was included as well, using the wage of

agricultural labor to price it.
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TABLE 2

CROPS AND TECHNICAL MODULES IN THE DIFFERENT ZONES 0F SENEGAL

 

 

 

Number of Number of

Zone Zone name Crop modules modules

number by crop by zone

1 Center of the millet/sorghum 5

Groundnut Basin cowpeas 2

groundnuts 4 11

2 North of the millet/sorghum 4

Groundnut Basin cowpeas 2 6

3 Large irrigated

perimeters:

- Delta of the rice 8

Senegal River sorghum 4 12

- Lower Middle rice 8

Valley of the sorghum 4

Senegal River maize 4

tomato 2 18

4 Middle Valley of

the Senegal River:

- small irrigated rice 4

perimeters sorghum 4

maize 4

tomato 2

- flood recession sorghum 2 16

5 Upper Valley of

the Senegal River

and North of

Eastern Senegal:

- small rice 4

irrigated sorghum 4

perimeters maize 4

tomato 2

- rainfed millet/sorghum 5

cultivation cowpeas 2

groundnuts 4 25      
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TABLE 2 (CONT’D.)

 

 

 

Zone Number of Number of

number Zone name Crop modules modules

by crop by zone

6 Center of millet/sorghum 5

Eastern Senegal maize 3

groundnuts 4

cotton 4 16

7 Upper millet/sorghum 5

Casamance maize 3

rainfed rice 3

lowland rice 5

groundnuts 4

cotton 4 24

8 Middle millet/sorghum 5

Casamance maize 3

rainfed rice 3

lowland rice 5

groundnuts 4

cotton 4 24

9 Lower millet/sorghum 5

Casamance maize 4

lowland rice 5

transplanted

rice 2

groundnuts 4 20

10 Southwest of the millet/sorghum 5

Groundnut Basin groundnuts 4 9

11 Southeast of the millet/sorghum 5

Groundnut Basin maize 3

groundnuts 4 12

I Total Senegal 181     
 

 
 

118: In the total for Senegal, the rice and sorghum modules for zone 3

(are counted only once rather than twice (one for the Delta and one for

‘the beginning of the Middle Valley).
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4.1.4 - Crop celengar and leeer :egujremente

The crop calendar was divided into periods during which a number of

agricultural or post-harvest operations have to be done for each crop

grewn according to a given technical module in a given region. _Ihe

ngmber and the duration of periods vary from zone to zone to reflect

climatic differences and types of cultivation. The number of periods

-_.—-n- ‘

goes4from 4 to 24 and the duration from 2 weeks to 15 weeks.

fitIt is difficult to estimate labor times required for agricultural

operations because of the diversity of farmers and animals with regard

to the duration and the quality of the work done. In order to take

into account this diversity, different qualities of work were

(iistinguished for a number of manual operations.

An effort was made to obtain a consistent set of data across crops

.and across zones. However, these labor times must be considered as

approximations .

4.1.5 - 1W1":

Rainfed crop yields vary a lot from year to year, mainly as a

result of changing rainfall conditions. To account for this diversity,

yrields were estimated for three types of year; bad, average and good.-

Of' course, the definition of these types of year varies from crop to

crop according to each crop’s particular requirements.

'To be able to compare margins from crop to crop, 15 states of

nature were distinguished in each zone. Each state of nature

corresponds to one out of five categories of rainfall quantity and one

OUt of titree categories of rainfall distribution. Rainfall quantity

can be very low, low, average, high or very high. Rainfall
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distribution over a period of five months (June to October) can be bad,
x__“__d_ " ‘

A“ bi”!

average or good.

Let us make the following definitions:

qt : Quantity of rainfall for year t (t - 1,n) in millimeters

per year;

Q : Average quantity of rainfall for the n observations.

monthmt : Rainfall during month m (m - 1,5) of year t (t - 1,n);

MONTHm : Average rainfall during month m for the n years;

et : Rainfall deviation from the mean for year t calculated

with the following formula:

et ' 3,3. ( (monthmt - MONTHm)2 )1/2 m - 1,5

E : Average rainfall deviation for the n years calculated with

the following formula:

E . l/n 2 e
t t

Table 3 shows the definition of each category for rainfall quantity

and distribution. Table 4 indicates the definition of each state of

nature. The\probability of occurrence of each state of nature was
_4- -1..."

estimated using monthly rainfall data from 1951 to 1986 for each

\W__. ~ N... -

agricultural zone (see Table 5).

Yields were estimated for each state of nature and each crop in

v_“

each zone, based on an algebraic combination of the three basic yields

«\z____,_._-

collected for bad, average and good years (see Table 6). These

estimati-ns were made on the basis of several agronomists’ opinions

about the response of the particular crops to different rainfall

conditions in Senegal. However, it was impossible to incorporate all

the agronomic considerations that influence yields into 15 states of
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J TABLE 3

DEFINITION OF THE CATEGORIES OF RAINFALL QUANTITY AND DISTRIBUTION

IN SENEGAL

Category Characteristics

 
 

Rainfall quantity

 

 
 

 

   
 

Very low qt < 0.7 Q

Low 0.7 Q < qt < 0.9 Q

Average 0.9 Q < qfi < 1.1 0

High 1.1 Q < qt < 1.3 Q

Very high 1.3 Q < qt

Rainfall distribution

Bad et > E * 1.25

Average E * 1.25 > et > E * 0.75

Good E * 0.75 > et

where:

qt : Quantity of rainfall for year t.

Q : Average quantity of rainfall for the n observations.

et : Rainfall deviation from the mean for year t.

E : Average rainfall deviation for the n years.
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TABLE 4

DEFINITION OF THE STATES OF NATURE IN SENEGAL

 

Rainfall Rainfall quantity

 

distribution

Very low Low Average High Very high

 

 

Bad State 1 State 2 State 3 State 4 State 5

Average State 6 State 7 State 8 State 9 State 10

Good State 11 State 12 State 13 State 14 State 15   
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TABLE 5

PROBABILITY OF OCCURRENCE OF THE STATES OF NATURE

BY ZONE 0F RAINFED CULTIVATION IN SENEGAL

(in percentage)

 

 

 

State of Zone

nature 1 2 5 6 7 8 9 10 11

1 0 11.1 5.6 0 O 5.6 8.3 0 6 3

2 2.8 0 2.8 O 2.9 O 0 3 O

3 2.8 O 2.8 O 5.9 2.8 2.8 3 0

4 2.8 0 0 2.8 2.9 O 2.8 3 6.3

5 11.1 8.3 11.1 11.1 14.7 8.3 11.1 12.1 12.5

6 25 13.9 8.3 13.9 0 5.6 5 6 15.2 12.5

7 5.6 2.8 8.3 16.7 26.5 13.9 11.1 6.1 6.3

8 13.9 5.6 13.9 16.7 11 8 16.7 19.4 21.2 15.6

9 5.6 8.3 5.6 13.9 5.9 19.4 11.1 3 9.4

10 5.6 13.9 5.6 0 0 O 2.8 9.1 3.1

11 O 5.6 0 O 0 O O 0 O

12 5.6 16.7 13.9 2.8 11.8 11.1 5.6 15.2 3.1

13 8.3 8.3 13.9 13.9 17.6 16.7 16.7 9.1 21 9

14 11.1 0 8.3 8.3 0 O 2.8 0 3.1

15 O 5.6 0 0 O O O O O    
Note: The rainfall data used are for the following cities:

Zone 1 : Diourbel Zone 6 : Tambacounda Zone 9 : Ziguinchor

Zone 2 : Louga Zone 7 : Vélingara Zone 10: Nioro du Rip

Zone 5 : Bakel Zone 8 : Kolda Zone 11: Koungheul

Source: "Direction de la Météorologie Nationale" for monthly rainfall

data from 1951 to 1986.
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TABLE 6

ASSUMPTIONS ABOUT CROP YIELDS FOR EACH STATE OF NATURE IN SENEGAL

 

 

  

 

  

 

  

 

  

 

  

 

  

 

Rainfall Rainfall quantity

distribution

Very low Low Average High Very high

Millet/sorghum

Bad MA*O.9 MA*1.1 M0 M0 MA

Average MA*1.1 MO 30 80 MO

Good MO BO*O.9 BO*1.2 BO*1.2 BO

Maize

Bad MA*0.7 MA M0 MA MA*O.7

Average MA*O.9 MO BO MO MA

Good (MA+MO)/2 (MO+BO)/2 BO*1.2 80 MO

Rice

Bad MA*O.6 MA*O.8 MA M0 B0

Average MA*O.8 MA M0 BO BO*1.1

Good MA M0 B0 BO*1.1 BO*1.2

Cowpeas

Bad MA (MA+MO)/2 MO (MA+MO)/2 MA

Average (MA+M0)/2 MO*1.1 BO MO*1.1 (MA+MO)/2

Good MO*1.1 BO BO*1.2 BO MO*1.1

Groundnuts

Bad MA*O.9 MA*1.1 MO (MA+MO)/2 MA*1.1

Average MA*1.1 MO BO (MO+BO)/2 M0

Good M0 BO*0.9 BO*1.2 B0 (M0+BO)/2

Cotton

Bad MA*1.1 MO*0.9 M0 (MA+MO)/2 MA*1.1

Average MO*0.9 (MO+BO)/2 B0 (MO+BO)/2 MO*0.9

Good MO*1.2 BO*1.1 BO*1.2 BO MO*1.2   
 

NB: MA means estimated yield in a bad year.

MO means estimated yield in an average year.

BO means estimated yield in a good year.
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nature. Only the major factors were taken into account.

In irrigated cultivation,the yield and the state of naturearenot

v..._._.-

correlated,except during the hot-off season. In the rainy season and

M

 

 
 

the cold off-season, the yield is relatively stable from year to year

for a given technical module. However, a number of climatic events can

negatively affect the yield during the hot off-season.

For irrigated crops, a unique yield is assumed for the rainy season

and the cold off-season, and three possible yields are assumed for the

hot off-season corresponding to bad, average and good years.

For flood recession crops, the yields are relatively stable from

year to year; rainfall influences them only marginally. Flood recession

craps are treated like irrigated crops during the cold off-season,

i.e., a unique yield is specified.

4.1.6 - Iggut and outpgt prjeee

Input and output prices used in the budgets are 1986-87 farm-gate

prices in each zone. Input prices exclude temporary subsidies on input

DEEEEEB but include subsidies that have existed for a long time.

Valuing labor is difficult, since there is no well-organized

agricultural labor market. Labor is valuedeat a cost similarflto the

agricultural wage received by temporary agricultural workers who

—""‘""--—..

perform certain operations, such as paddy rice threshing.

Cash crops, i. e. , grouneeetshells andkcotton, and,pice in the

Senegal River Basin, are sold by the farmer at the official producer

price set each year by the government.

The other rice producing area, Casamance, has a large deficit for

that cereal and most of the production is home consumed. Therefore,
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the opportunity cost of producing rice is the official consumer price

'Vof rice converted into paddy equivalent.

Tomatoes grown in the Senegal River Basin can be sold at the

official price to the companies that manufacture tomato paste. The

farmer can also sometimes sell his production to private traders at a

higher price. The official price was used in the budgets.

The other agricultural products, i.e., millet/sorghum, maize,

cowpeas, cowpea hay and groundnut hay are valued at their market

price. This price depends mainly on the supply in any given year,

which is in turn largely a function of the state of nature. Therefore,

market prices were estimated for these products in each state of nature

and each zone, based on data available from market price surveys.

4.2-Walla; \/

IngeEEer to identify the most profitable crops and technical

modules from the farmer’s perspective, crop margins are calculated on

the basis of current input and output prices, i.e., in figegejal

tegggg This analysis does not evaluate economic profitability based on

the use of shadow prices intended to represent the opportunity cost of

inputs and of outputs, nor does it not consider the food security

objective of the farmer. Both considerations are analyzed in the

modelling exercise presented in the next two chapters.

-§5Four margins were calculated for each combination ofcergp,

technicelieodule, and_egne:

- The gross margin with labor cost, i.e., gross revenue minus variable

costs including labor cost;

- The gross margin without labor cost, i.e., gross revenue minus
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variable costs excluding labor cost;

- The net margin with labor cost, i.e., gross revenue minus fixed costs

minus variable costs including labor cost;

- The net margin without labor cost, i.e., gross revenue minus fixed

costs minus variable costs excluding labor cost.

These margins were calculated on a per hectare basis as well as 90.1

a_Ee:‘meg:daymbeeis: The margins per hectare were ranked for the_§g:§t

possible state of nature (state 1) and for the most frequent_§tetes of

nature in each zone.

For rainfed cultivation zones, mergins were first EE"5?d RY

teeheieel module to identify the most profitable crops for a.given

leyeleof:intensification. Only modules 1, 2 and 3 were considered in

that ranking since they correspond respectively to high, medium and low

levels of intensification.

A second ranking was made including all crops and all technical

modules for a given zone to find the most profitable crops and modules

overall in that zone. All five technical modules were included in that

ranking.

Fe:_1::igeteguieees, the ranking by module is not relevant since

me§tfiirrigated crop budgets were built for only one level of

II igtensification. This ranking was replaced by a ranking by the number

of crops per year, i.e., single or double cropping.

Apart from the ranking by zone, two rankings were made at the

national level. First, margins in the different regions where a given

crop is grown were ranked to determine where it made most sense to

promote the crop.
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Second, a ranking was made across all crops and all zones to

identify the most profitable agricultural activities in Senegal. Both

kinds of national rankings were made for state of nature 8, which

corresponds to average rainfall quantity and distribution.

Overall, 724 rankings were made._ A summary of the rankings and

their policy implications is presented below.1 The rankings by zone

are discussed first. The zones have been combined into three regions:

the Groundnut Basin, Eastern Senegal and Casamance, and finally the

Senegal River Basin.

4.2.1 - Mergin analysis for the Gregggnut Begin

The Groundnut Basin combines four zones: the Center (zone 1), the

North (zone 2), the Southwest (zone 10) and the Southeast (zone 11).

The margin rankings for these zones are presented in Tables 7, B, 9,

and 10 respectively.

Three important issues arise in that region:

1) Are cowpeas more profitable than groundnuts?

2) What is the potential for cereals production expansion in that

region to contribute to the government’s objective of 80% food

self-sufficiency in year 2000?

\l 3) Is production intensification financially attractive?

The first issue is important for the center and the north of the

Groundnut Basin. Faced with declining yields in the North (zone 2),

especially for groundnuts, the Senegalese government is promoting the

substitution of cowpeas for groundnuts since cowpeas are more resistant

 

1For a complete presentation of the rankings, see Martin (1988).
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TABLE 7

MARGIN RANKINGS IN THE CENTER OF THE GROUNDNUT BASIN (ZONE 1)

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification

for states of nature 1, 5, 6, 8 and 14. To summarize those rankings,

the most often encountered rank for a crop is given to that crop in the

table below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

 

 

Rank GMWL GMNL NMWL NMNL

1 Groundnuts Cowpeas Groundnuts Groundnuts

1 Cowpeas

2 Mil./sorg. Groundnuts Mil./sorg.

3 Cowpeas Mil./sorg. Cowpeas Mil./sorg.   
 

2 - Rankings for all technical modules

One ranking was made for each state of nature 1, 5, 6, 8 and 14. To

summarize those rankings, the average rank for a given crap was

calculated and then a ranking of the average ranks was made, which

appears in the table below.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Groundnuts Cowpeas Groundnuts Cowpeas

2 Mil./sorg. Groundnuts Mil./sorg. Groundnuts

3 Cowpeas Mil./sorg. Cowpeas Mil./sorg.
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TABLE 8

MARGIN RANKINGS IN THE NORTH OF THE GROUNDNUT BASIN (ZONE 2)

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification

for states of nature 1, 6, 10 and 12. To summarize those rankings, the

most often encountered rank for a crop is given to that crop in the

table below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

 

 

Rank GMWL GMNL NMWL NMNL

1 Mil./sorg. Cowpeas Mil./sorg. Cowpeas

2 Cowpeas Mil./sorg. Cowpeas Mil./sorg.

    

2 - Rankings for all technical modules

One ranking was made for each state of nature 1, 6, 10 and 12. To

summarize those rankings, the average rank for a given crop was

calculated over all technical modules and then a ranking of the average

ranks was made. Since this table is the same as the above table, it is

not repeated.
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TABLE 9

MARGIN RANKINGS IN THE SOUTHWEST OF THE GROUNDNUT BASIN (ZONE 10)

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification

for states of nature 1, 5, 6, 8 and 12. To summarize those rankings,

the most often encountered rank for a crop is given to that crop in the

table below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

 

 

Rank GMWL GMNL NMWL NMNL

1 Groundnuts Groundnuts Groundnuts Groundnuts

2 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

   
 

2 - Rankings for all technical modules

One ranking was made for each state of nature 1, 5, 6, 8 and 12. To

summarize those rankings, the average rank for a given crop was

calculated over all technical modules and then a ranking of the average

ranks was made. Since this table is the same as the above table, it is

not repeated.
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TABLE 10

MARGIN RANKINGS IN THE SOUTHEAST OF THE GROUNDNUT BASIN (ZONE 11)

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification

for states of nature 1, 5, 6, 8 and 13. To summarize those rankings,

the most often encountered rank for a crop is given to that crop in the

table below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Groundnuts Groundnuts Groundnuts Groundnuts

2 Maize Maize Maize Maize

3 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.  
 

2 - Rankings for all technical modules

One ranking was made for each state of nature 1, 5, 6, 8 and 13. To

summarize those rankings, the average rank for a given crop was

calculated over all technical modules and then a ranking of the average

ranks was made, which appears in the table below.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Maize Maize Maize Maize

2 Groundnuts Groundnuts Groundnuts Groundnuts

3 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.  
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to drought than groundnuts. .While the decline of groundnut cultivation

seems inevitable in zone 2, it is worth looking at the comparative

profitability of cowpeas and groundnuts further south in the Center of

the Groundnut Basin.

One problem with cowpea cultivation is the significant labor

requirements, in particular for manual harvest. For example, module 2

in an average year requires 95 man-days for cowpeas compared with 42

for millet/sorghum and 38 for groundnuts.

As a result, cowpeas are last after groundnuts and millet/sorghum

in the rankings by module according to the margins with labor cost,

whatever the intensification level. However, in the rankings according

to the margins without labor cost, cowpeas rank higher in general than

millet/sorghum and sometimes higher than groundnuts.

Cowpea cultivation implies slightly higher fixed costs than those

for groundnuts because of the insecticide sprayings, which require a

sprayer. Therefore, cowpeas rank better according to the gross margin

than according to the net margin.

Cowpeas can be considered as a potential alternative to groundnut

if the producer can mobilize enough labor at harvest time and if the

insecticides required for cowpeas cultivation are available at the

right time. This conclusion depends on the assumption made for cowpea

price. The government policy pushing producers to raise the area

planted in cowpeas will probably result in an increased supply.

The capacity of domestic or foreign demand to absorb this extra

supply and the evolution of the cowpea price is hard to estimate

precisely. Presumably, cowpea prices will fall from their past level.
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In the past, prices of 250 or 300 CFA Francs per kilo could be found on

local markets. The cowpea budget assumes an average price of 100 CFAF,

a low of 60 CFAF and a high of 140 CFAF per kilo. These prices were

based on the most recent price data, and on experts’ opinions.

The second important issue in that zone concerns the development of

cereals cultivation, which is a government priority. One important

requirement for the expansion of cereal area cultivated is that cereals

should be more profitable than other crops, in particular groundnuts.

The rankings give ideas about the present relative profitability of the

different cereals. The conclusions are different depending on the

cereal.

In all the zones covering the Groundnut Basin, millet/sorghum is

almost always less profitable than groundnuts whatever the type of

margin, gross or net, with or without labor cost and whatever the level

of intensification. Thus, it is hard to see the financial interest to

the farmer of increasing his millet/sorghum production for sale under

present price conditions. This does not mean that millet/sorghum is

not an interesting crop, in particular from a food security perspective

at the farm level.

In the rankings with all crops and all modules, module 4 (home

garden) for millet/sorghum is often highly placed. This position can

be explained by the limited use of inputs by this module and by the

good manual care given, which results in high yields. One must

remember that this module is not grown for sale, but to contribute to

the farm household’s food security. In any case, areas reserved for

these home gardens are limited to the village surroundings and could
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not be expanded significantly.

Maize is ranked much higher than millet/sorghum. In the Southeast

of the Groundnut Basin, which is the only zone of the Groundnut Basin

where it can be grown, maize is more profitable than groundnuts in a

low rainfall year and comes just after groundnuts in an average or high

rainfall year.

This difference in ranking can be explained partly by the

difference in the price setting mechanisms for the two crops.

Groundnuts are sold at the official producer price which does not vary

according to the yield. This means that yield variations are

automatically translated into income variations.

On the other hand, maize is sold at the market price which

fluctuates inversely to supply. If we assume a positive correlation

between the typical farm yield and the market supply, the market price

of maize will fluctuate inversely to the yield variations, which

results in a certain income stabilization.

As a result of this difference in price setting mechanisms, the

groundnut income falls more than the maize income in a low rainfall

year. Conversely, in a high rainfall year, the groundnut income

increases more than the maize income.

The third issue concerns the financial attractiveness of

intensified production. The highest intensification level (module 1)

is financially attractive in a good rainfall year. However, in a low

rainfall year, the best modules are module 3 for groundnuts and

millet/sorghum and module 2 for cowpeas (module 3 does not exist for

that crop). These results seem logical since the high input costs of
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module 1 are worthwhile only in the case of good rainfall, which

converts the high level of intensification into high yields.

This is another illustration of the classical correlation between

the level of profit and the level of risk. The level of

intensification chosen by the farmer depends on his risk aversion.

Given the important climatic vagaries, the persistence of the drought,

and the subsistence orientation of many farmers in that region,

especially in the northern part, the level of intensification chosen is

likely to be average or even low.

The late planting module is in general not very attractive

financially, but one must realize that the alternative to that module

is not another module, but not to plant at all. If there is a labor

bottleneck during the normal planting period, the farmer may well

decide to do some late planting with the idea that the resulting yield,

however small, will at least cover the seeds used and bring some

surplus.

4.2.2 - Mergjn enalyeis fer Eeetecn Segegel end Ceeamenee

Eastern Senegal (zone 6) and Casamance (zones 7, 8 and 9) benefit

from better climatic conditions than the Groundnut Basin. This means

yields are higher and the range of crops that can be grown is wider in

general. The margin rankings are presented in Tables 11 to 17.

Three poliey issues arise in those regions:

v/1) Are maize and cotton financially attractive?

~/’2) Are the different types of rice cultivation profitable?

3) Is production intensification attractive financially?

Maize and cotton are two crops that could potentially be developed
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TABLE 11

MARGIN RANKINGS IN THE CENTER OF EASTERN SENEGAL (ZONE 6)

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification in

states of nature 1, 6, 7, 8, 9 and 13. To summarize those rankings,

the most often encountered rank for a crop is given to that crop in the

table below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

 

 

Rank GMWL GMNL NMWL NMNL

1 Groundnuts Groundnuts Groundnuts Groundnuts

1 Maize Maize

2 Maize Maize

3 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

4 Cotton Cotton Cotton Cotton    
 

2 - Rankings for all technical modules

A ranking was made for each state of nature 1, 6, 7, 8, 9, and 13. To

summarize those rankings, an average rank was calculated for each crop

over all technical modules and then a ranking of the average ranks was

made, which appears in the table below.

 

Rank GMNL GMNL NMWL NMNL

 

Maize Maize Maize Maize

Groundnuts Groundnuts Groundnuts Groundnuts

Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

Cotton Cotton Cotton Cotton  e
u
r
o
—
-
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TABLE 12

MARGIN RANKINGS IN UPPER CASAMANCE (ZONE 7) WITH LOW RAINFALL

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification in

states of nature 1 and 7. To summarize those rankings, the most often

encountered rank for a crop is given to that crop in the table below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

Low. rice means lowland rice.

Rain. rice means rainfed rice.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Groundnuts Groundnuts Groundnuts Groundnuts

2 Maize Maize Maize Maize

2 Mil./sorg. Mil./sorg.

3 Cotton Cotton Mil./sorg.

3 Cotton

4 Mil./sorg. Cotton

5 Low. rice Low. rice Low. rice Low. rice

6 Rain. rice Rain. rice Rain. rice Rain. rice

  
2 - Rankings for all technical modules

A ranking was made for each state of nature 1 and 7. To summarize

those rankings, an average rank was calculated for each crop over all

technical modules and then a ranking of the average ranks was made,

which appears in the table below.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Groundnuts Groundnuts Groundnuts Groundnuts

2 Maize Maize Maize Maize

3 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

4 Cotton Cotton Cotton Cotton

5 Low. rice Low. rice Low. rice Low. rice

6 Rain. rice Rain. rice Rain. rice Rain. rice
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TABLE I3

MARGIN RANKINGS IN UPPER CASAMANCE (ZONE 7) WITH HIGH RAINFALL

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification in

states of nature 5 and 13. To summarize those rankings, the most often

encountered rank for a crop is given to that crop in the table below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

Low. rice means lowland rice.

Rain. rice means rainfed rice.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Rain. rice Low. rice Low. rice Low. rice

1 Low. rice Groundnuts

2 Groundnuts Groundnuts Rain. rice Rain, rice

2 Maize Groundnuts

3 Mil./sorg. Rain. rice Mil./sorg.

3 Maize

4 Cotton Cotton Cotton Maize

4 Mil./sorg.

5 Maize Cotton

6 Mil./sorg.

 

 
2 - Rankings for all technical modules

A ranking was made for each state of nature 5 and 13. To summarize

those rankings, an average rank was calculated for each crop over all

technical modules and then a ranking of the average ranks was made,

which appears in the table below.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Rain. rice Low. rice Rain. rice Low. rice

2 Low. rice Rain. rice Low. rice Rain. rice

3 Groundnuts Groundnuts Groundnuts Groundnuts

4 Maize Maize Maize Maize

5 Mil./sorg. Cotton Mil./sorg. Mil./sorg.

5 Cotton Mil./sorg. Cotton Cotton
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TABLE 14

MARGIN RANKINGS IN MIDDLE CASAMANCE (ZONE 8) WITH LOW RAINFALL

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification in

states of nature 1 and 7. To summarize those rankings, the most often

encountered rank for a crop is given to that crop in the table below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

Low. rice means lowland rice.

Rain. rice means rainfed rice.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Groundnuts Groundnuts Groundnuts Groundnuts

1 Maize

2 Maize Maize Maize

3 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

4 Cotton Cotton Cotton Cotton

5 Low. rice Low. rice Low. rice Low. rice

5 Rain. rice

6 Rain. rice Rain. rice Rain. rice

 

 
2 - Rankings for all technical modules

A ranking was made for each state of nature 1 and 7. To summarize

those rankings, an average rank was calculated for each crop over all

technical modules and then a ranking of the average ranks was made,

which appears in the table below.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Maize Groundnuts Groundnuts Groundnuts

2 Groundnuts Maize Maize Maize

3 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

4 Cotton Cotton Cotton Cotton

5 Low. rice Low. rice Low. rice Low. rice

5 Rain. rice Rain. rice Rain. rice Rain. rice
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TABLE 15

MARGIN RANKINGS IN MIDDLE CASAMANCE (ZONE 8)

WITH AVERAGE AND HIGH RAINFALL

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification in

states of nature 5, 8, 9 and 13. To summarize those rankings, the most

often encountered rank for a crop is given to that crop in the table

below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

Low. rice means lowland rice.

Rain. rice means rainfed rice.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Low. rice Low. rice Low. rice Low. rice

1 Rain. rice Rain. rice Rain. rice Rain. rice

2 Groundnuts Groundnuts Groundnuts Groundnuts

4 Maize Maize Maize Maize

4 Cotton

5 Mil./sorg. Mil./sorg. Mil./sorg.

6 Cotton Mil./sorg. Cotton Cotton

 

 

2 - Rankings for all technical modules

A ranking was made for each state of nature 5, 8, 9 and 13. To

summarize those rankings, an average rank was calculated for each crop

over all technical modules and then a ranking of the average ranks was

made, which appears in the table below.

 

 

   

Rank GMWL GMNL NMWL NMNL

1 Trans. rice Trans. rice Trans. rice Trans. rice

2 Low. rice Low. rice Low. rice Low. rice

3 Maize Groundnuts-Maize Maize Groundnuts

4 Groundnuts Groundnuts Maize

5 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.
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TABLE 16

1 - Rankings for all levels of intensification

MARGIN RANKINGS IN LOWER CASAMANCE (ZONE 9) WITH LOW RAINFALL

One ranking was made for each of the three levels of intensification in

To summarize those rankings, the most often

encountered rank for a crop is given to that crop in the table below.

states of nature 1 and 7.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

Low. rice means lowland rice.

Trans. rice means transplanted rice.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Trans. rice Trans. rice Trans. rice Trans. rice

1 Maize Maize

2 Groundnuts Groundnuts Groundnuts

2 Maize

3 Groundnuts Maize

4 Mil./sorg. Mil./sorg. Mil./sorg.

5 Low. rice Low. rice Low. rice Low. rice  
 

2 - Rankings for all technical modules

A ranking was made for each state of nature 1 and 7. To summarize

those rankings, an average rank was calculated for each crop over all

technical modules and then a ranking of the average ranks was made,

which appears in the table below.

 

 

  

Rank GMWL GMNL NMWL NMNL

1 Trans. rice Trans. rice Trans. rice Trans.rice

2 Maize Groundnuts Groundnuts-Maize Groundnuts

3 Groundnuts Maize Maize

4 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

5 Low. rice Low. rice Low. rice Low. rice   
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TABLE 17

MARGIN RANKINGS IN LOWER CASAMANCE (ZONE 9)

WITH AVERAGE AND HIGH RAINFALL

1 - Rankings for all levels of intensification

One ranking was made for each of the three levels of intensification in

states of nature 5, 8, 9 and 13. To summarize those rankings, the most

often encountered rank for a crop is given to that crop in the table

below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg. means millet/sorghum.

Low. rice means lowland rice.

Trans. rice means transplanted rice.

 

 

   

Rank GMWL GMNL NMWL NMNL

1 Trans. rice Trans. rice Trans. rice

1 Low. rice Low. rice Low. rice

2 Trans. rice Low. rice

3 Groundnuts Groundnuts Groundnuts Groundnuts

3 Maize Maize

4 Maize Maize

4 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

 

2 - Rankings for all technical modules

A ranking was made for each state of nature 5, 8, 9 and 13. To

summarize those rankings, an average rank was calculated for each crop

over all technical modules and then a ranking of the average ranks was

made, which appears in the table below.

 

 

Rank GMWL GMNL NMWL NMNL

1 Trans. rice Trans. rice Trans. rice Trans.rice

2 Maize Groundnuts Groundnuts-Maize Groundnuts

3 Groundnuts Maize Maize

4 Mil./sorg. Mil./sorg. Mil./sorg. Mil./sorg.

5 Low. rice Low. rice Low. rice Low. rice    
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in those regions much more than they are presently. Maize area

expansion could contribute to reaching the government’s self

-sufficiency objective. Cotton area expansion could lead to an

increase in exports.

In Eastern Senegal and in a low rainfall year, the rankings in

order of decreasing profitability are: maize, groundnuts,

millet/sorghum and cotton. In an average or high rainfall year,

groundnuts supersede maize at the top. This difference in the ranking

order can be explained by the price setting mechanisms for each crop

already mentioned for the Groundnut Basin.

Cotton is nearly always last. Net margins for cotton are negative

in a bad rainfall year, unlike for other crops. These poor results for

cotton can be explained partly by the large quantity of inputs required

for that crop. Variable costs without labor for module 2 amount to

63,975 CFA Francs for cotton, 9,340 F for millet/sorghum, 18,740 F for

maize and 25,600 F for groundnuts. Cotton also requires more labor

than other crops, in particular during the harvest period. Module 2

requires 66 man-days per hectare for millet/sorghum, 49 for maize, 69

for groundnuts and 81 for cotton.

Similar results can be found in Casamance, leaving aside the rice

modules. In short, maize seems a promising crop while cotton is not

attractive at present prices.

The second issue concerns rice, which is grown mainly in

Casamance. Rice is important because it is the major staple for the

urban population. One component of the government’s food strategy

involves substituting local rice for imported rice. Rice can be grown
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in only two regions of Senegal: the Senegal River Basin and the

Casamance. It is therefore important to assess the potential for rice

expansion in Casamance.

In that region, rice can be grown in several traditional ways

following the toposequence: rainfed on the plateau, on lowland or

transplanted. Rainfed rice occurs mainly in Upper and Middle Casamance

(zones 7 and 8). Lowland rice can be found in Upper, Middle and Lower

Casamance (zones 7, 8 and 9). Transplanted rice is found mainly in

Lower Casamance (zone 9).

In a low rainfall year, rice ranks last. Conversely, in a high

rainfall year, rice is very well positioned. This difference in the

rankings comes from the especially high positive correlation between

rainfall quantity and rice yield.

Lowland rice ranks better than rainfed rice according to the

margins without labor cost, but sometimes worse according to the

margins with labor cost. This results from the large quantity of labor

required by lowland rice. For example, lowland rice module 2A

(mechanized) requires 182 man-days per hectare, lowland rice module 280

(manual), 162 man-days and rainfed rice module 2, 114 man-days.

In Lower Casamance, transplanted rice is clearly the most

profitable crop. This can be explained by the limited amount of inputs

used, except for labor, and by high and stable yields. Overall, rice

seems a financially interesting crop in Casamance, although a risky one

for lowland rice and especially for rainfed rice.

One major constraint for rice expansion in Casamance is land

availability. The areas where transplanted rice and lowland rice
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cultivation is possible are stagnating at best, and regressing in many

areas, because of the lower level of the water table and the associated

increased salt content of water.

Rainfed rice so far is mainly cultivated as 'pam pam" rice on

recently cleared forest. The government’s policy of protecting the

fragile environment by classifying forest areas limits the possible

expansion of this type of rice cultivation.

The third issue is the financial attractiveness of production

intensification. This is especially relevant for Lower Casamance where

use of animal traction and agricultural equipment is minimal, except in

the northern part.

Two modules 2 were distinguished for maize and lowland rice in

Lower Casamance, and for lowland rice in Middle and Upper Casamance:

one mechanized (2A) and one manual (280). Both modules obtain similar

ranks, although the manual modules tend to be slightly more profitable.

Mechanizing the cultivation of these crops does not seem very

attractive financially at first glance. However, mechanization helps

avoid labor bottlenecks at critical periods, for example during rice

transplanting. For an average year, lowland rice mechanized module 2A

requires 162 man-days compared to 182 man-days for module 28.

In general, the more intensive modules for each crop are ranked

higher in terms of net margins, which should result in a positive

attitude of farmers towards production intensification. Finally, as in

the Groundnut Basin, modules 4 for cereals generally rank high for the

reasons already mentioned.
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4.2.3 - Margin anelysie fer the Seeegel ijer Baeie

The Senegal River Basin includes three zones: the large perimeters

of the Delta and the beginning of the Middle Valley of the Senegal

River (zone 3), the Middle Valley of the Senegal River (zone 4) and the

Upper Valley of the Senegal River and the North of Eastern Senegal

(zone 5). The main characteristic of this whole region is the

development of irrigated agriculture. The margin rankings are

preégnted in Tables 18 to 20.

Four policy issues arise in this region:

1) Is rice the most profitable irrigated crop?

2) Is double cropping more profitable than single cropping?

3) Is irrigated agriculture more profitable than rainfed agriculture

and flood recession agriculture?

4) Is irrigated cultivation on large perimeters more profitable than

on small perimeters?

The first issue, i.e., the profitability of rice, is important

because a major component of the Senegalese government’s food strategy

is the development of irrigated agriculture in the Senegal River Basin,

with rice as the major crop. It is therefore important to assess the

profitability of rice in the eyes of the farmer.

Rice is clearly the most profitable irrigated crop. In single

cropping, the rankings give, in order of decreasing profitability,

rice, tomato, sorghum and maize. In double cropping, the order is a

double crop of rice, one crop of rice followed by another crop, and one

crop other than rice followed by one crop other than rice.

In the Middle and the Upper Valley, tomato margins are close to
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TABLE 18

MARGIN RANKINGS IN THE DELTA AND THE BEGINNING OF

THE MIDDLE VALLEY OF THE SENEGAL RIVER (ZONE 3)

Two rankings were made: one ranking by number of crops (single or

double) and one overall ranking. To summarize those rankings, the

average rank of each crop or combination of crops was calculated and

then a ranking of the average ranks was made, as is presented below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Rice+Rice means a double crop of rice.

Rice+0ther means one crop of rice followed by one crop of either

sorghum or maize.

Sorghum+Any means one crop of sorghum followed by one crop of either

sorghum or maize.

Maize+Any means one crop of maize followed by one crop of either maize

or sorghum.

 

 

Rank GMWL GMNL NMWL NMNL

1 Rice+Rice Rice+Rice Rice+Rice Rice+Rice

2 Rice+0ther Rice+0ther Rice+0ther Rice+0ther

3 Rice Sorghum+Any Rice Rice

4 Sorghum+Any Rice Tomato Sorghum+Any

5 Tomato TomatooMaize+Any Sorghum+Any Tomato

6 Maize+Any Sorghum Sorghum

7 Sorghum Sorghum Maize+Any Maize+Any

8 Maize Maize Maize Maize    
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TABLE 19

MARGIN RANKINGS IN THE MIDDLE VALLEY OF THE SENEGAL RIVER

(ZONE 4)

Two rankings were made: one ranking by number of crops (single or

double) and one overall ranking. To summarize those rankings, the

average rank of each crop or combination of crops was calculated and

then a ranking of the average ranks was made, as is presented below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

_NMNL means net margin with no labor cost.

SorghumI means irrigated rice.

SorghumO means flood recession rice.

Rice+Rice means a double crop of rice.

Rice+0ther means one crop of rice followed by one crop of either

sorghum or maize.

Sorghum+Any means one crop of sorghum followed by one crop of either

sorghum or maize.

Maize+Any means one crop of maize followed by one crop of either maize

or sorghum.

 

 

Rank GMWL GMNL NMWL NMNL

1 Rice+Rice Rice+Rice Rice-Rice+Rice Rice+Rice

2 Rice-Rice+0ther Rice+0ther Rice+0ther

3 Rice Tomato-Rice+0ther Rice

4 Tomato Tomato Tomato

5 SorghumI Sorghum+Any SorghumI Sorghum+Any

-Sorghum+Any

6 Maize+Any Sorghum+Any Maize+Any

7 Maize-Maize+Any SorghumI SorghumO SorghumI

8 Maize Maize+Any Maize

9 SorghumO SorghumO Maize SorghumO     
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TABLE 20

MARGIN RANKINGS IN THE UPPER VALLEY OF THE SENEGAL RIVER

AND IN THE NORTH OF EASTERN SENEGAL (ZONE 5)

Two types of rankings were made: one ranking for rainfed crops for

states of nature 1, 5, 8, 12 and 13 and one overall ranking with

irrigated crops and rainfed crops for states of nature 1 and 13. To

summarize those rankings, the average rank of each crop or combination

of crops was calculated and then a ranking of the average ranks was

made, as is presented below.

GMWL means gross margin with labor cost.

GMNL means gross margin with no labor cost.

NMWL means net margin with labor cost.

NMNL means net margin with no labor cost.

Mil./sorg.//sorg. means rainfed millet/sorghum.

SorghumI means irrigated rice.

Rice+Rice means a double crop of rice.

Rice+0ther means one crop of rice followed by one crop of either

sorghum or maize.

Sorghum+Any means one crop of sorghum followed by one crop of either

sorghum or maize.

Maize+Any means one crop of maize followed by one crop of either maize

or sorghum.

 

 

   

Rank GMWL GMNL NMWL NMNL

1 Rice+Rice Rice+Rice Rice Rice+Rice

2 Rice Rice+0ther Rice-Rice Rice+0ther

3 Rice+0ther Rice Rice+0ther Rice

4 Tomato Tomato Tomato Tomato

5 Groundnuts Sorghum+Any Groundnuts Sorghum+Any

6 SorghumI Maize+Any SorghumI Maize+Any

7 Sorghum+Any SorghumI Mil./sorg. Groundnuts

8 Mil./sorg. Groundnuts Maize+Any SorghumI

-Maize+Any -

9 Maize Sorghum+Any Maize

10 Maize-Cowpeas Cowpeas Cowpeas Cowpeas

11 Mil./sorg. Maize Mil./sorg.
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that of rice margins, especially when including labor cost. In fact,

the labor requirements for rice are much higher than those for tomato

(respectively 233 and 149 man-days per hectare).

Two reasons for this clear advantage of rice compared to competing

cereals are 1) the higher yield of rice (4.5 tons per hectare for paddy

rice, 3 for sorghum, and 1.7 for maize) 2) and the higher price of

rice (CFAF 85 per kilo of paddy rice, 70 for sorghum, and 80 for

maize). The tomato yield is much higher than the rice yield (15 tons

per hectare of tomato), but the tomato price is much lower than the

paddy rice price (CFAF 25 per kilo of tomato).

If the farmer wants to diversify, his best alternatives in

decreasing order of profitability are tomato, sorghum and maize.

However, tomato and maize expansion are limited by a soil constraint;

the soils of the Delta are too heavy and too salty for tomato and maize

cultivation. The only crops there possible are rice and sorghum.

Tomato expansion is also constrained by the absence of an organized

marketing system in the Upper Middle and Upper Valley of the Senegal

River. The only organized marketing system for tomato exists in the

lower Middle Valley.

The second issue in the Senegal River Basin concerns the

profitability of double cropping versus single cropping. At present,

technical reasons limit the area available for double cropping, but the

completion of the Manantali dam in 1988 should make it possible to

control the flow of water of the Senegal river all year round and,

therefore, to generalize double cropping.

This is an important issue because the extension of double cropping
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could reduce production costs, dividing fixed costs roughly by a factor

of two. Domestic irrigated rice would then become more competitive

with imported rice.

The rankings indicate that double cropping seems generally worth

the extra effort in the case of rice. If the farmer goes from a single

crop of rice to two crops of rice, his margin increases from

278,392 CFA Francs per hectare to 701,317 F, i.e., an increase of

422,925 F. Since double cropping requires 118 man-days of extra work

per hectare, each extra day brings 3,584 F to the farmer. This figure

can be compared to the agricultural labor wage of 500 to 700 CFA Francs

per day. Therefore, it seems that rice double cropping is financially

attractive.

~_However, a single crop of rice can bring more money than most

double crops other than rice. Considering the extra work required for

double cropping, the margin per day of labor is much higher for a

single crop of rice than for non-rice double crops.

For example, the net margin without labor cost for module 2 of

irrigated rice planted early during the rainy season is 266,525 F per

hectare for 103 days of work, i.e., 2,588 F per day. The same margin

for the combination sorghum-tomato, which is the best combination

without rice, is 200,516 F per hectare for 199 days of work, i.e.,

1,008 F per day. The margin for the combination maize-maize, which is

the worst combination without rice, is 50,082 F per hectare for

204 days of work, i.e., 264 F per day.

An important issue is the opportunity cost of time. The

opportunity cost used above is the agricultural wage labor. The
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opportunity cost could instead be based on the returns to off-farm

employment in trade or transport activities, but no data were available

on this. It could also be based on the value of leisure, which is

virtually impossible to measure empirically. Because of the

difficulties of estimating the opportunity cost of labor, which is an

important cost element, our conclusion that rice double cropping is

more financially attractive than rice single cropping must be treated

with caution.

Other factors are important in evaluating the value of double

crepeing compared to single cropping. In particular, one problem with

double cropping is that it requires the farmer to stick to a precise

crop calendar, to prevent the two crop calendars from overlapping.

Therefore, double cropping is much more rigid than single crepping.

Also, problems of overlapping calendars mean that all combinations

of crops are not possible. Often, one crop has to be planted late to

allow enough time to finish the growing cycle of the previous crop and

to harvest. From the rankings, it is clear that late planting means

reduced yields, and so, reduced margins. The margin for double

cropping is less than the sum of the two single crops.

The third issue concerns the relative profitability of irrigated

agriculture compared to rainfed cultivation and flood-recession

cultivation. These last two types of cultivation were the only ones

before the introduction of irrigated agriculture on a large scale in

the mid-sixties.

Both have seen their importance decrease as a result of the

drought. Rainfed cultivation on dierj land is now mainly limited to
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the Upper Senegal Valley and the North of Eastern Senegal (zone 5).

Flood recession cultivation on eeele land is mainly limited to the

Middle Valley of the Senegal River (zone 4).

Although flood recession cultivation is supposed to disappear as a

result of the control of the floods with the dams of Diama and

Manantali, this will probably not happen before 1995. Until then,

flood recession cultivation remains an alternative in the years when

the water level is adequate.

Two rankings have been made for zone 5 to compare irrigated crops

with rainfed crops in two states of nature: the worst possible state

(state 1) and the best possible state in that zone (state 13).

If the worst state of nature occurs for rainfed crops, irrigated

crops rank better than rainfed crops according to the margins without

labor cost. They also rank better according to the margins with labor

cost, except for irrigated crop combinations including sorghum and

maize. The latter are dominated by a number of rainfed crop modules,

in particular groundnut modules.

In the second ranking, with the best probable state of nature for

rainfed crops, irrigated crops remain in general more profitable than

rainfed crops, but the difference between the two is smaller, in

particular for the ranking according to the margins with labor cost.

Rainfed crops require less work than irrigated crops. Module 2

requires 47 man-days per hectare for groundnuts, 42 for millet/sorghum,

and 95 for cowpeas, compared to 233 for rice in the rainy season, 165

for maize in the rainy season, 179 for sorghum in the rainy season and

129 for tomato. Overall, irrigated crops seem more profitable than
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rainfed crops in zone 5.

Let us now compare irrigated cultivation and flood recession

cultivation in the Middle Valley of the Senegal River (zone 4).

Sorghum, which is the only flood recession crop, is the least

profitable of all irrigated crops in the rankings according to the

margins without labor cost. In the rankings according to the margins

with labor cost, it ranks ahead of only single or double cropping

combinations with maize. In fact, flood recession sorghum is not grown

for sale, but as a home consumption crop requiring minimal inputs,

which therefore leads to low yields.

To sum up, irrigated cultivation appears more profitable than

rainfed or flood recession cultivation. Another advantage of

irrigation is its independence from weather vagaries, except during the

hot off-season. This contrasts sharply with rainfed and flood

recession cultivation. The area available for flood recession

cultivation varies considerably from year to year depending on the

importance of rainfall in Guinea, and hence the magnitude of the flood

downstream in Senegal. The area suitable for rainfed cultivation

varies as well depending on the importance of rainfall in the Upper

Senegal River Valley.

However, irrigated cultivation also presents some drawbacks from

the farmer’s perspective. First, it is limited by the amount of

irrigated land available. Second, its profitability depends on the

availability of the right inputs at the right time. It is much more

dependent on the input marketing system than the other traditional

types of cultivation. Third, at a more general level, it depends on
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the policies of the parastatal in charge of irrigation development in

the Senegal River Basin: the SAED.

The fourth issue concerns the relative profitability of large

versus small perimeters. Large perimeters are found in the Delta and

the lower Middle Valley (zone 3). Small perimeters are found in the

Middle and the Upper Valley (zones 4 and 5). There are some small

perimeters in zone 3, but they follow the same cultivation practices as

large perimeters in zone 3 and can therefore be grouped with them.

Elsewhere, large perimeters and small perimeters use different

techniques for rice cultivation. 0n large perimeters, land preparation

is done mechanically by SAED and rice is seeded directly. 0n small

perimeters, land preparation is done manually and rice is transplanted.

In terms of gross margins, the profitability of irrigated crops on

large perimeters is greater than on small perimeters. In terms of net

margins, irrigated crops on large perimeters are less profitable than

on small perimeters, except for rice. The profitability of irrigated

craps on small perimeters is also relatively higher than on large

perimeters when labor cost is excluded.

These results can be explained by the difference in factor

intensities on both types of perimeters. Large perimeters are more

capital intensive, which increases the share of fixed costs in total

cost and consequently reduces net margins. Small perimeters are labor

intensive, which reduces margins with labor cost.

Overall, it is hard to reach a definitive conclusion on the

relative profitability of small versus large perimeters. If the net

margin without labor cost was the sole criterion, then small perimeters
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would be more profitable than large perimeters.

Other factors must be considered in choosing between large and

small perimeters. From past experience, it seems clear that farmers

are far more enthusiastic about small perimeters than about large

perimeters. Small perimeters are by definition easier to control and

are usually settled by a more ethnically homogeneous population than

large perimeters.

However, small perimeters have generally been set up where manual

land preparation was possible. Future perimeters will probably require

some mechanical land preparation. Given the disadvantages of large

perimeters and the limits of small perimeters, SAED is now favoring the

concept of intermediate perimeters; large perimeters are being

disaggregated into smaller units for the management of certain

operations.

4.2.4 - Mergje enelyej; at the eetjeeel level

Two issues arise at the national level:

1) In which region does it make sense-to promote a given crop?

2) What are the most profitable agricultural activities in Senegal?

To give insights on the first issue, a ranking of the net margins

underhaVErage rainfall conditions (state of nature 8) with and without

labor was made across all regions where a given crop is grown. In the

ranking for millet/sorghum, irrigated sorghum in the whole Senegal

River Basin comes first according to the net margin without labor

cost. In the ranking by net margin with labor cost, irrigated sorghum

in the Delta and the beginning of the Middle Valley (zone 3) is first,

but irrigated sorghum in the Middle Valley and the Upper Valley (zones
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4 and 5) rank at the 20th and 22nd positions. This results from

the high labor cost on the small perimeters in zones 4 and 5.

The second and third ranks for millet/sorghum go respectively to

rainfed millet/sorghum in the South (zones 10 and 11) and in the Center

(zone 1) of the Groundnut Basin. The last place is taken by rainfed

millet/sorghum in the North of the Groundnut Basin (zone 2) if labor

cost is excluded and to flood recession sorghum in the Middle Valley of

the Senegal River (zone 4) if labor cost is included.

In the ranking for maize, Lower and Middle Casamance occupy the

first place. Irrigated maize ranks last.

In the ranking for rice, irrigated rice in the Senegal River Basin

is more profitable (financially) than traditionally grown rice in

Casamance. In the ranking by net margin with labor cost, irrigated

rice in the Delta and the beginning of the Middle Valley (zone 3) is

more profitable than rice in the Middle and Upper Valley (zones 4 and

5). In the ranking by net margin without labor cost, irrigated rice in

zones 4 and 5 is more profitable than in zone 3. This difference comes

from the high labor use on small perimeters in zones 3 and 5.

Transplanted rice in Lower Casamance (zone 9) is the most profitable of

the traditional types of rice in Casamance, followed by lowland rice

and rainfed rice.

In the ranking for groundnuts, the south of the Groundnut Basin

(zones 10 and 11) is the most profitable. The high intensity module

(module 1) in the Casamance (zones 7, 8 and 9) is also highly ranked

according to net margin without labor cost. At the bottom of the

ranking are the low intensity modules in Casamance and in the Center of
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the Groundnut Basin (zone 1). It seems clear that the center of

gravity of groundnut production is moving from the Center to the South

of the Groundnut Basin.

In the ranking for cotton, Upper Casamance (zone 7) is the most

profitable region, ahead of Eastern Senegal (zone 6) and Middle

Casamance (zone 8). All net margins with labor cost are negative,

except for zone 7. This means that cotton is not a profitable crap in

zones 6 and 8 at present prices. Even in zone 7, cotton is outranked

by most other crops. Cotton is a marginal crop which occupies 7% to 8%

of the cultivated areas in zones 6, 7 and 8. This percentage is

currently decreasing as cotton area declines. Cotton is not grown for

its profitability, but as a way to get access to agricultural inputs

and credit supplied by SOOEFITEX, the parastatal initially created to

foster cotton cultivation.

In the ranking for cowpeas, the Center of the Groundnut Basin

(zone 1) is more profitable than the North of the Groundnut Basin

(zone 2), where the climatic conditions are less favorable. Whether

cowpeas should be developed in zone 1 and not in zone 2 depends on the

alternatives open to farmers. In zone 1, groundnuts are in general

better ranked than cowpeas while in zone 2, there is no real

alternative to cowpeas.

In the rankings for tomato, small perimeters in the Middle and

Upper Valley of the Senegal River (zones 4 and 5) are more profitable

than large perimeters in the Delta and the beginning of the Middle

Valley (zone 3). This result must be interpreted cautiously since the

same price was assumed to be paid for all tomato producers in zones 3,
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4 and 5. Right now, most of the tomato is produced close to the tomato

paste plants located at the border of zone 3 and zone 4. However,

tomatoes that could be produced in the future in the Upper Middle and

Upper Valley would probably be paid a lower price given the distance

from the plants and other markets.

To identify the most profitable crops in Senegal, a ranking by net

margin with and without labor was made for all crops in all zones. The

overall ranking by crop gives:

1) irrigated rice

2) irrigated tomato

3) groundnuts

4) maize

5) millet/sorghum

6) cowpeas

7) cotton.

To identify the most profitable regions in Senegal, a composite

ranking of crops by zone was made. The results were not significant,

indicating that there is no best agricultural region in this country

across all crops.

4.2.5 - Semeerv of findinee_eee_eeliey_imelieat1ees

The present price policy does not especially favor rainfed

 

cereals. Millet/sorghum is clearly not an interesting cash crap, and

is grown mainly for home-consumption. Maize is much more profitable

and can be competitive with groundnuts in some cases, although overall,

groundnuts remain the most profitable rainfed crop. This does not seem

consistent with the Senegalese government’s objective of significantly
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increasing the level of cereals self-sufficiency.

The present price policy strongly favors irrigated rice in the

Senegal River Valley. Irrigated rice is the most profitable irrigated

crop and the most profitable crop overall in Senegal. This reflects

the very high priority given by the Senegalese government to increasing

domestic rice production and to developing the Senegal River Basin.

Cotton poses no challenge to groundnuts as the dominant export

crop. Cotton is less profitable than most crops and, quite often, not

profitable at all. The current price structure does not seem

consistent with the efforts of the parastatal SODEFITEX to promote

cotton cultivation.

The present price structure generally makes intensification of

production financially attractive in the southern part of the Groundnut

Basin (zones 10 and 11), Eastern Senegal (zone 6) and the Upper and

Middle Casamance (zones 7 and 8). However, intensification does not

seem very profitable in the rainfed regions located more to the north.

This pattern makes sense since intensification should be favored

primarily in the zones with the best agricultural potential.

To review this chapter, a number of detailed crop budgets were

constructed to describe agricultural production in Senegal. These crop

budgets vary by crop, by zone and by technical module. Uncertainty on

yields and prices was incorporated. Margins were calculated and

analyzed to evaluate the profitability of alternative crops and

technical modules in all agricultural zones of Senegal. The crop

budgets were also used as data base for a modelling exercise described

in the next chapter.



CHAPTER 5

METHODOLOGY FOR THE EMPIRICAL MODELLING EXERCISE

The crop budgets provide a good idea of the financial

attractiveness of the major crops for the Senegalese farmer. However,

the prgfjt motive is only one side of the coin. The other important

component of the farmer’s utility function is the food security

objective. I I

(“WE‘This objective pushes him to grow food crops for home consumption

and to select crops for sale in order to guarantee a minimum income I,/

whatever the state of nature. Both actions may run counter to the

profit maximization objective. Therefore, the farmer often has to make

trade-offs among conflicting objectives.

The farmer also operates under resource constraints. Land, labor

and capital must be allocated to competing production activities. Some

resource constraints are binding and force a change of production

strategy.

v,, A farm model that tries to include these key variables and their

interactions can provide a number of insights about the farmer’s b//

Opportunity set and his probable behavior when faced with different

155
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price polities.

Therefore, our concern for understanding the farmers’ micro

strategies and their implications for macro food policy led us to build

a number of farm models and link them into a larger agricultural sector

megel. The stages of the modelling exercise are presented first,

followed by a detailed description of the typical farm model and of the

agricultural sector model.

5.1 - a f m el in e r

5.1.1 - e o t c ' o t l

A typical farm was modelled in each agricultural zone previously

identified, exeept inatwo zones where two submodels were gonstgegteeflte,.

aecount for the gjyegsity, bathe e zoneszl In total, 13 farm models
 

were constructed.

 

Linear programming techniques were used for these models. The

objective function specified for the producer was to maximize profits ~//

under a number of food security and resource constraints. Only major «/”

crops were considered as production activities. Livestock activities

were not included for several reasons:

- Policy choices regarding theflivestock sector are less important than

policy choices regarding the crop sector in Senegal. The most

 

lIn zone 3, one model was built for the Delta of the Senegal River

where the only crops possible are rice and sorghum. Another model was

built for the Lower Middle Valley where tomato and maize cultivation

are also possible. In the Upper Valley of the Senegal River and the

North of Eastern Senegal (zone 5), one model was built for the areas

close to the Senegal and Faleme rivers where both irrigated cultivation

and rainfed cultivation are possible. Another model was built for the

areas away from those rivers where only rainfed crops are possible.
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important agricultural policy issue in this country concerns the

optimal mix of food crops and cash crops;

- The government’s policies have a much more important impact on crop

production than on the livestock sector in Senegal. The government

has a limited influence on two major components of the livestock

sector: the subsistence activity at the farm level where goats and

sheep are raised for the milk and meat needs of the farm household;

and a commercial activity which is integrated to a large extent in

international trade flows of cattle and camels within West Africa;

{- The livestock sector is less well-known than the crop sector.

1. Livestock data is limited and often not very reliable. ”z

Nonetheless, the existence of a livestock sector was considered

indirectly by this research in several ways:

- In the farm models, a value is given to groundnut hay and cowpea

hay. Hay, especially groundnut hay, is an important livestock feed

in Senegal;

- In the farm models, land available for crop activities is equal to

total cultivable land minus estimated cultivable land used for‘

livestock activities;

- In the agricultural sector model, food needs to be satisfied are

equal to total food needs minus food needs satisfied through

consumption of animal products and food crops other than cereals.

'The farm models were calibrated by running them with thefigeggial V///

éEIEEi_fffglflffl3‘and butputs for the mid-1980’s and then comparing the

models’ results withthé data available on 1) the regional pattern of

cultivated acreage by crop and by technical module and 2) farm income
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for those years. Data on the percentage of cultivated area allocated

to each crop came from the Ministry of Rural Development and from farm

surveys conducted by ISRA and WARDA researchers. The figures from the

Ministry of Rural Development came from yearly area and yield surveys

conducted by the regional services of the Ministry and by regional

development agencies. The percentage of the cultivated area allocated

to each technical module for a given crop, and farm income were

estimated for each zone on the basis of farm surveys conducted by ISRA

and the expertise of several ISRA researchers.

No major differences between the observed pattern of production

and the farm models results occurred. When some minor discrepancies

existed, changes in the food security constraints, which are described

later in this chapter, and in the structure of cereals demand by the

farm household made a fine-tuning of the farm models possible.

The only exception was for cotton acreage. As mentioned in the

margin analysis section, cotton is the least financially attractive

crop. As a consequence, the initial solution of the farm models, in

which cotton was a possible production activity, did not include any

cotton. In practice, cotton represents on average 7 to 8% of the

cultivated area in Eastern Senegal and in Casamance. It is mainly

grown to get access to credit and inputs, in particular fertilizers,

from SOOEFITEX, a regional development agency which was initially

created to favor cotton cultivation. To reflect this situation, a

 

minimum constraint on the cultivated area allocated to cotton was added

R'—

/
in the models run with financial prices. This constraint was of course

eliminated in the models with economic prices.

’4- Del—‘I—Iuh—I— -_., ”_H

11
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5.1.2 - a n a i . n v l

I ! II II 1 1 1 -2

The number of farms in each zone was estimated in several ways:

1) By looking at the sparse data available on farm numbers;
u——..—._._

2) By dividing the actual total cultivated area of the zone (calculated

using data from the Ministry of Rural Development) by the size of

the typical farm modelled for that zone (calculated from farm

surveys conducted by ISRA and WARDA));

3) By dividing the actual zone production (calculated using data from

the Ministry of Rural Development) by the optimal output from the

typical farm modelled for each crop. This gave one farm number

estimate by crop considered.

The number of farms that seemed the most consistent was chosen for

each zone. A final consistency check was done at a later stage by

comparing the national production obtained by summing up optimal

production from all the farm models over all zones for each crop and

national production figures for this crop calculated by the Ministry of

Rural Development.

The production of each crop at the zone level was calculated by /

\/

multiplying the optimal farmoutpet levels by the number;0f farms,1n

W

the zone. National production was calculated_by adding production frem
.. flflnw.ve _ . ,
RH ._....1 F— '

“w"

all zones. Net production at the zone and at the national levels was

then calculated by multiplying gross production by a coefficient which

incorporated the effects of storage and processing losses and

I reconstitution of seed stocks.
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5.1.3 - v i lt r l rv

The farm models were run with several different price vectors.

Each price vector is a particular set of input and output prices which

is consistent across all zones. The price of a given input or output

is not assumed to be the same in each region, but rather varies to \ 1

reflect differences in transportation and marketing costs.

ixiThe basic price vector used was the financial price vector

composed of 1986-87 prices for inputs and outputs at the farm gate.

Five higher price vectors were derived from this basic price vector by

increasing all cereals prices by a given percentage: 20%, 40%, 60%,

80%, and 100%.

The supply responses 9f the typical farm were then multiplied by

 

the estimated number of farms in each zone to provide the Z°EE~§EEEIY

curves, which added together gave the national supply curve. The zone

soEETy in tons corresponding to any price vector was converted into

calories to be able to compare it to the food needs expressed also in

calories.

Thus, six points on the supply curve of each cereal were obtained.

It is worth pointing out that these are n t stendard supply curves

since all cereals prices were varied together and not separately. Alse

these supply curves are normative, i.e., derived by simulating the \///

imeect of different output price policies on the production of the

typical farms modelled. They do not come from the statistical analysis

of time series data.

Nonetheless, the derivation of these supply curves provided

M \

insights into the likely response of cereals supply to price policies
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which are plausible for Senegal. They also served as the interface

between the micro farm models and the macro agricultural sector model.

I/Xf An economic price vector was also calculated, using import or
‘F_ “'17“

H export parity prices for traded goods and the domestic market prices
w..—

I fey gen:traded goods. The farm models were run with this economic

I price vector to evaluate the "true” opportunity cost of production and

a the present comparative advantage of Senegal.

-5i114 - The eenetrectjon ef ee egrjeeltere! setter medel

The agricultural sector model includes national production

activities corresponding to the six different price vectors, processing

activities, domestic and international trade activities for inputs and

outputs, and consumption activities.

Separable programming techniques were used. The objective

function was to minimize the net cost of meeting the food needs of the?

Senegalese population (minus the value of exports) under a set of

constraints on food habits, input and output transfers, and macro food

security. Solving this model gives the "optimal” pattern of production

and trade for Senegal, given the assumptions of the modelling exercise

about farmers’ and the government’s behaviors.

The agricultural sector model was applied as follows. Let us

start from the present level of agricultural prices and the present

structure of production and trade. As‘mentioned in Chapter 3, the

current level of cereals self-sufficiency in Senegal using milled

product weights expressed in calories varies usually between 40% and

50% depending on the year. However, the Senegalese government has set

an 80% cereals self-sufficiency objective for the year 2000.
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A macro food security constraint forces the model to meet a

self:sufficienEy objective. This objective can be set at different

levels such as 55% pr 60%. Since these levels are higher than that

obtainable with current prices, the government must then offer higher

cereals prices to producers to induce a higher supply of cereals. The_

model chooses the level of prices that is required to meet the cereals

N.
w——-—a———.,__

h‘

“hun—

self-sufficiency_Eonstraint at least cost. If no price vector is able

to meet the self-sufficiency level desired, there is no feasible
”fin-m.” ~

solution.

,,,..¥;; agricultural model was run for levels of cereals

self-sufficiency corresponding to current prices, a 40% increase in

cereals prices, and an 80% increase in cereals prices (running the

model with the other price vectors resulted in marginal changes in

production and trade compared to the results with these three price

vectors). This provided a better idea of the trade-offs between the

objectives of self-sufficiency and economic efficiency as well as a

better appreciation of the feasibility of the government’s objectives.

This is an important output of this research since it provides the

’ Senegalese government with a menu of feasible policy choices. A

maximum realistic level of cereals self-sufficiency was estimated for

Senegal as well as the opportunity cost of higher and higher

self-sufficiency levels within this limit.

The agricultural sector model was calibrated by comparing the

model’s results regarding the international and interregional flows of

inputs and outputs with data for the mid-eighties from the Ministry of

Economy and Finance and the Ministry of Trade, and with experts’
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opinions. When minor discrepancies were observed, adjustments were

made in the structure of cereals demand by urban consumers.

5.1.5 -W

The overall modelling exercise, i.e., solving the farm models,

deriving the supply curves and solving the agricultural sector model,

was conducted several times to examine key policy alternatives.

First, the impact of several price policies was evaluated. Apart

from the basic run mentioned above, where rice, maize and millet

/sorghum prices were raised simultaneously, the effect of increasing

only the price of rice was also examined in order to look at the

probable impact on rice production of a tariff on rice imports. Such a

tariff would probably be imposed as part of establishing a protected

regional cereals market, a proposal made by the Mindelo CILSS-Club du

Sahel (1987) conference in 1986 and under study right now.

Second, the agricultural sector model was run using economic

prices to estimate the present comparative advantage of Senegal in

agriculture.

Third, the agricultural sector model was run using the world

prices in 1983-84 which were much higher than the world prices in

1986-87 for the major agricultural products traded by Senegal. The

prices of those commodities tend to fluctuate in a similar way in the

long run (see World Bank 1987c). The world prices projected for the

end of the century by the World Bank lie between the 1983-84 level and

the 1986-87 level, although much closer to the 1986-87 level (World

Bank 1987a). Thus, running the agricultural sector model with a low

level of world prices (1986-87) and a high level of world prices
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(1983-84) was considered sufficient to estimate the impact of the world

price level on the solution.

The impact of several changes in the land constraint was

analyzed. The analysis described above assumes that the cultivable

area is fixed. The land constraint is often one of the binding

constraints in the farm models.

However, marginal rainfed land would probably be put into

cultivation if prices for rainfed cereals increased. The irrigated

area is also going to increase with the creation of new perimeters.

The completion of the Manantali dam will make the extension of double

cropping possible. Therefore, the model was run allowing for these

increases in cultivated land to estimate their impact on the cereals

self-sufficiency rate.

Finally, an experimental design procedure was employed to identify

the most important variables affecting certain performance criteria.

This approach is sometimes used in simulation studies; see Crawford

(1982) for a discussion and illustration.

The experiment set up here involved running the agricultural

sector model for three levels of production (or desired self-

sufficiency levels), two sets of food habit constraints and two sets of

world prices. A variance decomposition analysis was then conducted to

identify how much each variable contributed to the variation in two

performance variables: the objective function of the agricultural

sector model (a rough proxy for the economic cost of cereals

self-sufficiency), and the foreign exchange balance for agricultural

inputs and outputs calculated in the model.
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5.2-Witness];

The farm model calculates the ”optimal" pattern of preductjon and .

consumption from the producer’ 5 perspective.
M
——_—__.~—_ --

-..._-—-'

5.2.1 - Aetjyjtjee

The farm model includes production, input procurement, risk

transfer columns, food buying and output selling activities.

~3memnss

The production activities correspond directly to the technical

modules analyzed in the crop budgets. The cereals activities are

repeated twice since cereals help satisfy two different needs:

production forhome consumption and production for sale to generate

cashfljncome.

This distinction is also helpful for the incorporation of

uncertainty‘in the model. The uncertain variable in the cultivation of

Weed crOQS’grown for home consumption is the yield. For cereals grown

for sale, the uncertain variable is the income per hectare since \//

generally both the price and the yield fluctuate. The exception is

rice in the Senegal River Basin, for which the official price is

usually the price paid to the producer, which eliminates market price

uncertainty. Separating the cereal hectarage into hectarage for home-

consumption and hectarage for sale makes it easier to separate the

different sources of uncertainty and to consider their relative

importance.

-1np_ut_mmment

The farmer can buy seeds, fertilizers and crop protection

products. He can also hire labor for key periods of the cropping
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season and borrow capital to finance purchases of agricultural inputs

and to buy food during the hungry season. It is assumed that all the

cereals purchases by the farmer happen during the hungry season (June

to September).

- a l 5

These activities are part of the methodology used to incorporate

the effects of uncertainty on the farmer’s decisions. Basically, these

columns represent the link between values observed in the past for

uncertain variables and the present pattern of activities. A more

. detailed explanation is given in part 5.2.3-on the description of the

food security constraints.

- teeeele euying aetivitiee

The farmer has the option of buying cereals instead of producing

them.

-JLEUL§£1JJMJSLUI_UJ§

The farmer can sell cash crops and cereals grown for sale.

5.2.2 - b'ec iv f nc on oe i en s

The objective function to be maximized is the income of the farmer

net of cereals purchases. This specification does not mean that

farmers are treated exclusively as profit maximizers. Farmers have

other objectives in terms of foeg_§eggrjty_and meetingxsocial v///

Q91193£1905- These objectives are treated as constraints in the modeI

which, in fact, amounts to giving them priority over profit

maximization.

The coefficients in the objective function are specified as

follows:
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- For any production activity, the cost of inputs not specified in the

input procurement activities, but used in this production activity.

This will basically cover the variable costs of using agricultural

equipment (fuel, spare parts) and the fixed costs for agricultural

equipment and animal traction.

Since a cereal grown for home-consumption is not intended to be

sold, its only value to the farmer is in helping satisfy the food

security constraints. This value is determined by the model. Thus,

the coefficient in the objective function is not a gross margin

measuring the value of this food crop on the market, minus variable

coets of production not individually accounted for. It_isM§jmply

equal to the latter costs;

- For any input procurement activity, the cost of that input. In the

case of capital, it is assumed that the farmer can borrow money from

the local trader for four months from early June to early October to

buy food and agricultural inputs at a given monthly interest rate (in

cash or in kind). The types of inputs which can be financed only

with the starting capital vary from zone to zone.3yIn general, in

I T31QEEQLSEIEiXEEIPQ_Z°"eS1 fertilizers purchases and hired labor

wages have to be financed this way. In irrjgated cultiyetjen zones,

onTy:ETEed~lebe:fl!ege§ are usually financed this way;

,“ - For any risk transfer column, ze:g_since there is no cost or price

attached to the risk transfer column;

- For any cereal buyieg_aetivity, the farmfigate purchase price of that

cereal;

- For any output selling activity, the farm-gate sale price of that
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output.

The objective function is thus defined as follows for each
,ew“ fl_’w_-,, t q"

producing zone r:
_~\~

"TIMI-.- u—vr'

‘fi—‘vn

Max ‘r -

where:

TNijr:

jmr

-22TNC- A- ~2£2P IN--
j m jmr jmr i j m ir 1jmr

cost of non- cost of itemized

itemized inputs inputs

- 2 Pf? ACERfr + 2 Pjr SALjr (1)

f .1

cost of cereals sale of agri-

purchases cultural products Units: CFA Francs

: Index for zones producing agricultural products; r - 1,13;

: Product index; j . 1,6 maximum (variable from zone to zone);

: Technical module index; m - 1,5 maximum (variable from product

to product and from zone to zone);

: Input index; i . 1,31 maximum (variable from zone to zone);

: Cereal index; f - 1,4 maximum (variable from zone to zone);

Total net cost of producing product j cultivated with

module m for the typical farm in zone r;

: Area cultivated in crop j cultivated with module m by the

typical farm in zone r;

: Price of input i in zone r;

Quantity of input i used to produce product j cultivated with

module m by the typical farm in zone r

: Price of cereal f in zone r;

Quantity of cereal f bought by the typical farm of zone r;

: Price of product j in zone r;

: Quantity sold of product j by the typical farm of zone r.
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5.2.3 - genetraiete

The farm model includes constraints on input availability,

accounting identities, food security objectives at the farm level and

food consumption habits.

- n r t in t

There are constraints on the availability of land, seeds,

fertilizers, crop protection products, labor and animal traction at key

peak periods as well as starting capital. Starting capital is the \

 

amount of capital available for investment once social obligations haI:

I

been satisfied.

For each input i in zone r,

2 z aijmr Ajmr S bir (2) Units: units of input i

J' In ~

where:

aijmr : Quantity of input i required to cultivate one hectare of

product j cultivated with module m by the typical farm in

zone r;

: Area cultivated in crop j cultivated with module m by the

typical farm in zone r;

bir : Quantity of input i available to the typical farm in

zone r.

- n in id i i

The quantity of any product sold cannot be greater than the

quantity produced on the farm.

For each product j in zone r,

SALJr s 3 Ajmr Mij. (3) Units: kilos

\.



170

where:

SALJr : Quantity sold of product j by the typical farm of zone r;

Ajmr : Area cultivated in crop j cultivated with module m by the

- typical farm in zone r;

"ijr : Mean yield of crop j cultivated with module m by the typical

~- farm in zone r.

- '- Eeee eecehjty eenstreiets et the fare leyel

Several constraints are imposed to reflect the priority given to

food security by the producer. This priority is particularly strong c///‘

for the ”chief of concession" or head of the compound, who has the

social responsibility of ensuring that the food needs of all the

members of the I'concession" are satisfied.

1)W:The farm

household must satisfy its nutritional needs defined in terms of \¢///

calories either through home consumption of food crops or through

I‘M

purchases of food.

3 2 "anr Agmr CALg + 2 ACERfr CALf 2 CNEED, (4)

m f

Units: thousands of calories

where:

g : Index for cereals grown for home consumption;

"ngr : Mean yield of crop g cultivatedewith module m by the typical

farm in zone r;

Agmr : Area.cultivated in crop g cultivated with module m by the

typical farm in zone r;

CALg : Thousands of calories per kilo of cereal g;

ACERfr: Quentity of cereal f bought by the typical farm of zone r;

CALf : Thousands of calories per kilo of cereal f;
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Q

CNEEDr: Caloric needs of the typical farm household in zone r.

ii) A eonetrejht eh the mihimem level ef eereele eelf-euffjciency:

The farm household wants to produce on average a large share of the

cereals required to cover its needs, for example 70% in zone 1. Even

in the worst year, it wants to cover a minimum share of its needs, for

example 30% again in zone 1. These needs are defined in calories.c/’

To include these considerations, additional rows are introduced in

the LP tableau. They contain the deviations from the mean during the

worst possible states of nature for the uncertain variables, i.e., the

yields of food crops produced for home consumption. A bad year for one

crop might mean an average year for another, resulting in offsetting

inter-crop yield variations. I

.The mean yieI§Iis calculated by weighting the yield associated \/

with each state of nature by the probability of occurrence of that

stete_efhnatyre, The yields are expressed in thohsand calories to

allow for the same unit across all crops.

Excerpts of the LP tableau for the farm model in the Center of the

Groundnut Basin (zone 1) are presented in Table I as an illustration of

the way these constraints operate. There is only one cereal grown for

home consumption, millet. There is only one row of negative yield

deviations for state of nature 1 since this state is worse than all

others for all crops and all modules. The negative yield deviations

are the largest in absolute value for that state.

In state of nature 1, the farmer will get only 581 thousand

calories of millet for food per hectare under module 1, i.e., 1,103

thousand calories below average for every unit of module 1 in the
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TABLE 21

EXCERPTS OF THE LP TABLEAU FOR THE FARM MODEL IN ZONE 1

CONCERNING MINIMUM CEREALS SELF-SUFFICIENCY CONSTRAINTS

 

 

 

          
 

Millet for Home Millet for Risk Sign RHS

Consumption Sale Transfer

(ha) (ha) Column

Mod. Mod. Mod. Mod. Mod. Mod.

1 2 3 1 2 3

Deviation

from the

mean yield

in state

of nature 1

(thousand

calories) -1103 —977 -727 581 465 349 1 2 0

Minimum

level of

cereals

self

sufficiency

(thousand

calories) 1684 1442 1076 -.429 2 4270

NB: 1) Mod. means technical module.

RHS means right hand side.

1684, 1442 and 1076 are the weighted mean yields.

581, 465 and 349 are the yields in the worst state of nature.

~1103, -977 and -727 are the negative deviations from the

weighted mean yields in the worst state of nature.
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solution. Similarly he will get only 465 and 349 thousands of

calories of millet for food per hectare under modules 2 and 3, i.e.,

977 and 727 thousand calories below the average yield for modules 2

and 3.

To make up for those downside deviations from the mean, the farmer

can substitute some millet he grew for sale initially, namely

581 thousand calories for module 1 or 465 thousand calories for

module 2 or 349 thousand calories for module 3. However, if the level

of ”millet for sale" activities is not enough to cover the downside

deviation, there is a risk penalty. This penalty is transferred

through the risk transfer column to the constraint on the minimum level

of cereals self-sufficiency where its effect is to increase the level

of production of food crops for home consumption.

The -.429 figure means that the farmer is assumed to want to be

insured that, even in the worst year, he will produce at least

, 42.9% of his average level of production of cereals, which is

constrained to be equal to 70% of his cereals needs (4,270). The

farmer is thus sure to cover at least 30% (42.9% * 70%) of his cereals

needs even in the worst year. It is assumed that the other 70% would

be covered through purchases of cereals using off-farm income,

transfers of food or money from better off members of the extended

Senegalese family, and food aid.

It is of course very difficult to get empirical data on the

percentages of cereals self-sufficiency desired by the farmer in an

average year and in the worst possible year. The method used was to

run the model with different values for these percentages to analyze
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the impact of different levels of producer risk aversion. The

percentages chosen initially were very high: 80 % in an average year

and 50 % in the worst year.

The result was an infeasible solution in most cases, i.e., the

objectives set in terms of cereals self-sufficiency were too

optimistic, given the uncertainty of the environment and the structure

of the farm (land size, technology available, and population size).

These percentages were then progressively diminished until the model

had a solution which was consistent in terms of acreage allocation to

the observed allocation to different crops and modules.

V The constraint on the level of cereals self-sufficiency is a

variation of the Minimization of Total Absolute Deviation,(MOTAD) model

developed by Hazell (1971). Assuming the farmer is risk-averse, the

MOTAD model looks for the production mix that minimizes the downside

risk of In."a;;;;£.3. variable (yield or income per acre) for a given

level of this variable. This minimization procedure is repeated for

different levels of the uncertain variable to estimate the trade-off

between the level and the risk of the uncertain variable (see Hazell et

al. 1986).

In our model, the constraint on the level of food self-sufficiency

offsets the risk of a downside deviation in food crop production by

increasing the level of food crop production above its optimal level

when risk is not considered. The risk penalty is represented by the

opportunity cost of the extra food production above the solution in

which risk is not considered.
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For each state of nature t in zone r,

2 2 (ngrt'

9 m

+ oevctr 2 o (5)

where:

Yhmrt ‘

Ahmr

CALh

osvctr:

Also:

2 2 Mngr Agmr CALg

g m

where:

"ngr

Agmr

Mngr) Agmr CAI-g + '2‘: : Yhmrt Ahmr CAI-h

Units: thousand calories

: Index for states of nature (t = 1,15);

: Index for cereals for sale;

: Yield of cereal for home-consumption g cultivated with

modUTE“m*by the typical farm in zone r when stateétoccurs;

: Meanyield of cereal for home consumption 9 cultivated with

module m by the typical farm in zone r;

: Area cultivated in cereal for home consumption 9 cultivated

‘With“module m‘by the typical farm in zone r;

: Thousand calories per kilo of cereal 9;

Yield of cereal fohzsalemh cultivated with module m'by the

typical farm in zone r when state of nature t occurs;

: Area cultivated in cereal for sale h cultivated with

module m by the typical farm in zone r;

: Thousand calories per kilo of cereal h;

Negative deviation from the mean yield expressed in calories

for the typical farm in zone r when state of nature t occurs

which is not compensated by a transfer of cereals grown for

sale to home consumption.

- WORSTr oevanxr z SNEEDr (6)

Units: thousand calories

: Mean yield of cereal for home consumption 9 cultivated

with module m by the typical farm in zone r;

: Area cultivated in cereal for home consumption 9

cultivated with module m by the typical farm in zone r;
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CALg : Thousand calories per kilo of cereal g;

WORSTr : Risk transfer coefficient from the worst state of nature

-_ row to the minimum self-sufficiency row in zone r;

DEVCMAXr': Lergest negative deviation from the mean yield expressed

in calories across all states of nature for the typical

farm in zone r which is not compensated by a transfer of

cereals grown for sale to home consumption;

SNEEDr : Quantity of calories corresponding to a desired level of

cereals self-sufficiency by the typical farm members in

zone r.

iii)WW

trees ehe eesh crops: The farm household wants to obtain a minimum

income from agricultural activities to cover part of its expenses. To

include this objective, additional rows are introduced in the LP

tableau in a way similar to that for the constraint on the level of

cereals self-sufficiency. These rows contain the deviations from the

mean income of each producing activity for the werst possible states of

nature. A bad year for one crop might mean an average year for

another, resulting in offsetting inter-crop income variations. The

Q‘-

“V..-

mean income is calculated by weighting the income associated with each

state of nature by the probability of occurrence of that state of

nature.

The yield is the uncertain variable for cash crops and rice, for

which there are fixed official prices. .Income per hectare is the

uncertain variable for all food crops grown for sale except rice, since

both the yield and the price of these crops fluctuate.

Excerpts of the LP tableau for the farm model in zone 1 are

presented in Table 2 as an illustration of the way these constraints
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TABLE 22

EXCERPTS OF THE LP TABLEAU FOR THE MODEL IN ZONE 1

CONCERNING MINIMUM INCOME CONSTRAINTS

 

Millet for sale Groundnut Risk Sign RHS

(ha) (ha) Transfer

column
 

Module Module Module Module Module Module

1 2 3 1 2 3

 

Deviation

from the

mean

income

(CFA F)

State I -18300 -16652 -12342 -65887 -60480 -56975 1

State 2 -18800 -17052 ~12642 -54751 -50552 -48299 1 I
V

I
V

0

Minimum

level

of income 40800 34652 25842 136492 123570 112055 -1

(CFA F)

I
V

100000            
NB: 1) RHS means right hand side.

2) The figures on the line for the minimum level of income are the

average weighted income for each hectare of module of the two crops

considered.

3) The figures on the line corresponding to state 1 are the negative

deviations from the mean income if that state of nature occurs.

The same is true for state 2.
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operate. There is only one cash crop, groundnuts, and one cereal grown

for sale, millet. Two rows are presented for each crop, containing the

deviations from the mean of groundnuts and millet for sale income in

states of nature 1 and 2. These states are the worst possible states

of nature from an income perspective. State 1 dominates state 2 for

cowpeas and groundnuts, but state 2 dominates state 1 for millet. So

both states have to be considered.

The downside deviations have an impact on the choice of income

earning activities through a risk transfer column. In the constraint

on the minimum level of producer’s income, the coefficient of the risk
WHO--

transfer row is -1, transferring the worst negative income deviation
—._.___‘__

-—.

into the minimum income row. The right hand side is set at the

estimated minimum income desired by the farmer in the worst year.

The issue of estimating this minimum income arises empirically as

in the case already mentioned for the percentages on the desired level

of self-sufficiency in an average year and in the worst year. Again,

the methodology used was to try different values to see the impact of \3

different levels of risk aversion on the model’s results. Initially, a

high figire was used; then, it was reduced to obtain a solution that

was feasible and consistent with the observed acreage, production and

income.

The food security constraint on the maximum level of income

variation represents another variant of the MOTAD model. Instead of

minimizing thedownside variation of the uncertain variable as does the

MOIAD_model, this model guarantees the farmer a minimum income in the

worst year. The fact that the objective function is to maximize net

T“.- _
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income explains why a minimum income constraint was set only in the

worst year and not on average. Therefore, the treatment was slightly

different between the minimum cereals self-sufficiency constraint and

the minimum income constraint.

For each state of nature t in zone r,

z 2 (Ykmrt Akmr Pkrt - MINCkmr) + DEVItr 2 0 (7)

k m Units: CFA Francs

where:

k : Index for products for sale;

Ykmrt : Yield of crop for sale k cultivated with module m by the

typicaT“farm in zone r when state of nature t occurs;

Akmr : Area cultivated in crop for sale k cultivated with module m

by the typical farm in zone r;

Pkrt : Price of product k in zone r when state of nature t occurs;

MINCkmr: Meaeminpemeeof growing one hectare of crop k cultivated with

module m for the typical farm in zone r;

DEVItr : Negative income deviation from the mean in state of nature t

for the typical farm in zone r.

Also:

2: z MINCkm. Akmr - DEVIMAXr 2 INEEDr (8)

k m Units: CFA Francs

where:

MINCkmr : Mean income of growing one hectare of crop k cultivated

with module m for the typical farm in zone r;

Akmr : Area cultivated in crop for sale k cultivated with module m

by the typical farm in zone r;

DEVIMAXr:'Largest negative income deviation from the mean across

all states of nature for the typical farm in zone r;

INEEDr : Minimum desired level of agricultural income for the
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typical farm in zone r in the worst state of nature.

iv)A eeestrrei nt en the hjhjmum levve! ef ”heme gerM05 meeelesz

The Senegalese household always plants a certain number of fields

around its village, called "home gardens” ("champs de case" in French),

with cereals for home consumption. Constraints are put on the minimum

and the maximum levels of land that can be cultivated with these

modules.

MINA4r S 2 Ag4r s MAXA4r (9) Units: hectares

9

where:

MINA4r. Minimum area cultivated in cereals for home consumption 9

cultivated with module 4 (home gardens) by the typical farm in

zone r;

Ag4r : Area cultivated in cereal for home consumption 9 cultivated

with module 4 by the typical farm in zone r;

MAXA4r : Maximum area cultivated in cereals for home consumption 9

cuTtivated with module 4 (home gardens) by the typical farm in

zone r.

tr i t n o n um ti n ha '

The quantity consumed by the farm household of different cereals

must stay within certain bounds.

For each cereal f consumed in zone r,

CONSMINfr s CONSfr s CONSMAXfr (10) Units: kilos

where:

CCNSnINfr: Minimum quantity of cereal f consumed annually by the

typical farm household in zone r;

CONSfr : Quantity of cereal f consumed annually by the typical

farm household in zone r;

CONSMAXfr: Maximum quantity of cereal f consumed annually by the
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typical farm household in zone r.

5.3 - ri ul 1 m d l

The agricultural sector model calculates the optimal pattern of

production, domestic and international trade, and consumption. This

model covers all the thirteen zones identified in Senegal, consisting

of eleven agricultural zones, one livestock grazing zone and one urban

zone. Agricultural zones are both producing and consuming zones. The

urban zone, the Cap Vert zone which includes the capital city Dakar, is

a consuming zone as well as the zone through which all imports and

exports pass, except for groundnut oil and meal which are also exported

from Lower Casamance.

5.3.1 - Aetjvjties

The agricultural sector model includes aggregate production

activities, processing, domestic and international trade, consumption

and price vector activities:

- Aggregete ehedeetieh aetivities: Given a vector of input and output

prices, each agricultural zone produces a combination of products

which is optimal from the producers’ standpoint. For each price

vector, there is a different optimal regional production pattern.

The optimal regional production (and input) levels are then

aggregated at the national level.

- Ereegssihg aetivities: The model includes the most impo.tant

processing activities of export products and food products in the

zones where such activities currently exist.

- 1hteheetiehel_treee_eet1y1t1e§: The model includes import activities
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for majorinputs and food products. It includes export activities

for major cash crops and food crops. All foreign trade goes through

the urban zone, but exports of groundnut products also pass through

Lower Casamance.

- Demeetie treee ectivities: Agricultural products, whether locally

produced or imported, can be transferred from one zone to another.

I I "up

teeeemet__e_eet_y_t1e§ The population in each zone consumes some

quantity of several cereals.

- :iee yeeteh eetjvitjes: Several price vectors are considered in the

model as mentioned earlier. Each price vector is considered a

separate activity.

5.3.2 - theetive fenctioh eeeffiejeets

The objective function to be minimized is the cost of meeting the

population’s cereal needs minus the value of exports. The coefficients

of the objective function are:

- Eer eggregete ereeuetion eetivjtjes, the cost of producing them,

equal to the sum over all products and all zones of the quantity

produced in each zone of each product multiplied by its price in the

relevant price vector;

- Fe: ereeessjeg ectjvitjes, the unit cost of processing, which can

vary as a function of the quantity processed due to economies of

scale. Therefore, a cost consistent with the quantity processed

determined ex post was chosen;

- Eer jhtehhetioeal treee eetivitjes, the CIF price for food imports

399.1he FOB price for exports of cash products and food crops. The

cost of imported inputs being already taken into account in the cost
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of regional product combinations, the coefficient for input import

activities in the objective function is zero;

- Ee: eemestic trade eetjvities, the transfer costs of products from

one zone to another;

- Fe: censumetion eetivities, zero coefficients;

- Fer eriee veeter eetivjtjes, zero coefficients.

The objective function in the national model is therefore:

Min 0 - 2 TCNATPROD NATPROD + 2 2 CP X
v vp P P v q q q

cost of producing cost of processed

primary products products

+ Z PWf IMPf - 2 PW] EXP‘I

f 1

cost of cereals value of exports of

imports agricultural products

+ 2 2 2 CTRANSivv, TRANSivv: (1)

l v v’

cost of transportation

of products Units: CFA Francs

where:

p : Price vector index;

j : Primary product index;

q : Processed product index;

I : Product index;

f : Cereal index;

r : Agricultural zone index (r . 1,11);

v : Zone index including agricultural zones and the capital

city area (zone 12);

TCNATPRODp: Total cost of producing the aggregate production activity
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associated with price vector p;

NATPRODp : Aggregate production activity associated with price

vector p;

Cqu : Unit cost of processing product q in zone v;

Xqv : Quantity of processed product q produced by zone v;

PWf : World price of cereal f;

IMPf : Quantity imported of cereal f;

PW] : World price of agricultural product 1;

EXP] : Quantity exported of agricultural product 1;

CTRANS1VVI: Cost of transportation of agricultural product 1 from

zone v to zone v’;

TRAN51va : Quantity of agricultural product I transported from

zone v to zone v’.

5.3.3 - tenstreints

The agricultural sector model includes separable programming,

accounting, food security, and consumption habits constraints.

Each zone must face the same price vector. This does not mean

that the prices are the same in all zones, but rather that they are

consistent with one another in the sense that the difference between

prices of a given good in two given zones only reflect transportation

costs and marketing margins between these zones.

To achieve this consistency, separable programming constraints are

added in the agricultural sector model. Excerpts of the LP tableau for

the agricultural sector model are presented in Table 3 as an

illustration of the way these constraints operate. Only three price

vectors are taken into consideration.

 



185

TABLE 23

EXCERPTS OF THE LP TABLEAU FOR THE AGRICULTURAL SECTOR MODEL

CONCERNING SEPARABLE PROGRAMMING CONSTRAINTS

 

Aggregate production

 

 

 

activities Price vectors Sign RHS

P1 P2 P3 P1 P2 P3

Separable

row 1 1 l s 1

Pl 1 - 1 - 0

P2 1 - 1 a 0

P3 1 - 1 - 0        
 

NB: RHS means right hand side.
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2 PVp S 1 (2)

p

where:

PVp : Price vector p

For each price vector p,

NATPRODp - PVp - O (3)

where:

NATPRODp: Aggregate production activity associated with price

vector p;

PVp : Price vector p.

- in ns r in

Demand must be equal to supply for inputs, primary products and

processed products:

101nm

The total quantity of input i required to produce the aggregate

production combination in the solution must be less than or equal to

the sum of the quantity supplied by the initial national endowment and

the quantity imported of that input.

For each input i for which this constraint applies (such as

fertilizers):

2 INPUTip NATPRODp s Ei + mp1 (4)

p Units: tons

where:

INPUTip : Quantity of input i required to produce the aggregate

production activity associated with price vector p;

NATPRODp: Aggregate production activity associated with price

vector p;

Ei : Initial national endowment in input i;
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IMPi : Quantity imported of input i.

ii) Primery products

For each agricultural zone r, the quantity of primary product j

consumed in zone r must be less than or equal to the quantity produced

in zone r plus the quantity transferred from other zones minus the

quantity transferred to other zones minus the quantity used for

processing in zone r.

For each agricultural zone r and primary product j:

NATPRODCONSJ'r S :3 Xjr p + 2 TRANSjvr - 5 TRANSer

p v

‘ g $qu xqr 15’

Units: tons

where:

CONSjr : Quantity of primary product j consumed in zone r;

X : Quantity of product j produced in zone r in the

aggregate production activity associated with price

vector p;

irp

NATPROD : Aggregate production activity associated with price

p vector p;

TRANSjvr: Quantity of agricultural product j transferred from

zone v to zone r;

TRANSer: Quantity of agricultural product j transferred from

zone r to zone v;

S: : Quantity of primary product j required Lo produce one
qu . ,

unit of processed product q 1n zone r,

er : Quantity of processed product q produced in zone r.

For the Cap Vert area (zone 12), the quantity of primary product j
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consumed must be less than or equal to the quantity imported plus the

quantity transferred from other zones minus the quantity exported minus

the quantity transferred to other zones minus the quantity used for

processing in zone 12.

For each primary product j:

- :3 qu12 quz (6) UTIItS: tons

where:

CONSjlz : Quantity of primary product j consumed in zone 12;

IMPj : Quantity imported of primary product j;

TRANSjrlz: Quantity of agricultural product j transported from

zone r to zone 12;

EXPj : Quantity exported of primary product j;

TRAN5j12r3 Quantity of agricultural product j transported from

zone 12 to zone r;

squz : Quantity of primary product j required to produce one unit

of processed product q in zone 12;

quZ : Quantity of processed product q produced in zone 12.

iii)W

For each agricultural zone r, the quantity of processed product q

consumed in zone r must be less than or equal to the quantity processed

in zone r plus the quantity transferred from other zones minus the

quantity transferred to other zones.

For each agricultural zone r and processed product q:

cons r .<_ x r + 2 TRANSqw - 2 TRANSqrv (7) Units: tons

q V V
q
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where:

CONSqr : Quantity of processed product q consumed in zone r;

er : Quantity of processed product q produced in zone r;

TRANqur: Quantity of processed product q transported from

zone v to zone r;

TRANSqu: Quantity of processed product q transported from

zone r to zone v.

For the Cap Vert area (zone 12), the quantity of processed product

q consumed must be less than or equal to the quantity imported plus the

quantity transferred from other zones minus the quantity transferred to

other zones.

For each processed product q:

cousqlz s IMP + 1: TRANSquz - EXP - fTRANSQIZr (a)
q 9

Units: tons

where:

CONSqlz : Quantity of processed product q consumed in zone 12;

IMPq : Quantity imported of processed product q;

TRANSquZ: Quantity of processed product q transported from

zone r to zone 12;

EXPq : Quantity exported of processed product q;

TRANSQIZr: Quantity of processed product q transported from

zone 12 to zone r.

- s t n tr nt

The agricultural sector model includes:

i) A hgtrjtiehel censtrejht. The quantity of calories obtained by

each zone through consumption of cereals must be above a nutritionally

satisfactory level. This level is net of calories coming from food
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products other than cereals such as as animal products or sugar

products.

For each zone v:

2 CONSfv CALf 2 NEEDSCv (9) Units: millions of calories

f

where:

CONSfv : Quantity of cereal f consumed in zone v;

CAlf : Millions of calories per ton of cereal f;

NEEDSCV: Caloric needs of the population in zone v.

ii) Ihe eeheels self-sefficieeey ehjeetive ef the eeljey-maker.

This objective can be modified to look at the cost of meeting cereals

 

needs under several levels of cereals self-sufficiency.

CALf 2 osa NEEDSC (10)222x mwmo
p f ”p p

r

Units: millions of calories

where:

xfrp : Quantity of cereal f produced in zone r in the

aggregate production activity associated with price

vector p;

NATPRODp: Aggregate production activity associated with price

vector p;

CALf : Millions of calories per ton of cereal f;

080 : Cereals self-sufficiency objective of the policy-makers

as a percentage of national cereals needs;

NEEDSC : National cereals needs.
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-E9.ed_cen§_vmp_ti_en_habit_s_censtuints

The quantity consumed by each zone of different cereals must stay

within certain bounds to reflect consumption habits. Separate food

habits were considered for urban and rural areas within each zone since

there are wide differences between the food habits in each area.

For each zone v:

CONSMINfv s CONSfv s CONSMAXfv (11) Units: thousands of tons

where:

CONSMINfv : Minimum quantity consumed of cereal f by the

population of zone v;

CONSfv : Quantity of cereal f consumed in zone v;

CONSMAXfv : Maximum quantity consumed of cereal f by the

population of zone v.

Now that we have presented the general structure of the

agricultural sector model, let us comment on certain specific

features. There are no processing capacity constraints in the model

because all processing activities considered were operating well below

capacity.

Although this agricultural sector model is not a macroeconomic

model by definition, it can provide insights on two important

macroeconomic performance indicators that the government would consider

in its evaluation of different food strategies: the foreign exchange

balance and the public budget. The model does not include a foreign

exchange constraint since it is reasonable to assume that the

Senegalese government will always import whatever food is needed to

meet food demand. This is a basic condition for political survival.
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However, the model includes a row which accounts for all uses and

sources of foreign exchange, so that the net foreign exchange balance

for agricultural inputs and outputs can be calculated. The impact of

alternative production and trade policies on another important

macroeconomic performance indicator, namely the public budget, can be

roughly estimated by looking at the extra cost paid for higher and

higher levels of cereals self-sufficiency. It is worth mentioning that

this extra cost could be shared between the state (in the form of

subsidies) and consumers (in the form of higher cereals consumer

prices). It is up to the government to decide on the consumers’ share

and its share.

To review this chapter, the stages of the modelling exercise were

outlined, including the construction of a set of empirical models, the

aggregation of agricultural supply at the zone level and at the

national level, the derivation of agricultural products supply curves,

the construction of an agricultural sector model, and finally the use

of experimental design techniques. Then the structures of the farm

models and of the agricultural sector model were described, leaking at

the activities, the objective function coefficients and the constraints

for each type of model. The results of this modelling exercise are

presented in the next chapter.



CHAPTER 6

ANALYSIS OF THE RESULTS OF THE EMPIRICAL MODELLING EXERCISE

The empirical modelling exercise presented in Chapter 5 provided a

number of insights on the issues of food security and comparative

advantage in Senegal, both at a micro level and at a macro level. This

chapter presents first some interesting microeconomic results coming

from the farm models. Then, the implications of three price policies

on several performance indicators are analyzed. Finally, some key

policy variables affecting food system performance are identified.

6.1 - Farm level ehelysis

The typical farm models provide insights on the possible rates of

cereals self-sufficiency (abbreviated thereafter as CSS) at the farm

level, the profitability of agriculture and the key binding constraints

in different zones of Senegal.

6.1.1 - l - ffi v

The farm models include a set of constraints on the levels of CSS

that must be met in an average year and in the worst possible year from

a climatic point of view. Initially set at very high levels, these

constraints could not be met and resulted in an infeasible solution.

193
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The target self-sufficiency levels were reduced until the models had a

solution that was feasible and that best fitted the observed farm data,

in particular data on crop acreage.

These levels are presented in Table 24 and provide insights on the

feasible rates of CSS for the typical farm in each region. The rates

are rather high in an average year (although only one zone achieves a

rate of 80%), but are much lower in a very bad rainfall year. For

rainfed cultivation zones, the rates are lower in the north (zones 2

and 5) than in the south (zones 6 to 11).

In the zones of irrigated perimeters in the Senegal River Basin,

there is a difference between the large perimeters of zone 3 and the

small perimeters of zone 4. In the large perimeters, individual plots

are big enough to meet a high level of self-sufficiency. On small

perimeters, the small size of the individual plots and the high

population density prevent the farm model from reaching high

self-sufficiency levels.

A situation similar to the case of the small perimeters can be

found in Lower Casamance (zone 9), which has a high ratio of persons

per hectare and a small farm size. In Middle and Upper Casamance

(zones 8 and 7), the farm size is larger than in Lower Casamance, but

the number of persons per farm remains high, which limits the possible

rate of C55.

The CSS rate in the Center of Eastern Senegal (zone 6) is higher

than in High and Middle Casamance because the share of the cultivated

area going to maize is higher in zone 6. In Middle and Upper

Casamance, the upland cultivated area, where maize can be grown, is
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TABLE 24

FARM SIZE AND CEREALS SELF-SUFFICIENCY RATES FOR THE TYPICAL FARMS

0F SENEGAL IN AVERAGE AND WORST RAINFALL YEARS

 

  

 

     

Farm size Ratio Cereals self-

Zone Zone name of sufficiency rate

number persons (%)

per

hectare Average Worst

Ha Person year year

W

1 Center of the

Groundnut Basin 6.5 9.5 1.5 70 30

2 North of the

Groundnut Basin 8 9.5 1.2 60 20

10 Southwest of the

Groundnut Basin 7 9 1.3 75 40

11 Southeast of the

Groundnut Basin 8.5 9.7 1.1 80 50

W

Casamance

6 Center of Eastern

Senegal 4.5 9 2 75 40

7 Upper Casamance 4.5 9 2 65 25

(a)

8 Middle Casamance 4.5 9 2 65 25

(a)

9 Lower Casamance 2.2 7.8 3 5 60 20

(b)     
NB: ha means hectare.

(a) 3.9 ha of upland cultivation and 0.6 ha of lowland cultivation.'

(b) 1.48 ha of upland cultivation, 0.26 ha of lowland cultivation and

0.46 ha of transplanted rice.
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TABLE 24 (CONT’D.)

 

  

 

       

Farm size Ratio Cereals self-

Zone Zone name of sufficiency rate

number persons (%)

per

hectare Average Worst

Ha Person year year

n v r in

3 Large irrigated

perimeters of the

Lower Senegal

River Basin 2 8.5 4.3 80 50

4 Middle Valley of the

Senegal River 1.3 8.5 6.5 50 30

(C)

5 Upper Valley of the

Senegal River and

North Eastern Senegal 4.65 8.5 1.8 60 20

(d)
 

NB: ha means hectare

(c) 0.3 ha of irrigated perimeter and 1 ha of flood recession

cultivation (oeelo).

(d) 0.15 ha of irrigated perimeter and 4.5 ha of rainfed cultivation

(012d) -

Source: Farm models built by the author.
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less important because farmers also cultivate rice in the lowlands.

Since rice has a slightly lower caloric content than maize

(respectively 2420 and 3170 calories per kilo (Keita 1987)), it is more

difficult to reach a high level of self-sufficiency expressed in

calories in zones 8 and 7 than in zone 6.

The highest rates of CSS for rainfed cultivation are those of the

South of the Groundnut Basin (zones 10 and 11) where farms tend to be

larger and less populated, especially in the eastern part.

6.1.2 - Profitability et the farm level
 

The ranking of the zones according to the farm models’ net

marginl per hectare is presented in Table 25. Since the farm models

were built using the crop budgets mentioned in Chapter 4 as a data

base, it is logical that this ranking should be consistent with the

national ranking of crops according to the net margin presented at the

end of Chapter 4. However, the two rankings are slightly different

because the model’s ranking takes into account factors other than just

profitability.

Irrigated rice and irrigated tomato arrived'at the top of the crop

profitability ranking. In the model’s ranking, the large irrigated

perimeters (zone 3) come first by far. However, the margins for the

small perimeters of the Middle and the Upper Valley (zones 4 and 5) are

 

1The net margin is equal to gross revenue minus expenses for

purchased inputs. Since the objective function of the farm model is

the net margin minus the value of cereal purchases, the net margin is

calculated by adding the value of cereal purchases to the objective

function value in the solution.
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TABLE 25

RANKING OF THE ZONES IN SENEGAL ACCORDING TO THE NET MARGIN

PER HECTARE FOR THEIR TYPICAL FARM

 

 

Rank Zone Zone name Model’s net margin

number per hectare

(FCFA)

1 3 Large irrigated 144,400

perimeters of the

Lower Senegal

River Basin

2 10 Southwest of the 53,205

Groundnut Basin

3 11 Southeast of the 51,928

Groundnut Basin

4 9 Lower Casamance 50,076

5 5 Upper Valley of the 47,790

Senegal River and

North Eastern Senegal

6 6 Center of Eastern 43,216

Senegal

7 1 Center of the 26,326

Groundnut Basin

8 7 Upper Casamance 19,921

9 8 Middle Casamance 18,034

10 2 North of the 4,684

Groundnut Basin

11 4 Middle Valley of the - 13,372

Senegal River     
 

Source: Farm models built by the author.
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much smaller.

The reason for this different performance is the irrigated land

constraint in zones 4 and 5. The individual plots on the small

perimeters are too small to generate enough cereals to cover all the

family’s needs, or enough income to be able to purchase the missing

food. This is particularly the case for zone 4 which ranks last with a

negative net margin. Zone 5 ranks better than zone 4 because it can

grow some rainfed crops along with the plot on the small irrigated

perimeter.

Groundnuts were the most profitable rainfed crop in the national

crop ranking. The regions that grow a lot of groundnuts are highly

ranked in the models’ margin ranking. The Southwest, the Southeast and

the Center of the Groundnut Basin are ranked respectively second, third

and seventh out of eleven zones.

The only part of the Groundnut Basin that ranks poorly (tenth) is

the North of the Groundnut Basin (zone 2). This results mainly from

harsh climatic conditions that reduce the yields.

Cotton was the least profitable crop in the national crop

ranking. In the initial run, the solutions of the models for Eastern

Senegal, Upper and Middle Casamance (zones 6, 7 and 8) did not include

any cotton. As mentioned in Chapter 4, cotton is grown not because it

is profitable, but because it is one way for farmers to get access to

credit and fertilizers supplied by the parastatal SODEFITEX. To take

this factor into account, a minimum cotton acreage was added to force

some cotton in the solution. This results into lower net margins and

rankings. Zones 6, 7 and 8 are ranked sixth, eight and ninth.
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6.1.3 - hest bindihg eonsthejnts

The most binding constraints in each zone were identified by

comparing the shadow price of each resource in the dual solution to the

unit cost of the resource considered. These constraints are presented

in Table 26. Overall, the land constraint is binding in all models,

which is typical for LP farm models. However, it is interesting to

note that this constraint is most binding for irrigated land in the

Senegal River Basin and for lowland in Casamance. An increase in the

size of the irrigated plots would greatly increase profitability.

The best example is in the small perimeters of the Middle Valley

of the Senegal River (zone 4). A run was made for the typical farm in

this zone with an increase from 0.3 to 1 hectare of irrigated land.

The improvement in the farmer’s situation was impressive:

- All cereal needs were covered by a mix of production and purchases

while only 70% of those needs could be covered before;

- The cereals self-sufficiency level increased from 50% in an average

year and 30% in the worst year to 60% and 40% respectively;

- The net margin went from a negative CFAF -17,800 to a positive

CFAF 149,000.

The other region where land is a major constraint is Casamance.

In that region, upland is not really binding, but lowland is a scarce

resource, limiting the area that the farmer can plant in lowland and

‘transplanted rice. Unfortunately, the lowland area cannot be expanded

'like the irrigated land area in the Senegal River Basin since it is

inainly the result of climatic factors.

Capital is a scarce resource in most zones. The major exception
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TABLE 26

MOST BINDING CONSTRAINTS IN THE TYPICAL FARM MODELS

IN ALL THE ZONES 0F SENEGAL

 

 

 

Zone Zone name Most binding constraints

number in the farm models

292mm

1 Center of the Land

Groundnut Basin Capital

2 North of the Labor period for cowpeas

Groundnut Basin harvest

10 Southwest and Land

11 Southeast of the Labor period for weeding and

Groundnut Basin thinning

r ne a n

Casamame

6 Center of Eastern Land

Senegal Labor period for seeding,

ploughing, first weeding

and fertilizer spreading

Capital

7 Upper Casamance Lowland

Labor period for seeding,

ploughing, first weeding

and fertilizer spreading

Capital

8 Middle Casamance Lowland

Male and female labor periods

for the first two months

of the rainy season

Capital

9 Lower Casamance Land for transplanted rice

  and lowland

Labor period for seeding,

ploughing, first weeding

and fertilizer spreading

Capital
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TABLE 26 (CONT’D.)

 

Zone Zone name Most binding constraints

number in the farm models

 

3 Large irrigated - Irrigated land

perimeters of the - Double cropping possibility

Lower Senegal - Labor periods for rice harvest

River Basin during the rainy season

4 Middle Valley of the - Irrigated land

Senegal River - Double cropping possibility

5 Upper Valley of the - Irrigated land

Senegal River and - Double cropping possibility  North Eastern Senegal    
 

NB: The most binding constraints in each zone were identified by

comparing the shadow price of each resource in the dual solution

to the unit cost of the resource considered.

Source: Farm models built by the author.
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is the Senegal River Basin where relatively cheap public credit is

available from SAED. The national public credit and input supply

system broke down in 1980 and was suppressed at that time. Since that

time, the capital constraint has become very binding, which limits the

adoption of intensive technical modules.

Labor is a constraint in a number of models at critical periods

which vary depending on the zone and the crop. The cowpea harvest time

in the North of the Groundnut Basin, the rice harvest in the Lower

Senegal Valley, the start of the cropping season in Eastern Senegal and

in Casamance, the weeding and thinning period in the South of the

Groundnut Basin are periods when labor bottlenecks occur and force the

farmer to hire labor if profitable.

6.2 - l f n r

One major use of the empirical model was to simulate the probable

impact of several levels of increases in the cereals producer prices in

Senegal. This price policy could be a major component of a strategy

aiming at increasing the level of C55. The modelling exercise provides

insights on the implications of this price policy on several

performance indicators, in particular:

The level of C88;

The production of major crops;

The level of technology used and the quantity of inputs used;

The cost of meeting population food needs minus the value of exports;

The state budget;

The trade balance.
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6.2.1 - Implications for the eeheels self-sufficiency [ete

Output in the model does not seem to respond significantly to an

increase in the prices of all cereals. When the farm models are run to

simulate the cereal price increases, even if the cereals prices

increase 100%, the CSS rate increases only 8.3 percentage points, going

from 47.3% to 55.6% (see Table 27).

When optimistic assumptions are made about the creation of new

irrigated perimeters and the development of double cropping until the

year 20001, the CSS rate with present prices increases 10.2

percentage points, reaching 57.5%.2 When marginal rainfed land is

included in the farm models and a 40% increase in cereal prices is

considered, the CSS rate increases 6.4 percentage points compared to

5.9 percentage points for just a 40% price increase (with no marginal

land). When both optimistic assumptions about expansion of irrigated

agriculture and marginal land are included, the CSS rate increases 17.1

percentage points with a 40% cereals price increase, reaching 64.4%.

Whatever the assumptions made, the resulting CSS rate comes far

Short of the 80% target level of the Senegalese government. However,

it is possible that the methodology used results in an underestimate of

 

1It is assumed that irrigated areas increase 10% per year in zone 3,

20% in zone 4 and 30% in zone 5. This represents an overall annual

increase of 4120 hectares. The double cropping coefficient goes from

1.1 to 1.5. Flood recession cultivation disappears as a result of the

completion of the Manantali dam.

2The CSS rate is calculated on the basis of the cereals needs of the

present population. In the case when irrigated land available in 2000

is included, this results in a higher CSS than would occur in reality

since the Senegalese population, and thus cereal needs, would increase

from 1986 to 2000.
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TABLE 27

LEVELS OF CEREALS SELF-SUFFICIENCY IN SENEGAL ACCORDING TO

SEVERAL LEVELS OF INCREASES IN THE PRICES OF ALL CEREALS

AND ASSUMPTIONS ABOUT LAND USE

 

Assumptions about cereal Production Cereals self

prices and land use of cereals suff ciency

(billion rate (%)

calories)1

 

- Present cultivated area

. Present prices 1,503 47.3

. 20% increase in cereal prices 1,519 47.8

. 40% increase in cereal prices 1,693 53.2

. 60% increase in cereal prices 1,752 55.1

. 80% increase in cereal prices 1,767 55.6

. 100% increase in cereal prices 1,767 55.6

- Present cultivated area plus

irrigated land available in 2000

. Present prices 1,828 57.5

- Present cultivated area

plus marginal rainfed land

. 40% increase in cereal prices 1,708 53.7

- Present cultivated area plus

marginal rainfed land plus

irrigated land available in 2000    . 40% increase in cereal prices 2,048 64.4

 

1This is net production which is equal to the gross production

multiplied by a coefficient that takes into ac-ount storage losses, seed

stock reconstitution, and milling into consumable products.

2The cereals self-sufficiency rate is calculated on the basis of the

cereals needs of the present population.

Source: Supply curves derived by the author.
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the price elasticity of cereals supply. This underestimation could

come from the use of survey data that cover only the existing

technological relationships. However, the data base used to build the

farm models included not only existing technical modules, but also more

intensive ones. Intensive techniques are currently little used if at

all, but could become attractive with higher cereal prices.

A more relevant source of underestimation of the price elasticity

of the cereals supply response is the possibility of factor market

adjustments following the changes in relative product prices. In

particular, an increase in the profitability of growing cereals could

potentially trigger a labor migration from urban to rural areas. This

would increase labor supply, remove some labor bottlenecks and make the

adoption of more labor-intensive technical modules possible.

It is very difficult to come up with reasonable assumptions on the

importance of the adjustment on the labor market and its effect on

agricultural farm labor supply and choice of technical modules in the

different zones. However, let us point out that the migration to the

countryside would occur only if there were a significant financial

incentive to leave the urban area. In that respect, the current

structure of the farm model considers indirectly that possibility since

it is possible to hire labor in different periods at the estimated

agricultural day wages. These wages are considered to be the minimum

that the urban labor would ask to go back to work in agriculture. The

farm model can hire extra labor, once family labor is completely used,

if it is profitable to do so.

Another possible source of underestimation of the price elasticity
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is an underestimation of the amount of marginal land that would be

cultivated with a cereals price increase. First, there is the

technical issue of estimating the amount of cultivable marginal land.

Authoritiesl generally agree that the amount available in the

Groundnut Basin is very limited, except in the Southeast. In the past,

there have been various opinions regarding the potential in Eastern

Senegal and Casamance. Right now, most agronomists and soil scientists

think there is a potential for expansion of cultivated areas, but not

as big as envisioned initially by some studies.2 The figures used in

this research were calculated on the basis of the National Land

1 of 1984 which presented a disaggregated analysis ofManagement Plan

this issue (see Table 28).

Even if marginal rainfed land is available, several factors may

impede its cultivation. To start with, farmers usually cultivate the

most fertile land, which implies that the non-cultivated areas are less

fertile. The assumption made in the farm models is that the yield on

marginal land is 50% of the yield on "regular" land for a given

technical module. This makes cultivation of marginal land much less

financially attractive.

Also farmers tend to cultivate the area around their village.

Thus, uncultivated land is farther away and cultivating it would imply

more transport time. It would also be harder to watch for birds or

animals and the farmer would be less prone to adopting high levels

 

1Secretariat d’Etat Chargé de la Décentralisation (1984).

2See ABT Associates (1984).
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TABLE 28

ESTIMATION OF THE POTENTIAL FOR AN INCREASE IN THE CULTIVATED AREA

BY ZONE 0F RAINFED CULTIVATION IN SENEGAL

(percentage of presently cultivated areas)

 

Zone Zone name Land increase

number potential

 

Groundnut Besin

1 Center of the Groundnut Basin 5

2 North of the Groundnut Basin 5

10 Southwest of the Groundnut Basin 5

11 Southeast of the Groundnut Basin 15

t r l n n

5 Upper Senegal River Valley and

North of Eastern Senegal 15

6 Center of Eastern Senegal 30

7 Upper Casamance 30

8 Middle Casamance 30

9 Lower Casamance 5    
 

Source: The land increase potential was calculated on the basis of

the estimations of the National Land Management Plan (see

Secrétariat d’Etat Charge de la Décentralisation 1984, p.

149 and p. 230).



209

of intensification on this land.1

Finally, labor or capital constraints might prevent the

cultivation of marginal land. This is the case for the farm model of

the Middle Casamance where only part of the marginal land available was

put into cultivation because of labor constraints. It is therefore

reasonable to think that the increase in cultivated land resulting from

a cereals price increase would be limited.

Overall, the research results constitute strong evidence that the

.r - . . i ' of T -. o-l i . h- . , -1-- l and that

- ..v r m- ’ ub'- - of :1; - I‘ -. 000 ..

eetimistte. Two main reasons can explain this result. First,

groundnuts are far more profitable than millet/sorghum, even with

substantial increases in the price of that cereal. Second, the

expansion of rice cultivation is strongly limited by a land constraint,

both for irrigated land in the Senegal River Basin and for lowland in

the Casamance.

6.2.2 - m l' i n f r r i m 'o r

A general cereal prices increase results in changes in the

production of major crops (see Table 29). The most striking change is

that most of the increase in cereal production comes from an increase

in maize production. When prices increase 40%, millet/sorghum and rice

production increase only 0.2% while maize production increases 101%.

Maize production goes up from 58,680 tons to 117,840 tons. When prices

increase 80%, rice production goes up 0.2%, millet/sorghum 0.8% and

 

1Interview with ISRA/BAME researchers.
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TABLE 29

PRODUCTION OF THE MAJOR CROPS IN SENEGAL ACCORDING TO

SEVERAL LEVELS OF CEREALS PRICE INCREASES

 

 

 

    

(in tons)

Productionl

Product 40% % 80% %

Present price change price change

prices increase increase

Millet/sorghum 362,370 362,991 0.2 365,261 0.8

Maize 58,680 117,841 101 138,788 137

Rice 72,720 72,884 0.2 72,864 0.2

Groundnuts 518,850 431,344 -16 389,271 -24

Cotton 13,166 13,166 0 13,166 0

Cowpeas 14,970 14,970 0 14,970 0

 

lFor cereals, this is net production equal to gross production

multiplied by a coefficient that takes into account storage losses,

seed stock reconstitution and milling into consumable products. For

the other crops, this is gross production.

Source: Supply curves derived by the author.
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maize 137%. The share of maize in cereal production measured in

billion calories rises from 12% with present prices to 22% with a 40%

price increase, and to 25% with an 80% cereal price increase.

Conversely, groundnut production goes down 16% with a 40% cereal price

increase and 24% with an 80% price increase.

The maize supply response might be overestimated somewhat because

certain agronomic factors playing against maize could not easily be

included in the model. In particular, maize is more subject to bird

and animal attacks than other cereals, which might make the farmer

expand his maize production less than he would have done in the absence

of these potential attacks. This is particularly an issue in Casamance

because of the presence of monkeys and wart-hogs (Goetz 1988).

Moreover, some fertilization is required to obtain adequate maize

yields. Presently, maize is mainly grown in home gardens which receive

manure. However, the expansion of maize production would occur on

regular fields which tend to be poor in nutrients. Fertilizers would

be required to provide the necessary nutrients. Therefore, the

expansion of maize production depends partly on the availability of

fertilizers at the farm level on a wide scale (Goetz 1988 and Ndiame

1987). The farm models assume an infinitely elastic supply of inputs,

which ignores the possibility of a supply constraint in the input

marketing system. However, the implications for the aggregate quantity

of inputs used were considered and the increase in inputs quantities

required was found realistic (see part 6.2.3).

Cowpeas compete only with one cereal which is not very

competitive, millet/sorghum, so cowpea production remains the same in
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spite of the increase in the price of millet/sorghum. Cotton

production also remains at the same level, but this is meaningless

since it is forced into the solution. As we already pointed out,

cotton is not a profitable crop with present prices; this will not

change with an increase in cereal prices.

The major implication of these changes in the production of

different crops is that maize would replace groundnuts to a certain

extent. This situation would potentially create a maize surplus

problem because maize is not a major part of the diet of the Senegalese

population, which eats mainly rice in the cities and millet/sorghum in

the countryside. Assuming present food habits would not change, the

present maize deficit of 29,430 tons would change to a surplus of

29,730 tons with a 40% cereal prices increase and to a surplus of

50,680 tons with an 80% price increase.1

In the long run, one might expect food habits to change in favor

of maize. The agricultural sector model was used to calculate the

required increase in maize consumption necessary to avoid a surplus.

With a 40% price increase, maize consumption would have to increase

25%, and with an 80% price increase, 65%. A 25% increase in maize

consumption seems reasonable, but a 65% increase does not seem

attainable in the near future.

When marginal land is considered, the changes in the pattern of

 

1Assuming an industrial use of maize of 15,000 tons, which are mainly

imported so far.
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production are minimal compared to a case where marginal land is

excluded (see Table 30). Most of the marginal land goes to

millet/sorghum. This might seem a paradox, but groundnut production

does increase going from the scenario with just a 40% cereal price

increase to the scenario with a 40% price increase plus marginal land.

What is happening is that millet/sorghum grown on marginal land can

help satisfy some cereal needs, so that less millet/sorghum is grown on

"regular" land for food consumption. The "regular” land area made

available this way goes to the most profitable crop, in this case

groundnuts.

When optimistic assumptions are made about the development of

irrigated agriculture in the Senegal River Basin until the year 20001

apart from marginal rainfed land, rice production increases

substantially, going from 72,720 to 218,379 tons, i.e., a 200% increase

(see Table 30). However, the relatively low share of rice in cereal

production and a slightly lower caloric content of rice explain that

the total increase in the CSS rate is only about 17 percentage points

(see Table 27).

6.2.3 - lmplieetions for the level of teehnelegy end the euantity

of inpets esed

 

In general, the increase in cereals prices results in an increase

in the share of the cultivated area planted to high intensity technical

modules. In zones where maize is grown, the intensification effect is

combined with the substitution effect from groundnuts to maize. Maize

 

1See footnote 1 at the bottom of page 204.
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TABLE 30

PRODUCTION OF THE MAJOR CROPS IN SENEGAL WITH A 40% INCREASE IN THE LEVEL

OF CEREALS PRICES AND SEVERAL ASSUMPTIONS ABOUT LAND USE

 

 

 

(in tons)

Production1

40% % 40% % 40% %

Product price change price change price change

increase versus increase versus increase versus

product. + product. + product.

under Marginal under Marginal under

current land current land current

prices prices + prices

Irrigated

land in

2000

Millet/sorghum 362,991 0.2 373,103 3 370,314 2

Maize 117,841 101 111,270 90 111,270 90

Rice 72,884 0.2 74,387 2 218,379 200

Groundnuts 431,344 -16 453,608 -12 453,413 -12

Cotton 13,166 0 13,166 0 13,166 0

Cowpeas 14,970 0 14,873 -1 14,873 -1      
NB: Produc. means production.

1For cereals, this is the net production equal to gross production

multiplied by a coefficient that takes into account storage losses, seed

stock reconstitution and milling into consumable products. For the other

crops, this is gross production.

Source: Supply curves derived by the author.
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is mainly grown in module 2 while groundnuts, millet/sorghum and rice

are grown mainly in modules 3, 5 and a little bit of module 1.

Therefore, the cereals price increase results in a large increase of

module 2 and small decreases in module 1, 3 and 5.

In zones where maize is not grown, there is either no change in

the solution (zones 1 and 10) or an increase in intensification

(zone 2). In irrigated areas where two levels of intensification are

distinguished, the models switch to the more intensive modules.

When marginal land is taken into account, the models use technical

modules corresponding to low levels of intensification on that extra

land. This seems logical since the farmer is not likely to invest his

scarce capital on far away and low-yielding marginal land.

The changes in the quantities of inputs used reflect the changes

in the production of the major crops and in the level of production

intensification. When the prices of all cereals increase 80%, the

amount of NPK fertilizer used goes up 237% for maize (14-7-7), up 30%

for rice and irrigated crops (18-46-0), up 1% for millet/sorghum

(14-7-7), but down 97% for groundnuts (6-10-20). It does not change for

cotton (6-14-35). Overall, the amount of NPK used increases 4% from

44,900 tons to 46,900 tons. The amount of urea goes up 45% from 21,970

tons to 31,820 tons. The amount of groundnut seed used goes down 17%.

When optimistic assumptions for irrigated cultivation development

are adopted, the amount of NPK fertilizer used goes up 27% for rice and

irrigated crops (18-46-0) and the amount of urea 42%. Other inputs are

not affected.

When marginal land is taken into account with a 40% cereals price
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increase, there is not much change in inputs used for cereals compared

to the effect of a 40% price increase alone since low intensity

technical modules are used on marginal land. However, as noted above,

groundnut production increases a little and so do the amounts of inputs

used for groundnuts. NPK fertilizer for groundnuts (6-20-10) goes up

34% and groundnut seed 3%.

6.2-4 -W

The cost implications of alternative levels of food self-

sufficiency can be estimated in two ways. First, there is the social

cost of meeting a given level of CSS valuing all resources at their

shadow prices. The value of the objective function in the agricultural

sector model, which is defined as the cost of meeting the population’s

cereal needs less the value of exports, provides one estimate of this

cost. This value increases 20% with a 40% cereal price increase and

39% with an 80% price increase (see Table 31).

Second, there is the cost for the public budget. It is hard to

evaluate precisely the impact of different levels of CSS on the state

budget because the higher producer prices can be paid either by the

consumers in the form of higher consumer prices or by the state in the

form of producer or consumer subsidies. Given the low standard of

living of many consumers, it makes sense to assume that the state would

pay for the extra costs of higher levels of self-sufficiency. The

state would have to pay a subsidy only for the marketed production to

guarantee the producer the higher cereal prices. This subsidy or extra

cost is estimated 1) by multiplying the marketed production for each

crop at the farm level by its price 2) by aggregating across all
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TABLE 31

ESTIMATION OF THE COST IMPLICATIONS OF ALTERNATIVE LEVELS OF

CEREALS SELF-SUFFICIENCY IN SENEGAL

 

Present 40% 80%

prices price price

increase increase

 

1 - Level of cereals self-sufficiency

(%) 47.3 53.2 55.6

2 - Increase in the cereals self-

sufficiency in percentage points 5,9 3.3

3 - Cost of meeting population food

needs minus the value of exports

(million CFAF) 125,500 150,230 174,862

4 - Increase in the cost of meeting

population food needs minus the

value of exports in % 20 39

5 - Extra cost for the state

(million CFAF) 6,261 15,112

6 - Extra cost as % of the state

deficit in 1983 11 27      
Source: Agricultural sector model results.
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farms, crops and zones to get the marketed production cost and 3) by

subtracting the marketed production cost at a given price level, e.g.,

the present price level, from the marketed production cost at a higher

price level, e.g., a 40% cereal price increase. The extra cost is

estimated at 6.3 billion CFAF with a 40% price increase, which would

increase the CSS rate by 5.9 percentage points above the present

level. It is estimated at 15.1 billion CFAF with an 80% price

increase, which would increase the CSS rate by 8.3 percentage points

(see Table 31). These subsidies amount to 11% and 27% respectively of

the state deficit in 1983.

Apart from these price subsidies, a major burden on the public

budget is the cost of developing irrigated agriculture in the Senegal

River Basin. Given the different supply responses mentioned earlier in

this chapter, this public investment appears to be the only way of

really increasing the CSS rate in Senegal. However, the cost of such a

scheme was estimated in Chapter 3 at 57 billion CFAF, i.e., a little

more than the total public deficit of 1983.

6.2.5 - Implications fer the agpjeeltghel theee helehee

An agricultural trade balance is calculated in the agricultural

sector model through an inventory row that tracks the uses and sources

of foreign exchange. Uses of foreign exchange include agricultural

equipment and crop protection products, fertilizers, interregional

product transfers and cereal imports. The source of foreign exchange

is cash crop exports. Table 32 shows the importance of each of them

with three levels of cereals prices. The figures presented are rough

approximations since obtaining precise figures would require a separate
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TABLE 32

AGRICULTURAL TRADE BALANCE FOR SENEGAL ACCORDING TO

SEVERAL LEVELS OF CEREALS PRICE INCREASES

(in millions of CFA Francs)

 

 

    

Foreign exchange Present % of 40% % of 80% % of

uses and sources prices total price total price total

use increase use increase use

- Uses

Agricultural

equipment and crop

protection products 2,200 4.6 1,850 4.1 1,700. 3.9

Fertilizers

. Imports of basic

chemicals 1,964 4.1 2,417 5.3 2,511 5.8

. Processing cost 719 1.5 764 1.7 750 1.7

. Total 2,683 5.6 3,182 7.0 3,262 7.5

Interregional

product transfers

. Cereals 1,261 2.6 1,396 3.1 1,345 3.1

. Cash crops 2,152 4.5 1,817 4.0 1,691 3.9

. Total 3,414 7.1 3,213 7.0 3,035 7.0

Processing

. Cereals 4,190 8.7 4,132 9.1 4,039 9.3

. Cash crops 6,456 13. 5,409 11.9 4,881 11.2

. Total 10,646 22.1 9,541 20.9 8,921 20.5

Cereal imports

. Sorghum 2,621 5.4 2,262 5.0 2,178 5.0

. Maize 717 1.5 0 0.0 0 0.0

. Rice 20,384 42.3 20,157 44.2 19,210 44.0

. Wheat 5,503 11.4 5,427 11.9 5,305 12.2

. Total 29,225 60.7 27,846 61.0 26,693 61.2

Total uses 48,167 100.0 45,632 100.0 43,611 100.0
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TABLE 32 (CONT’D.)

 

Foreign exchange Present % of 40% % of 80% % of

uses and sources prices total price total price total

use increase use increase use

 

2 - Sources

- Cash crop exports

. Groundnut products 17,944 97.5 15,033 97.0 13,567 96.7

. Cotton 459 2.5 459 3.0 459 3.3

. Total 18,403 100.0 15,492 100.0 14,026 100.0

3 - Deficit 29,764 30,139 29,585     
 

Source: Agricultural sector model results.
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study.

The most striking observation is that the overall agricultural

trade deficit does not seem to change much when cereal prices are

increased. This results from several counterbalancing effects. When

cereal prices increase, groundnut production and exports fall, reducing

sources of foreign exchange. Fertilizer use increases slightly,

increasing uses of foreign exchange.

However, the use of foreign exchange for agricultural equipment

and crop protection products goes down slightly. This results from the

reduction in groundnut production which is the most mechanized among

the rainfed crops and which uses fungicides for seed storage. Another

result of the reduction in groundnut production is the reduced quantity

of this product which is transported and processed.' Cereal processing

costs decrease very slightly as a result of a smaller industrial wheat

processing activity, which uses imported equipment. Most locally

produced cereals are processed manually, without any foreign exchange

cost.

Finally, cereal imports go down since domestic production goes

up. The figures presented in Table 32 are taken from the results of

the agricultural sector models run to see how much maize consumption

had to increase in order to have a zero surplus when cereals prices are

increased. This explains why there are no imports of maize with a 40%

or an 80% cereal price increase.

6.3 - Analysis of other price policies
 

Two other price policies were considered. The first one would

involve raising rice and wheat consumer prices and the producer price
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for rice. The second one would consist of moving towards economic

prices or border prices.

6.3.1 - Anelysjs of e peliey heisjng ehly rise ehe wheet prises

This price policy is currently discussed following one

recommendation of the CILSS-Club du Sahel conference in 1986 at Mindelo

arguing in favor of the creation of a regional protected agricultural

market in West Africa (CILSS-Club du Sahel 1987, Gabas et al. 1987).

Only the prices of cereals which are not produced (wheat) or still not

very much produced (rice) would be increased. Consumer prices for

those cereals would be raised to favor the consumption of

millet/sorghum and maize. The producer price of rice would be

increased as well to promote the local production of that cereal and

the substitution of local production for imports.

The methodology used in this research is ill-equipped to handle

changes on the demand side. However, it can offer insights on the

probable supply response to an increase in the producer price of rice.

The assumption made was a 50% increase in the price of rice. The

supply response was minimal. The CSS rate increased only by 0.6

percentage point. The other performance variables considered were

affected to a similarly slight degree.

The major reason for the absence of response to an increase in the

price of rice is the land constraint. Irrigated perimeters already

produce mainly rice and the only real solution to expanding rice

production is to expand the irrigated area. The area available for

lowland rice and transplanted rice in Casamance is constrained by

climatic factors. As mentioned in Chapter 4, several years of relative
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drought have lowered the water table and increased the salt content of

many lowland areas. Upland rainfed rice is not the most profitable

upland crop, even after the increase in the price of rice. Moreover,

upland rice is a very risky crop.

The other component of this price policy involves raising the

consumer prices of rice and wheat to favor the consumption of millet

/sorghum and maize. The state would benefit from higher consumer

prices. In 1986, the state earned 21 billion CFAF in revenues from

taxes on the consumer price of rice.

However, the impact on income distribution could be harmful. An

increase in the consumer price of wheat would hurt mainly well-off

urban residents, who can afford to pay a higher price for this luxury

good. But an increase in the consumer price of rice would reduce the

real income of poor consumers, whose diet involves mainly rice.

Consumers in Senegal are already paying a significant tax on rice. The

CIF price of rice in Dakar varies roughly between CFAF 55 and 100 per

kilo while the consumer price in Dakar is currently CFAF 160 per kilo.

Raising consumer and producer prices 35% or 40% above the import

parity price can be justified by the overvaluation of the CFA Franc of

the same magnitude. However, raising prices above that level penalizes

consumers and might cause an inefficient allocation of resources.

Overall, the effects of such a price policy could be minimal on

the supply, but, at first glance, could strongly affect the demand side

and the real income of consumers, especially that of the poor urban

consumers .
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6.3.2 -MW

Another price policy option is to move toward economic prices.

Economic prices are defined as import parity prices for cereals and

agricultural inputs, and export parity prices for cash crops. For

nontraded inputs, the economic price is the domestic market price. The

advocates of this price policy argue that these economic prices provide

a true indication of the opportunity cost of production of different

crops and therefore give correct signals for an optimal allocation of

resources to the microeconomic agents.

The estimated economic prices are compared to the current

financial prices for major products in several zones of Senegal in

Table 33. Three observations can be made on this table. First,

1422....

Senegalese agriculture is already well protected. The economic prices

for all crops except cotton are substantially lower than the financial

prices. Second, the economic prices are relatively much lower than the

financial prices in the case of cereals compared to the case of

groundnuts. In the Center of the Groundnut Basin, the ratio groundnut

price / millet price is 1.45 using financial prices and 1.73 using

economic prices.

Third, the economic price of tomato seems much higher than its

current financial price. One must be cautious here because the

economic price calculated is based on the import parity price of fresh

tomatoes while most of the tomatoes produced in the Senegal River Basin

seem to be processed into tomato paste for domestic consumption.

However, the little data available on the import parity prices of

canned tomatoes and tomato paste were consistent with that economic
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TABLE 33

/

COMPARISON OF FINANCIAL AND ECONOMIC PRICES FOR MAJOR

AGRICULTURAL PRODUCTS IN SEVERAL ZONES OF SENEGAL

(in CFA Francs per kilo)

 

 

     

Difference

Product Zone name Financial Economic in % of

price price financial

price

Millet/ . Center of Groundnut Basin 62 39 -37

Sorghum . Center of Eastern Senegal 62 27.4 -56

. Middle Casamance 62 26.5 -57

Maize . South-East Groundnut Basin 75 26.3 -65

. Center of Eastern Senegal 72 21.5 -70

. Lower Casamance 67 23.2 -65

Rice . Large perimeters of the

(paddy) Lower Senegal River Valley 85 37.5 -56

. Middle Senegal River Valley 85 32. -62

. Upper Senegal River Valley

and North Eastern Senegal . 85 31.4 -63

Groundnut . Center of Groundnut Basin 90 67.3 -25

(shells) . Middle Casamance 90 66.7 -26

Cotton . Middle Casamance 95 122.3 +29

Tomato . Large perimeters of the 2

Lower Senegal River Valley 25 80 +220

 

1For sorghum, import parity price with the Center of the Groundnut

Basin as the consumption point.

parity price with Dakar as the consumption point.

cotton, export parity price.

For maize, rice and tomato, import

For groundnuts and

The CIF or FOB prices came from Customs

statistics. See complete calculations in Tables 57 to 62 in Appendix A.

2This is the fresh tomato price.

Source: Calculations made by the author.
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price. Given the lack of adequate data and to avoid overestimating the

economic profitability of tomatoes, the financial price of CFAF 25 was

used in the farm models rather than the estimated economic price of

CFAF 80 per kilo.

The implications of these observations are obvious when running

the farm models and the agricultural sector model with economic

prices. The net margins per hectare are considerably lower with

economic prices than with financial prices (see Table 34). The

greatest income losses are for the large irrigated perimeters of the

Lower Senegal Valley which are hurt by the decrease in the price of

rice. The net margin in the North of the Groundnut Basin goes up

slightly because the farm benefits from lower purchase prices for

cereals while cowpea sales are not affected.

The net margins including cereal purchases are also lower with

economic prices than with financial prices for most zones. The two

exceptions are the North of the Groundnut Basin (zone 2) and the Middle

Senegal River Basin (zone 4). In those two zones with low levels of

CSS, the decrease in the value of cereal purchases more than

compensates for the loss of output sale, which results in higher net

margins including cereal purchases (respectively +69% and +4%).

‘/, Then, the production of groundnuts increases while that of cereals

decreases when producers are faced with economic prices (see

Table 35). This would support the argument that Sehegel_hes_e

om-. . iv- .cv.nt.c- in tho .r.. 'on . . 0Ut°t . - .1 i

o u i n f r l .

Another interesting finding is that cotton enters in the solution
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TABLE 34

COMPARISON OF NET MARGINS PER HECTARE BY ZONE IN SENEGAL

USING FINANCIAL AND ECONOMIC PRICES

(in CFA Francs per hectare)

 

 

 

Farm model’s net margin per ha1

Zone Zone name

Difference

number Financial Economic in % of

prices prices financial

price

rou n t in

1 . Center of Groundnut Basin 26,326 23,712 ~10

2 . North Groundnut Basin 4,684 5,030 +7

10 . Southwest Groundnut Basin 53,205 41,977 ~21

11 . Southeast Groundnut Basin 51,928 36,713 ~29

r n l

Casamance

6 . Center Eastern Senegal 43,216 26,687 ~38

7 . Upper Casamance 22,473 17,968 ~20

8 . Middle Casamance 18,034 13,846 ~23

9 . Lower Casamance 50,076 40,813 ~18

i er

3 . Large perimeters of the

Lower Senegal River Valley 144,400 25,950 ~82

4 . Middle Senegal River

Valley ~13,372 ~17,335 ~30

5 . Upper Senegal River Valley

and North Eastern Senegal 45,790 28,070 ~39       
1The net margin is equal to gross revenue minus expenses for purchased

inputs. Since the objective function of the farm model is the net margin

minus the value of cereal purchases, the net margin is calculated by

adding the value of cereal purchases to the objective function value in

the solution.

Source: Farm models built by the author.
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TABLE 35

COMPARISON OF THE PRODUCTION OF MAJOR CROPS IN SENEGAL

USING FINANCIAL AND ECONOMIC PRICES

 

 

(in tons)

Product Production Production %

with with change

financial economic

prices prices

Millet/sorghum 362,373 366,980 +1

Maize 58,680 45,825 ~22

Rice 72,718 65,187 ~10

Groundnuts 514,849 588,694 +14

Cotton 13,166 23,565 +79

Cowpeas 14,970 14,970 0

Tomato 0 29,255      
NB: For cereals, this is the net production equal to gross

production multiplied by a coefficient that takes into

account storage losses, seed stock reconstitution and

milling into consumable products. For the other crops,

this is gross production.

Source: Supply curves derived by the author.
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without any constraint, contrary to the solution with financial

prices. Also cotton does not enter in the solution in the traditional

producing zones for that crop (Eastern Senegal and Upper Casamance),

but in a zone where cotton is presently a marginal crop (Middle

Casamance).

On irrigated perimeters, tomato replaces rice as the most

profitable crop, even when the economic price of tomato is estimated at

CFAF 25 per kilo rather than CFAF 80. In the initial run of the

economic farm models and of the agricultural sector model, tomato

production reached 118,000 tons. This was not realistic since the

domestic market for tomato is around 30,000 tons. There is a potential

for exporting tomatoes, but the past experience of Senegal in that

field indicates that this requires many preconditions to be

successful. At least for the short run, exporting large quantities of

tomatoes does not seem a feasible option. To reflect this marketing

constraint, a ceiling was set on tomato acreage in the economic models

which results in tomato production of less than 30,000 tons.

The cost of meeting the population’s cereal needs minus the value

of exports drops 27% when economic prices are used instead of financial

prices. This comes from the lower prices paid to the producers. The

estimated deficit of the agricultural trade balance goes up 35%. One

reason is lower cereals production, which results in more cereal

imports. The other reason is larger groundnut production which

increases the sources of foreign exchange, but which also uses more

foreign exchange for production, transportation and processing.

Overall, an economic price policy would permit Senegal to benefit
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from its comparative advantage in groundnut production and would favor

a more efficient allocation of resources. This conclusion is made

using the present level of world prices. To validate this conclusion in

the long run, one must consider the evolution of world prices over a

long period rather than at a given point of time. Some economists

argue that the terms of trade deteriorate over time for developing

countries, which argues against an integration of these countries in

world trade. This argument is debatable in the case of Senegal and

depends partly on the years chosen as the start and end of the period

over which the evolution of the terms of trade is considered. The

terms of trade index for Senegal was 112 in 1960, 123 in 1970, 159 in

1975, 100 in 1980 and 98 in 1985 (World Bank 1979, 1982, 1984, 1987b).

The World Bank (1987a) projects that world prices for agricultural

products and inputs traded by Senegal are going to increase slightly

over the low level of 1986-87 until year 2000, but will probably stay

well below the high level of 1983-84. Therefore, the economic prices

calculated for 1986-87 would remain more or less valid in the long run,

and the comparative advantage of Senegal in groundnut production as

well. However, the zero growth in the world market for groundnut

products projected by the World Bank means that Senegal is facing a

stagnant source of foreign exchange while the demand for foreign

exchange to pay for cereal imports goes up as a result of rapid

population growth. This raises the issue of the sustainability in the

long run of a development strategy financed on groundnut products

exports.
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6.4 ~ .- ' a i-n o - -ol _ .ri.~ - a e in- - food em

eenfemanse

An experimental design procedure was set up to identify key policy

variables affecting the food system performance. A variance

decomposition method was used to provide a systematic way of looking at

the impact of each of several key variables, while controlling for the

effects of the other variables (Casey 1974, Crawford 1982, Low 1974,

Zuckerman 1977 and 1979, Zusman and Amiad 1965). Three policy

variables were considered: the cereal production level (or equivalently

a level of CSS desired), food habits and world prices.

Three levels of cereal production were chosen: the present

production level (or a level of CSS desired of 47.3%), the production

level corresponding to a 40% increase in cereal prices (or a level of

CSS desired of 53.2%), and the production level corresponding to an 80%

increase in cereal prices (or a level of CSS desired of 55.6%). Two

levels were chosen for food habits: one with no food habits constraints

and another with the present food habits constraints. Two levels of

world prices were chosen: the low level of 1986/87 and the high level

of 1983/84.1

Two performance indicators were chosen: the cost of meeting the

population’s cereal needs minus the value of exports (the value of the

objective function of the agricultural sector model), and the

 

1World prices for inputs and products traded by Senegal tend to

fluctuate more or less similarly in the long run (see Figures 23 and 24

(pp. 89-90), Table 52 (p. 269) and World Bank 1987c). Therefore, it

made sense to consider two levels for all prices: high and low.
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agricultural trade balance deficit. The values for these two

indicators are presented in Table 36 for the twelve possible

combinations of the three policy variables.

As expected, the cost of meeting the population’s food needs minus

the value of exports increases with the level of production and with

the inclusion of food habits. It decreases with an increase in world

prices. A possible explanation for that result is that Senegal

benefits more from an increase in world prices through an increase in

the value of exports than it is hurt by an increase in the value of its

imports. It is worth pointing out that the objective function of the

agricultural sector model values groundnut production as if it was all

exported.

The agricultural trade balance deficit does not change much with

the level of production as a result of counterbalancing effects

mentioned in Section 6.2.5. The impact of the introduction of food

habits in the model is clearly to raise the trade deficit. The

cheapest cereal on the world market is sorghum. To meet food habits,

in particular of the urban population, Senegal has to import more

expensive cereals such as rice and wheat.

The evidence for an increase in world prices is less clear-cut.

The agricultural trade deficit goes down when world prices increase and

no food habits are considered. It goes up when world prices increase

and food habits are considered. A possible explanation for this result

is that, when food habits are not considered, Senegal imports the

cheapest cereal, i.e., sorghum. When world prices go up, the prices go

up relatively more for exported products, which command a higher price,
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TABLE 36

DATA USED FOR THE EXPERIMENTAL DESIGN PROCEDURE

1 ~ The totel east of meeting the pepeletion’s food needs mines the

yalee ef exports in Senegal (in billions of CFA Francs)

 

Low world prices High world prices

 

 

     

Production level 1986/87 1983/84

(level of CSS No food Food No food Food

desired in %) habits habits habits habits

constraint constraint constraint constraint

Present production

level (47.3) 100.6 125.5 74.5 112.3

Production level

with a 40% increase

in cereal prices (53.2) 124.4 150.2 103.2 141.6

Production level

with an 80% increase

in cereal prices (55.6) 149.8 174.9 131.3 168.4
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TABLE 36 (CONT’D.)

2 ~ lhe egrjselteral treee helance defieit (in billions of CFA Francs)

 

Low world prices High world prices

 

 

     

Production level 1986/87 1983/84

(level of CSS No food Food No food Food

desired in %) habits habits habits habits

constraint constraint constraint constraint

Present production

level (47.3) 6.5 29.8 ~0.3 35.9

Production level

with a 40% increase

in cereal prices (53.2) 6.8 30.1 2 37.9

Production level

with an 80% increase

in cereal prices (55.6) 7 29.6 3.5 38

 

Source: Agricultural sector model results.
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than for cheap imported sorghum. The net result is an improvement in

the trade balance. When food habits are considered, more expensive

cereals are imported such as wheat and rice. When world prices go up,

the value of imported products goes up relatively more than the value

of exported products, resulting in a deterioration of the trade

balance.

A variance decomposition analysis was conducted to estimate the

importance of the impact of each of the three policy variables on the

two performance indicators (see Tables 37 and 38). The variables

affecting the cost of meeting the population’s food needs minus the

value of exports are in order of importance: food habits and the

production level (or level of CSS desired), and world prices. The

variables affecting the agricultural trade balance deficit are in order

of importance: food habits (by far), the production level or level of

CSS desired, and world prices.

Several observations can be made on the basis of these results.

First, food habits seem the policy variable that has the biggest impact

on the performance indicators identified, especially the agricultural

trade balance. This result would support the emphasis put by the

Senegalese government on promoting millet/sorghum and maize to

substitute for rice and wheat. Improvements in millet/sorghum and

maize processing and marketing could contribute significantly to

changing food habits in favor of those cereals and reducing the cost of

meeting food needs.

Second, the production level (or the level of CSS desired) is the

next important policy variable to consider. This variable has a major
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TABLE 37

VARIANCE DECOMPOSITION TABLE FOR THE COST OF MEETING THE POPULATION’S

FOOD NEEDS MINUS THE VALUE OF EXPORTS IN SENEGAL

(in billions of CFA Francs)

 

 

      

Degrees Sum of Share of Mean Share of

of squares total square total

freedom (%) (%)

Food habits 1 2984 31.6 2984 44.9

Production level 2 5591 59.1 2795 42.0

World prices 1 739 7.8 739 11.1

Cross-effect

(food habits X

world prices) 1 118 1.2 118 1.8

Cross-effect

(production level X

world prices) 2 27 0.3 13 0.2

Cross-effect

(production level X

food habits) 2 1 0.0 0 0.0

Cross-effect

(production level X

food habits X

world prices) 2 0 0.0 O 0.0

Total 11 9459 100.0 6650 100.0

 

Note: The zeros indicated in the table correspond to positive small

numbers rounded to the nearest integer for numbers and t: tne

nearest first decimal for percentages.

Source: Agricultural sector model results and calculations by the

author.
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TABLE 38

VARIANCE DECOMPOSITION TABLE FOR THE AGRICULTURAL TRADE

BALANCE DEFICIT IN SENEGAL

(in billions of CFA Francs)

 

 

 

Degrees Sum of Share of Mean Share of

of squares total square total

freedom (%) (%)

Food habits 1 2572 95.1 2572 95.3

World prices 1 4 0.2 4 0.2

Production level 2 5 0.2 3 0.1

Cross-effect

(food habits X

world prices) 1 117 4.3 117 4.3

Cross-effect

(production level X

world prices) 2 4 0.1 2 0.1

Cross-effect

(production level X

food habits) 2 1 0.0 O 0.0

Cross-effect

(production level X

food habits X

world prices) 2 0 0.0 0 0.0

Total 11 2703 100.0 2698 100.0      
 

Note; The zeros indicated in the table correspond to positive small

numbers rounded to the nearest integer for numbers and to the

nearest first decimal for percentages.

Source: Agricultural sector model results and calculations by the

author.
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impact on the cost of meeting food needs, suggesting that higher CSS

rates can be reached in Senegal through higher producer prices for

cereals, but at a high social cost. However, the CSS level has little

impact on the agricultural trade balance. Increased CSS does not seem

to improve the balance of trade.

Third, world prices do not seem to matter much in the long run

since some counterbalancing effects are at work to reduce the impact of

their variations on the performance indicators considered. This does

not mean however that short run fluctuations in the relative prices of

inputs and outputs do not affect the performance variables considered.

To review this chapter, the results of the empirical modelling

exercise were presented. To start with, the CSS level, the

profitability and the most binding constraints at the farm level were

analyzed. Then, the implications of three price policies were

considered: a general cereals prices increase policy, a policy raising

only rice and wheat prices, and an economic price policy. Finally, key

policy variables affecting the food system performance were

identified. The next chapter sums up the findings of this research and

draws some policy implications.



CHAPTER 7

SUMMARY OF FINDINGS AND POLICY IMPLICATIONS

This chapter reviews the methodology and the major findings of

this research, draws some policy implications, and suggests possible

topics for further research. First, a conceptual framework and a

theoretical model were proposed to analyze the interactions between

food security and comparative advantage at the micro and at the macro

level.

Then a methodology was proposed for an empirical analysis of,these

relations. It starts with a macro analysis of the food situation using

food balances, which concludes that the agricultural situation in

Senegal has deteriorated over the last decade. The cereals .

self-sufficiency rate decreased while the shares of commercial imports

and especially food aid in total cereals supply increased. On the

basis of the projections made under alternative scenarios about the

cereals supply and demand conditions in Senegal until the year 2000,

the Senegalese government’s new objective of 80% cereals

self-sufficiency by that date does not seem attainable. The only

apparent hope for improving the level of food self-sufficiency in the

239



240

very long run is to reduce the very rapid population growth.

Then the present financial profitability of major crops in the

agricultural zones of Senegal was analyzed on the basis of several

types of margins calculated from a number of detailed crop budgets.

This analysis concludes that the present price policy does not

especially favor rainfed cereals. Millet/sorghum is clearly not an

interesting cash crop, and is grown mainly for home-consumption. Maize

is much more profitable and can be competitive with groundnuts in some

cases, although overall, groundnuts remain the most profitable rainfed

crop. This does not seem consistent with the Senegalese government’s

objective of significantly increasing the level of cereals

self-sufficiency.

The present price structure strongly favors irrigated rice in the

Senegal River Valley, which is consistent with the very high priority

given by the Senegalese government to increasing domestic rice

production. Cotton is less profitable than most crops, and quite

often, not profitable at all. It is not grown because it is

profitable, but because it is one way for farmers to get access to

credit and fertilizers supplied by the parastatal initially created to

foster cotton cultivation.

To incorporate food security considerations at the micro level and

look at their interactions with the profit objective, a number of

typical farm models were built. These models provide insights on the

possible rates of cereals self-sufficiency at the farm level, the

profitability of agriculture, and the key binding constraints in

different zones of Senegal. The possible cereals self-sufficiency rates
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are rather high in an average year (although only one zone achieves a

rate of 80%), but are much lower in a very bad rainfall year. For

rainfed cultivation zones, the rates are lower in the north than in the

south of the country. In the zones of irrigated perimeters in the

Senegal River Basin, individual plots in the large perimeters of the

Lower Valley are big enough to meet a high level of self-sufficiency.

On small perimeters in the Middle Valley, the small size of the

individual plots and the high population density prevent the farm model

from reaching high self-sufficiency levels.

A ranking of the agricultural zones according to the farm models’

net margin per hectare was made. The large irrigated perimeters come

first by far. However, the margins for the small perimeters of the

Middle and the Upper Valley of the Senegal River are smaller, due to

the irrigated land constraint mentioned above. The regions that grow a

lot of groundnuts are highly ranked in the model’s margin ranking.

The most binding constraints vary from zone to zone. However,

land for rice cultivation (irrigated land in the Senegal River Basin,

lowland in Casamance) and capital are the most important constraints

overall.

The farm models were run with several output price vectors to

derive cereal supply curves. These supply curves serve as an interface

hetween the micro farm models and the macro agricultural sector model.

The latter considers the trade-offs between the benefits of comparative

advantage and food security.

This methodology was used to analyze three price policies that

could be considered to improve the food situation. The first one would
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involve establishing a regional protected cereal market in West Africa

by raising the consumer prices for rice and wheat and the producer

price of rice. The second policy would involve raising all cereal

prices in a similar way. The third policy would involve moving toward

economic or border prices.

The first price policy involves raising the producer price of rice

to develop rice production, which could substitute for imports. This

policy is estimated to have a minimal impact on rice production and

thus on the level of cereals self-sufficiency, the allocation of

resources, the public deficit and the trade deficit. This results from

a major constraint on irrigated land in the Senegal River Basin and on

lowland in Casamance, which severely limits the expansion of rice

production. While the impact on the supply side would probably be

limited, an increase in the consumer price of rice would hurt the poor

urban consumers, whose diet is mainly composed of rice.

The second price policy, which involves raising the prices of all

cereals, would result in an increase of production, although not as

great as might have been anticipated. The estimated cereal price

supply response is low. Apart from the land constraint on rice

production mentioned above, the other factor limiting the expansion of

cereal production is that groundnuts remain often the most profitable

rainfed crop, even after the cereals price increase.

Another potential problem with a general increase in cereals

prices is that most of the increase in cereal production would be in

maize. Given the present food habits in Senegal, a large increase in

maize production could result in the creation of a surplus.
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A key determinant of the possibility of changing the food habits

of urban consumers in favor of maize is the transformation of maize

into a convenient form which is as easy to store and to prepare as

rice. This activity would have to be profitable and the maize supply

would have to be stable enough from year to year to attract private

milling companies. Both conditions would probably require the

intervention of the state, first to subsidize the difference between

the high producer price and the import parity price and, second, to

help set up some kind of buffer stock.

Another potential outlet for the surplus would be to export it to

neighboring countries. However, it is hard to see how Senegal could be

competitive with major world maize producers, especially if the

producer price has been raised.

Another problem with this price policy would be the increased

costs of meeting the population’s food needs. Either the consumers

would have to pay more for their cereals or the state would have to pay

for a consumer subsidy. Neither alternative is attractive. Many

consumers have very low incomes. The state is already experiencing a

high budget deficit. It is hard to imagine how the state could

generate additional revenues to pay for this subsidy, except by asking

for additional foreign aid. The end result might be an increase in

Senegal’s dependence vis~a~vis the rest of the world.

Finally, a general cereals price increase would have a limited

impact on the trade balance. The effect of lower cereal imports would

be offset by lower groundnut exports.

The third price policy considered would involve moving toward
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economic or border prices. This policy would permit Senegal to benefit

from its comparative advantage in groundnut production and would favor

a more efficient allocation of resources.

However, this policy would increase Senegal’s dependence on

international markets to meet its food needs. This runs counter to the

desire of national independence, which is clearly an important

objective for the Senegalese government. Also the sustainability of

the past development strategy, based on the specialization in groundnut

production and exports to pay for rice imports, is becoming

questionable. The world market for oil products will experience very

little growth until the end of the century, especially for groundnut

products. Senegal is facing at best a stagnant source of foreign

exchange while the demand for foreign exchange to pay for cereal

imports goes up as a result of population growth. Therefore, in the

long run, Senegal has to find an alternative development strategy.

Another potential issue with an economic price policy is finding

an outlet for the large increase in tomato production on irrigated

perimeters. Estimated tomato production with economic prices would be

around four times the size of the domestic market in the short run.

Such an increase in tomato supply would probably depress the price and

reduce supply in the longer run, but the small domestic market size and

the limited tomato marketing system could create potential problems.

The impact of an economic price policy on the state budget would

be positive since the state would eliminate most subsidies. However,

the impact on the trade balance would be negative since more cereals

would be imported, and since groundnut production is a user as well as
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a source of foreign exchange.

Finally, in terms of income distribution, the typical farmers in

most zones would probably lose more from the reduced value of their

sales than they would gain from the reduced value of cereal purchases.

However, a number of small farmers, who are net purchasers of cereals,

could gain from an economic price policy, at least in the short run.

Consumers would clearly be the big gainers of this policy.

It is clear that none of these policies is perfect. One key

dimension of the policy choice appears to be time. In the short run,

if the government wants to increase the cereals self-sufficiency rate,

a sensible approach would be to implement a moderate general increase

in cereals prices. This would limit the additional costs to the state

and to consumers. It would avoid the creation of a large maize

surplus. And in any case, the effect of a price increase on the

cereals self-sufficiency rate would be limited.

In the longer run, certain disadvantages of a higher cereals price

policy would become less important. Food habits would have time to

change in favor of maize. More irrigated perimeters would be

available, so that the land constraint on the expansion of rice

production would be less binding. However, a comparative advantage

strategy could also become more attractive if other economic sectors

such as fisheries and tourism could replace groundnuts as the major

source of foreign exchange. Given the population growth prospects, the

limited public resources, and the hard living conditions of a large

part of the Senegalese population, this might well be the only way for

Senegal to avoid becoming an international welfare state. An economic



246

price policy would also result in lower food prices, making it possible

to reduce urban wages and potentially improve Senegal’s comparative

advantage in labor intensive activities. I

All these conclusions depend partly on the institutional

environment. For example, the price elasticity of cereals supply might

be greater than estimated if changes in the inputs marketing system

occurred, in particular in the availability of agricultural credit.

Current institutional reforms are going to affect Senegal’s comparative

advantage and it is hard to tell now in what direction.

Finally, some key policy variables affecting food system

performance were identified using experimental design techniques. A

variance decomposition analysis was conducted to estimate the

importance of the impact of three policy variables on two performance

indicators. The three policy variables are: the cereal production

level (or equivalently a level of cereals self-sufficiency desired by

the government), the inclusion or exclusion of food habits constraints,

and the level of world prices. The two performance indicators are the

cost of meeting the population’s cereals needs minus the value of

exports (the value of the objective function of the agricultural sector

model), and the agricultural trade balance deficit.

Food habits seem the policy variable that has the biggest impact

on the performance indicators identified, especially the agricultural

trade balance. This result would support the emphasis put by the

Senegalese government on promoting cheaper millet/sorghum and maize to

substitute for more expensive rice and wheat. Improvements in

millet/sorghum and maize processing and marketing could contribute
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significantly to changing food habits in favor of those cereals and

reducing the cost of meeting food needs.

The production level (or the level of cereals self-sufficiency

desired) is the next important variable to consider. This variable has

a major impact on the cost of meeting food needs, suggesting that

higher cereals self-sufficiency rates can be reached in Senegal through

higher prices for cereals, but at a high social cost. However, the

cereals self-sufficiency level has little impact on the agricultural

trade balance. Increasing cereals self-sufficiency does not seem to

improve the balance of trade.

Finally, world prices do not seem to matter much in the long run

since some counterbalancing effects are at work to reduce the impact of

their variations on the performance indicators considered.

W

This research could be complemented in several ways:

~ This research concentrated on the supply side. The scope of the

study could be enlarged to include a more elaborate analysis of

demand than the simple demand system used;

~ This research focuses on agriculture. ”The livestock sector could

also be included in the analysis. Livestock budgets could be

elaborated to evaluate the profitability of alternative livestock

activities. Livestock models could be built to analyze the herders’

objectives and constraints. The focus should be put on the

interrelationships between the farm models and the livestock models,

especially the provision of organic fertilizer by the herd to the

farm and the provision of feed grain and forage by the farm to the
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herd;

, ~ Each farm model could include more details about the local conditions

of production. In particular, several farm models could be built in

each zone to reflect the structural diversity of farming systems;

~ The decision-makers’ aversion to variations in world prices or in

domestic yields could be incorporated in the agricultural sector

model. A system of food security constraints could potentially be

introduced in the agricultural sector model as was introduced in the

farm models;

~ This research does not address the empirical problem of enforcing

official producer prices. There are a variety of enforcing

mechanisms whose pros and cons should be studied;

~ The most promising follow-ups to this research in Senegal are studies

on maize and tomato production, marketing and consumption. Maize

seems to be the cereal with the highest price elasticity of supply,

but its consumption is currently quite limited. Tomato seems a

profitable irrigated crop, especially with economic prices, but its

expansion is limited by the size of the domestic market.

The research presented here provides some insights into the

complex policy issues of food security and comparative advantage from

theoretical, methodological and empirical points of view. Its main

emphasis is on the need to consider the micro perspective in looking at

macro issues, and on the necessary consistency between the two

perspectives for a successful food strategy.
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Other data tables
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APPENDIX B

Crop budget sample for mi11et/sorghum

in the Center of the Groundnut Basin



 

280

222 122 2

.I-.-..¢.¢.¢.¢.¢.fi-¢-0--0.--.-IOOQC-1-...o.o-oCoon-0-.-.~~OO.O.I...¢.I.O.Q.O-O-O.¢.Q.¢“m

i!

2

a

8

a

'6

u a -0 .- -0 c. -I .0 .0 .0 -n -0 .- -0 .6 .- 0. .0 .0 .0 .0 .0 .C -0 .0 -0 -a .- .0 .g .. .0 -0 .0 .o .. -- .0 -3 .Q on .0 -I .0 .c .1 .- ..

g 3 -

I C -l -I .0 .0 .O - .O .0 -0 -0 -I -l -I .0 “ .. .0 .0 .0 .. .C -I .0 -0 .I u .C - .C .0 .C - .O - .C .C .0 .O -0 .0 - -6 -0 -I .0 ..

GI.6-..I.l.0-.I-0.0.0“...¢.O*.0.0.0-0.0.0-l-l.0-’.0.0.....C-I.I.C.O.I.C.6.‘.6.D.6-fl.lm“.c

1-0....0o...-m-.-’o-o.¢.o-o.fl.o.fl.¢.n-o.n.o.fl“OOOQOOOCOIOOOOCIQOOCOOOIOOOOOOOO O

‘-O.-.---9--.-.C-0.I.C.’-0~“~.l.C...‘.0-0-D.....O-l-l..-l.........l...¢.0“..-.0.I-O“..~

O

2222222222222222222222226222222222222222222226

2
1
2
'
.

2
6
2
2
M
B

1
2
‘
.
5
6
2
2
“

6
2
‘
2
6
2
2
“

I
I
"
2
6
6
2
“
u
m

2
6
"
”
:

'
U

U
'

I!m“...0..-“m”-...0-.0’.0.l.0...‘.0.6.0.C-..“--“.O~-.O.O.‘.O.O.G-.Q.O.C““'

i“..-n.-.o.o-o-o.o.¢.¢

33139 g

again

6666’

g.

3 22

ga

Oi.

a"

a as

C0-.-0m--.I-D-..‘...I.O..“..--~-’0’..-““.C-.O--.C-.O-...C”.O..—~“-Oufiu

I.““~~“.0-“uum---~.¢.‘.¢“-.§-l-0.0.0ufiuu-“.C-.O.fl-“.‘-I-O.C-O-I.O.Q..

o

M
U
M
M
I
U
‘
I
I
I

2
'
2
22

m
a
n
n
a
-
n
u
s

”
w
a
n
n
a
"

o
a
t
-
m
a
n
n
a
;

0

”
I
2
9
a
n

'
2
6
2
22

m
m
:

‘
2
6
2
M
2
2

2

I
”

2
6
2
2
2

n
o
a
m

2
6
2
2
2

m
m

.
6
0

2
6
2
2
2

a
s
n
o
n
.

2
6
2
2
2

I
“

2
2
2
2
22

m
a

6
1
2
.
2
m

n

”
H
U
R
O
N
”

'
2
0
]
2
H
2

6

”
C
0
2
6
.
”
a
-

n
2

2
8
0
I
0
I
|
2
2
2
'
6
2
a
n
!

2
2
6
2
2

I
W
O
I
O
W
I
I
!
I

2
2
6
2
22

.
2
I
.
a
n
”
I
N

1
2
0
2
22

a
a
:

2
6
6
2
2

a
m

2
8
2
2

n
'

2
2
6
2
22

m

2

6
-

2
3
2
2

2
2
1
-
6
2
2
I

2
2
6
2
2I

I
}
!

2
2
2
2
22

6
2
3
2
3
m
m

2

a
n

2
6
2
2
2

a
a
m

2
2
2
2
2

I
I
.

2
2
2
2
22

y
o
u
:

ii



I
O
N
E
I

C
E
N
2
E
R

O
F

2
H
E

8
R
O
U
N
D
N
U
2

8
0
8
2
N

(
Z
O
N
E

2
2

C
R
O
P
!

N
2
L
L
E
2
1
8
0
R
8
H
U
N

V
E
R
8
I
O
N

2
.
2

C
R
O
P

D
U
D
G
E
2

9
9
8
E

2
O
F

5

 
 

N
R
R
B
I
N
O

2
C
F
A
F
2

2
2
N
8

8
8
0

Y
E
O
R
P
E
R

H
E
C
2
A
R
E

2 2
2
2
0
2
2

8
R
O
8
8

N
I
T
"
L
8
8
O
R

C
0
8
2

2
2
2
-
6
2
2

2
2
2
0
2
2

8
8
0
8
8

N
I
2
H
O
U
2

L
O
D
O
R

C
0
8
2

2
2
2
.
6
6
2

2
2
2
0
3
2

N
E
2

8
2
2
”
L
R
D
O
R
C
O
8
2

2
2
2
-
9
2
2

2
2
2
0
6
2

N
E
2

N
2
2
H
0
0
2

L
R
B
O
R

C
0
8
2

2
2
2
-
9
6
2

2 2
2
N
R
N

R
V
E
R
R
G
E

Y
E
A
R

P
E
R

fl
E
C
2
R
R
E

2 2
2
2
0
5
2

8
R
0
8
8

“
2
2
H
L
G
O
O
R

C
0
8
2

2
2
2
-
6
2
2

2
2
2
0
6
2

8
R
0
8
8

N
2
2
H
O
U
2

L
8
8
0
R

C
0
8
2

2
2
8
-
6
6
2

2
2
2
0
7
2

N
E
2

N
2
2
H
L
R
8
O
R

0
0
8
2

2
2
8
-
9
8
2

2
2
2
0
8
2

N
E
2

N
I
2
H
0
0
2

L
A
B
O
R

C
0
8
2

2
2
2
-
9
6
2

2 2
2
N
A
8
0
0
0

Y
E
R
R

P
E
R

H
E
C
2
A
R
E

2 2
2
2
0
9
2

8
8
0
8
8

“
2
2
"
L
O
B
O
R

0
0
8
2

2
2
3
-
6
3
2

2
2
2
2
0
2

8
R
0
8
8

N
2
2
H
O
U
T

L
R
D
O
R

0
0
8
2

2
2
3
‘
6
6
2

2
2
2
2
2
2

N
E
2

N
2
2
H

L
O
D
O
R

0
0
8
2

2
2
3
-
9
3
2

2
2
2
2
2
2

N
E
2

N
2
2
H
O
U
2

L
R
D
O
R

0
0
8
2

2
2
3
-
9
6
2

2 2
2
N
R

8
8
0

Y
E
A
R

P
E
R

H
O
R
K
D
R
Y

2 2
2
2
2
3
2

8
R
0
8
8

2
2
0
2
/
2
9
0
.
2
2

2
2
2
2
6
2

N
E
2

2
2
0
6
/
2
9
0
.
2
2

2 2
2
N
A
N

O
V
E
R
R
8
E

Y
E
A
R

P
E
R

H
O
R
K
D
R
Y

2 2
2
2
2
5
2

8
R
0
8
8

2
2
0
6
/
2
9
0
.
2
2

2
2
2
2
6
2

N
E
2

(
2
0
8
/
2
9
0
.
2
2

2 2
2
N
8

8
0
0
0

V
E
fl
R

P
E
R

U
O
R
K
D
O
V

2 2
2
2
2
7
2

8
8
0
8
8

2
2
2
0
/
8
9
0
.
3
2

2
2
2
2
8
2

N
E
2

2
2
2
2
/
2
9
0
.
3
2

2 2
U
N
2
2

0
0
8
2

O
F
P
R
O
D
U
C
2
I
O
N

2 2
2
2
2
9
2

8
8
0

Y
E
fl
R

2
9
2
/
C
O
R
R
E
8
9
0
N
D
I
N
8

Y
I
E
L
D
2

2
2
2
2
0
2

8
V
E
R
R
8
E

V
E
O
R

2
9
2
/
C
O
R
R
E
B
P
O
N
0
2
N
8

V
I
E
L
D
l

2
2
2
2
2
2

8
0
0
0

V
E
O
R

2
9
3
/
C
O
R
R
E
8
9
0
N
D
I
N
8

Y
I
E
L
D
2

..-8.0.0.0.0.8.0.0.0.0.0.0.8.0.0

-
7
2
5
5

2
0
8
6
5

~
2
0
3
7
5

7
2
2
5

2
3
7
6
5

3
8
7
6
8

2
0
6
8
5

3
3
6
2
5

2
5
7
6
5

6
2
7
6
8

2
8
6
8
5

2
9
3

8
0
6

7
9
9

7
3
2

8
0
3

7
6
3

2
3
2

6
8

-
6
6
3
0

9
3
7
0

-
9
7
5
0

6
2
5
0

8
8
7
0

2
9
8
7
0

5
7
5
0

2
6
7
5
0

2
5
3
7
0

3
9
3
7
0

2
2
2
5
0

3
6
2
5
0

2
9
3

2
9
5

7
2
2

6
3
7

8
2
0

7
5
5

2
3
9

6
0

6
5

onooooooocoomooooO-co m-..m.oo¢.o-.o.c.o.too.o.ooooc.co-Ono-GOGOoMMOtuOCOOOOO‘OO

2

M
O
D
U
L
E

3
2

N
O
D
U
L
E

6
2

5
2
0

2
3
0
2
0

-
2
6
0
0

9
9
0
0

2
2
5
2
0

2
7
5
2
0

8
6
0
0

2
6
6
0
0

2
7
0
2
0

3
5
5
2
0

2
3
9
0
0

3
2
6
0
0

5
2
2

3
9
6

8
6
0

7
6
3

9
6
0

8
7
6

2
0
7

3
7

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2
5
2
0

2
2
0
8
0

-
2
2
9
8

2
9
2
0
2

2
2
5
2
0

6
8
5
8
0

2
9
7
0
8

6
5
7
0
2

2
6
5
2
0

8
3
5
8
0

8
2
7
0
2

5
0
7
0
2

5
3
7

6
6
8

9
3
3

8
7
9

9
2
3

8
7
6

9
5

3
6

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

M
O
D
U
L
E

5
2

n

'
9
9
8
0

-
6
8
0

-
2
2
5
0
6

-
3
0
0
6

6
0
2
0

2
7
0
2
0

2
6
9
6

2
6
6
9
6

8
5
2
0

2
3
5
2
0

5
9
9
6

2
0
9
9
6

-
2
5

'
2
5
8

6
5
5

5
5
8

7
8
6

7
0
0

I
N
F
I
N
I

6
6

6
5

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

281



C
R
O
P

B
U
D
G
E
T

Z
O
N
E
:

C
E
N
T
E
R

O
F

T
H
E

G
R
O
U
N
D
N
U
T

B
A
S
I
N

(
Z
O
N
E

I
)

-
'
P
A
U
E

3
O
F

5

C
R
O
P
!

H
I
L
L
E
T
/
S
O
R
B
H
U
H

V
E
R
S
I
O
N

1
.
1

 
 

I 2
L
A
B
O
R

U
S
E

C
A
L
E
N
D
A
R

9
(
H
A
N
-
D
A
Y
S
)

I

g

a

_
-
-
-
—
-
—
—
—
-
—
-
—
-
—
—
-
u
—
-
-
—
-
“
-
-
.
—
-
-
o
-
-
n
-
—
—
—
_
-
—
-
—
-
—
-
o
—
-
-
—
-

 
 

P
E
R
I
O
D

P
O

«
5
W
E
E
K
S

B
E
F
O
R
E

T
H
E

F
I
R
S
T

U
S
E
F
U
L

R
A
I
N
)

(
:
0
1
)

F
I
E
L
D

C
L
E
A
R
I
N
G

(
2
0
2
D

P
L
A
N
T
I
N
G

(
2
I
0
)

T
O
T
A
L

P
0

-

d

d

‘00“

00

0

‘0

2
P
E
R
I
O
D

P
I

C
H
E
E
R
S

I
T
O
2

A
F
T
E
R

T
H
E

F
I
R
S
T

9
U
S
E
F
U
L

R
A
I
N
)

0'

(s

(
2
1
1
’

F
I
E
L
D

C
L
E
A
R
I
N
G

£
(
2
I
2
)

H
E
E
D
I
N
G
-
T
H
I
N
N
I
N
G
-
N
P
K

O
R

H
A
N
U
R
E

2
S
P
R
E
A
D
I
N
B

Q
I
E
E
O
)

T
O
T
A
L

P
I

00

-0 -0 -0 -0 -0 -0 -0

NO

on

-0 -0 .C .0 -I -0 -0 -0 -I -0

.31

P
E
R
I
O
D

P
2

(
H
E
E
K
S

3
T
O

4
A
F
T
E
R

T
H
E

F
I
R
S
T

U
S
E
F
U
L

R
A
I
N
)

(
3
&
1
)

P
L
A
N
T
I
N
G

(
2
2
2
)

H
E
E
D
I
N
B
-
T
H
I
N
N
I
N
G
-
N
P
K

O
R

H
A
N
U
R
E

S
P
R
E
A
D
I
N
S

(
2
3
0
)

T
O
T
A
L

P
2

OI)

7
.

1
3

I
3

1
0

P
E
R
I
O
D

P
3

(
W
E
E
K
S
5

T
O

6
A
F
T
E
R

T
H
E

F
I
R
S
T

U
S
E
F
U
L

R
A
I
N
)

-0 -0 -0 -0 -0 .0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0

.0 -. -0 -0 -0 -C -0 -0

(
8
3
!
)

H
E
E
D
I
N
B
‘
T
H
I
N
N
I
N
G
~
U
R
E
A

S
P
R
E
A
D
I
N
G

(
2
0
0
)

T
O
T
A
L

P
S

0

.-

RI

.-0

N

‘-

N

.
—
—
—
—
—
-
—
—
—
-
.
—
-
-
—
—
—
-
—
—
-
-
-
—
—
-
—
—
—
-
-
.
.
—
.
—
—
.
.
-
_
-
-
-
-
.
-
-
-
-
-
-
-
_
.
—
-
.
-
—
—
—
.
-
—
-
-
-
-
—
—
—
—
—
u
p
.
—
—
—
—
—
—
-
-
-
-
-
-
-
—
—
-
—
-
—
-
-
-
—
—
—
—
-

282



Z
O
N
E
:

C
E
N
T
E
R

O
F

T
H
E

G
R
O
U
N
D
N
U
T

B
A
S
I
N

(
Z
O
N
E

I
)

C
R
O
P
)

H
I
L
L
E
T
/
S
O
R
G
H
U
H

V
E
R
8
1
0
0
3

‘
0

S

C
H
O
P

U
U
U
U
E
)

 
0
—
-
.
-
.
.
—
-
—
—
_
_
_
_
-
_

I E
L
A
B
O
R

U
S
E

C
A
L
E
N
D
A
R

9
(
H
A
N
-
D
A
Y
S
)

I

 

E
P
E
R
I
O
D

P
6

(
W
E
E
K
S

7
T
O

B
A
F
T
E
R

T
H
E

F
I
R
S
T

2
U
S
E
F
U
L

R
A
I
N
)

I 2
(
2
4
1
)

R
E
E
G
T
N
G

2
:
2
5
0
)

T
O
T
A
L

p
a

I Q
P
E
R
I
O
D

P
5

(
H
E
E
K
S

9
T
o

2
4

A
F
T
E
R

T
H
E

F
I
R
S
T

2
U
S
E
F
U
L

R
A
I
N
)

0 2
:
2
5
)
.
)
)

H
A
R
V
E
S
T
I
N
G

I
N
A

B
A
D

Y
E
A
R

2
(
2
5
)
.
2
)

H
A
R
V
E
S
T
I
N
G

I
N
A
N
A
V
E
R
A
G
E

Y
E
A
R

2
(
2
5
)
.
3
)

H
A
R
V
E
S
T
I
N
G

T
N
A

8
0
0
0

Y
E
A
R

2
(
2
5
2
.
)
)

T
H
R
E
S
H
I
N
G
-
H
I
N
N
O
H
I
N
B

-
B
A
D

Y
E
A
R

2
4
2
5
2
.
2
)

T
H
R
E
S
H
T
N
G
-
H
T
N
N
G
N
T
N
G

-
A
V
E
R
A
G
E

Y
E
A
R

e
:
2
5
2
.
3
)

T
H
R
E
S
H
I
N
G
-
H
I
N
N
O
H
I
N
G

-
6
0
0
0

Y
E
A
R

2
(
2
6
0
.
)
)

T
O
T
A
L

P
5

I
N
A

B
A
D

Y
E
A
R

(
2
5
0
.
2
)

T
O
T
A
L

P
5

I
N
A
N

A
V
E
R
A
G
E

Y
E
A
R

(
2
6
0
.
3
)

T
O
T
A
L

9
5

I
N

A
6
0
0
0

Y
E
A
R

T
O
T
A
L

L
A
B
O
R

U
S
E

.
(
2
9
0
.
I
)

B
A
D

Y
E
A
R

(
2
9
0
.
2
)

A
V
E
R
A
G
E

Y
E
A
R

(
2
9
0
.
3
)

G
O
O
D

Y
E
A
R

-0 -0 -0 -0

M
O
D
U
L
E

2

P
A
G
E

4
O
F

5

 

O<D ”I15!”

I
S

2
3

E
9

3
5

4
6

5
2

-0 -0 -0 -0 -0 -0 -0

0‘3

-0 -0 -0 -0 -0 -0 -0 -0 -0 -l -0 -0 -0

NUTOIDUIO‘DC50

«qu-Muu

01m

010

-0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0

fiffl£’¢€hfijfl

1
8

I
6

FInINU‘QTUCUFIO

N‘f'jh-Mkaa‘m“

000-0

aim—influx]

00m

Q
I

1
9

5
2

.0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0

3
0

h

M

 

283



I
“
!

C
E
N
I
E
A
U

I
I
.
M
!

”
I
N
I
!
“

I
I

C
”
!
m
u
n
/
m

V
E
A
A
I
G
I

I
.
I

M
I
N
A
.

I
.
“
C
H
E
M

(
"
I
n
-
M
Y
A
I

P
E
R
I
O
D
P
O

I
A
K
E
N
.
“
P
M

"
6
"
R
O
I

”
1

M
I
N
I

I
I
J
O
I
I

P
L
N
I
I
I
I
G

I
I
J
I
O
I

'
0
7
“
.

P
O

I I
P
E
A
I
I
D

P
I

“
S
E
N
.

I
I
0
I
W
I
E
A

I
I
"

'
I
A
A
I

I
m
u
.

M
I
N
I

I I
I
J
I
I
I
m

I
M
A
I
’
A
I
I
M
M
O
“
A
D
I
.

I
I
J
E
O
I
T
o
u
t

P
I

I I
P
E
R
I
O
D

9
2

(
K
E
N
S

3
I
D

0
"
Y
E
A
"
E

E
l
"
!

I
U
A
E
F
I
I
.

A
A
I
N
I

I I
I
J
E
I
I
P
L
M
I
I
I
‘

I
I
J
A
I
I
m

I
M
I
A
I
’
I
M

“
I
I
“
A
l
l
"
.

I
I
J
E
J
I
I
‘
E
D
I
W

I
I
J
I
O
I

'
0
'
“
.

9
2

I I
P
E
A
I
I
D
9
3

I
I
‘
E
N
A
9

I
D
A
"
T
E
A
“
I

F
I
A
A
I

I
“
E
N
E
.
M
I
N
I

I I
I
J
J
I
I

I
E
E
D
I
I
G

I
I
J
O
O
I

"
I
I
“
.

A
)

I :
9
2
l
e

9
Q

“
G
E
N
O

7
I
I
I
A
"
T
E
A
"
E

F
I
N
A
?

I
U
A
E
F
I
I
.
M
I
N
I

I I
I
J
Q
I
I
“
E
D
D
“

I
I
J
S
O
I

1
0
!
“
.

'
0

I W
i
l
l
!
“

P
S

"
S
E
N
.

I
I
O
8
0
"
I
E
A

I
'
I
‘
E
I
A
I
I

I
m
e
a
n
.

M
I
N
I

I I
I
J
S
I
.
“
W
E
I
I
M
I
.

I
N
A
m

Y
E
A
R

I
I
J
S
I
.
I
I
M
A
I
I
W
I
.

I
N
“
I
A
V
E
“
m

I
I
J
S
I
.
3
I
M
A
I
I
m
t
o

I
N
A
m

Y
E
"

I
I
J
E
O
.
"

"
I
I
“
.

P
S

I
N
A

D
A
D
Y
E
N

I
I
J
E
O
.
B
I

I
O
I
‘
l
P
S

I
N
”
I
A
V
E
"

Y
E
A
R

I
I
J
S
O
.
3
I

"
I
t
“
.
P
I

I
N
A
A
“

Y
E
A
R

I I
I
O
I
‘
I
.
M
I
D
“
.

U
S
E

I I
I
J
W
.
I
I
A
”
Y
E
”

I
I
J
’
O
.
E
I
A
V
E
“

Y
E
”

2
0
3
,
0
.
3
I
m

Y
E
A
R

(
2
”
m
o
a
n

%
66

.‘I

o o o

O.“

.0 00

no.

0'36

90

M
S
“
:

I
I

I

M
E

J
I
W
E

O
I
M
E

S
I

60'

non

0..

0..

(III 0°

0... Ono-.0-~OQ-~-_--Coon-Ob-o-I-Ol-noofifioumoo-Qa-‘Ooon-c-OO-.I--.0-D.0-—----O

66 56

ou-n

o' .'
l0.

HRH

0°

.0.- -’--l----‘----.0-..-.I.‘-.I--.O-'.O-I~---.O-.I.O-O-.O--O--O-----.

OOOOOO

CO 0°60 00

284



285

NOTES ON MILLET/SORGHUM CULTIVATION IN THE CENTER

OF THE GROUNDNUT BASIN (ZONE 1)

Module 1: high level of intensification

Mechanized planting.

High use of fertilizers.

2 mechanized weedings with spring-tooth harrow set on a ”sine"

hoe or on a I'western" hoe.

1 thinning very well done.

Module 2: average level of intensification

Mechanized planting.

Average use of fertilizers.

2 mechanized weedings with spring-tooth harrow set on a "sine"

hoe or on a "western” hoe.

l thinning well done.

Module 3: low level of intensification

Mechanized planting.

No use of fertilizers.

2 mechanized weedings with spring-tooth harrow set on a "sine"

hoe or on a "western” hoe.

1 quick thinning.

Module 4: home gardens ("champs de case")

Mechanized planting.

Manure spreading.

2 mechanized weedings with spring-tooth harrow set on a "sine”

hoe or on a ''western" hoe.

1 thinning well done.

Module 5: late cultivation

Mechanized planting. This planting often follows a first

planting done according to the optimal crop calendar, but which

failed because of a lack of germination or an insect problem.

The farmer has to plant again at a later time. The seed cost

and the time required for planting are very low and are counted

only once.

No use of fertilizers.

l mechanized weeding with spring-tooth harrow set on a ”sine"

hoe or on a "western” hoe.

1 quick thinning.
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