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ECONOMIC AND FINANCIAL ANALYSIS
 

1.1. Introduction
 

During the 1970h commercial and food aid grain imports into
 
Mali, Mauritania, and Senegal increased by about 6.5 percent per year
 
from 334,000 tons in 1970 to 616,000 tons in 1979. By 1981, these
 
imports tot tled 705,000 tons. Over the same period, there was an
 
absolute decline in cereals production in each of the OMVS countries.
 
In addition, large year to year fluctuations in production, due
 
principally to variations in rainfall, caused there to be substantial
 
uncertainty among farmers as to whether or not they would have enough
 
to eat and for governments to know whether they would be able to import
 
enough grain, financed either out of their own meager resources or by
 
international food aid, to feed their growing urban populations.
 

Throughout this period, the vision of developing the Senegal
 
River Basin to become an adequate and secure source of food for these
 
countries became increasingly a reality. By 1981, financing had finally
 
been acquired for construction of two major dams - a salt water barrage
 
downstream at Diama and an upstream storage dam at Manantali in Mali.
 
With these dams scheduled for completion in the last half of the 198ts,
 
it became at last possible to envision substantive action to increase
 
and render more stable the domestic production of food.
 

Substantial problems remained, however, since the develop
ment of irrigation in the Basin had in previous years been fraught with
 
difficulty. Some of the more technical of thesec problems would be
 
eased by the exclusion of salt water from the Delta and lower Valley
 
and by the seasonal regulation of upstream flows. Other problems,
 
however, were economic, social, or managerial in nature, and these
 
were less amenable to solution.
 

Among these problems was the huge debt service burden that
 
the OMVS countries would face as a result of their borrowing for
 
construction of the dams. As of early 1982, loan committments totaled
 
$ 724 million. Terms were relatively generous; however, with interest
 
rates in most caseq no higher than 4 percent, grace periods of 5 to
 
10 years, and periods of repayment of 20 to 50 years. Nevertheless,
 
as the macroeconomic analysis later in this report shows, each of
 
the OMVS countries is currently facing a critical situation with
 
respect to its public finance and balance of payments situation.
 
It is highly likely, therefore, that even these generous terms will
 
have to be rescheduled in the future because the sums involved are
 
enormous for these countries given their current financial difficulties.
 

One point, however, is very clear. Constriction of the dams
 
is going ahead as scheduled regardless of whether or not the problems
 
of irrigation development are resolved. Actions to find solutions to
 
these problems, such as the OMVS Integrated Development Project, will
 
in no way influence whether or not the dams are to be constructed.
 
Furthermore, problems of debt servicing resulting from loans to build
 
the dams are irrelevant as far as downstream development is concerned
 
except insofar as there is a need to add no further to the governments'
 
budgetary burdens.
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It is on the basis of these assumptions that the economic
 
analysis of this report is based. Construction of the dams creates an
 
enormous opportunity for downstream development of about 350,000
 
hectares in double crop agriculture if the problems that have plagued
 
the development of irrigation in the past can be solved. Although it
 
would be desirable if agricultural development could contribute to
 
the paying off of loans on the dams, this is not essential since these
 
loans will be sunk costs to OMVS and its member countries. Only the
 
recurrent costs associated with dam operation and maintenance have to
 
be covered if the dams are to remain in use after they are completed.
 
Spread over a large enough area of production, these costs should not
 
be very great.
 

1.2. Regional Economic Analysis
 

The economic rationala for the regional nature of OVS's role 
in the development of the Senegal River Basin involves the historical
 
evolution of the region's economy, the changing economic environment,
 
patterns of marketing and comparative advantage, and infrastructural
 
and policy constraints on regional economic integration.
 

1.2.1. Evolution of the Region's Economy
 

Historically the Senegal River Basin has had two principle
 
economic functions. First, in an area of otherwise limited potential,
 
it has provided water for flood recession agriculture, grazing of
 
livestock, and fishing. Second, it has served as an avenue of trans
portation linking Saint-Louis on the Atlantic coast with the interior,
 
and particularly with the Sudanic economies of the middle Niger River.
 

With the imposition of colonial rule at the turn of the
 
century and the construction of the railroad linking Dakar with Bamako,
 
the orientation of the region's economy was dramatically changed.
 
Although the river continued to provide a valuable resource for
 
production, Lhe flow of agricultural products was diverted to the
 
railroad. The groundnut basin in Senegal and.large areas in western
 
Mali began to ship groundnuts to Dakar at the same time that urban,
 
and in some cases even rural areas, began to consume increasing
 
quantities of imported food, especially wheat and rice. A specialized
 
economy thus developed that traded efficiently along the lines of its
 
perceived comparative advantage but was dependent upon the world
 
market for much of its food.
 

During the early 1960's, two important economic changes took
 
place. First, with the breakup of the Mali Federation, linking Mali
 
and Senegal, rail shipments between Bamako and Dakar were severely
 
disrupted. This, coupled with the growth of Abidjan as a major urban
 
center and West African port, led to a reorientation of Malian trade
 
towards the south. The First Region of Mali was neglected and did not
 
benefit from investments in roads and other infrastructure as much as
 
other parts of the country. The second change was the expansion of the
 
mining industry in northern Mauritania, which supplied the government
 
with revenue and made possible the growth of Nouakchott as an urban
 
center. Mauritania, too, became increasingly dependent on imported
 
food as the economic center of the country shifted away from the
 
Senegal River.
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The years of drought starting in 1968 fundamentally disturbed
 
the region's economy. Large needs for imported grain, at the same time
 
that world food prices reached all time highs, caused the three
 
governments to recognize how far they were from self-sufficiency in
 
essential foods. At the same time, the macroeconomic situation in each
 
of the countries deteriorated sharply as governments budgets were
 
strained and balance of payments were increasingly in deficit. The
 
ability to purchase food thus declined and food aid, of necessity,
 
expanded.
 

Attempts had already been made for many years to develop
 
irrigation in the Senegal River Basin. Aside from the total water
 
control system at Richard Toll, however, most of these were modeled
 
on the controlled flooding polders of Indochina. This irrigation model,
 
developed in monsoon Asia, proved to be totally inapplicable to the
 
semi-arid conditions of the Senegal River Basin during the years of
 
,Irought. Flooding was late or inadequate, salt water intrusion from
 
the sea posed major problems, and numerous other technical difficulties
 
emerged. As a result, investment in irrigation was strongly reoriented
 
towards systems of total water control involving pumping and leveling.
 
This markedly increased both capital and operating costs.
 

The cost increase made it imperative to move towards double
 
cropping in order to spread these fixed costs over a greater quantity
 
of output. But double cropping was impossible in the Delta because of
 
salt water intrusion and would become increasingly difficult upstream
 
as greater demands were placed on the limited volume of water available
 
in the river during the dry season. In addition, the late arrival of
 
rains in the region and the lack of water for pre-irrigation severely
 
constrained the crop calendar and made imperative the introduction of
 
mechanized techniques of production on the heavier soils of the Lower
 
Valley and the Delta. These techniques, however, proved to be very
 
costly and placed a heavy burden on maintenance and input delivery
 
systems.
 

In the meantime, an alternative production model was being
 
introduced in the Middle and Upper Valley that involved the use of
 
highly labor intensive techniques on the lighter soils of much
 
smaller village perimeters. Because of the substitution of labor for
 
capital and the higher yields obtained, the small perimeters were
 
profitable compared with the large-scale schemes downstream. Another
 
reason for 1.his profitability was that the small quantities of
 
output produced were consumed locally and did not have to compete
 
with imported rice in the large urban centers. In constrast, the
 
greater surpluses generated in the Delta and Middle Valley were milled
 
and marketed at high costs and then sold at a substantial loss.
 

Despite the profitability and security offered by the small
 
perimeters, they have suffered from a number of constraints. First,
 
their size is too small to provide farmers with all the irrigated
 
land they can use. In addition, many of the best sites have already
 
been exploited. Extending existing perimeters and adding to their
 
numbers will require increased use of mechanical equipment for
 
leveling, diking, and canal construction. Capital costs will therefore
 
rise. Second, many of the existing and potential perimeter sites are
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badly, if at all, served by feeder roads and secondary transportation
 
links. This raises the costs of output evacuation and input delivery.
 

1.2.2. The Changing Economic Environment
 

There are a number of important changes currently underway
 
that will significantly affect the regional economic environment. Most
 
important is the construction of the Diama and Manantali dams. The
 
former will reduce or eliminate many of the salinity problems in the
 
Delta ; the latter will seasonally regulate upstream river flows and
 
provide some flood control. Both dams will permit double cropping and
 
allow most perimeters to be pre-irrigated, easing the agricultural
 
calendar constraint during the rainy season. In addition, river
 
navigation will be possible to a much greater extent than at present,
 
and electrical power will ultimately be available for downstream use.
 

The impact that river regulation will have on the potential
 
for agricultural development is very great indeed. Water will be
 
available to irrigate over 350,000 hectares. Double cropping will
 
lower unit costs, increasing the profitability of a variety of crops
 
and techniques. Pre-irrigation will reduce risks and eliminate much
 
of the need for mechanized techniques. Finally, the potential for
 
river transportation and electrification will add new dimensions to
 
the development of the basin.
 

A second way in which the economic environment is changing
 
has to do with the opening up of the Bakel-Gouraye-Kayes region. The
 
paved road along the river to Bakel is scheduled for completion in
 
1982. Another paved road is being extended from Dakar to the Malian
 
border and is finished as far as Tambacounda. Finally, the construction
 
of the Manantali dam itself will create employment and bring
 
additional income into the region.
 

As a result of these changes, attention is increasingly
 
being focused on the Senegal River Basin as an area of enormous
 
agricultural potential. Rational development of that potential,
 
however, will require a careful analysis of the costs and benefits
 
of economic integration within the region.
 

1.2.3. The Case for Economic Integration
 

The case for economic integration within the Senegal River
 
Basin rests on economic gains from two sources. The first is the
 
concentration of production in areas where costs are lowest; the
 
second is the development of an efficient marketing system.
 

1.2.3.1. Market Outlets
 

At present, production in the basin for export or for
 
industrial use is quite limited except for processing facilities
 
that mill rice, refine sugar, and can tomato paste, all for local
 
consumption. There is a great need for experimenting with and
 
studying other possibilities.
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Among the products that might be produced for export are canned
 
fruits and vegetables, dried vegetables, frozen fruit juice, dried
 
spices, and cotton. Both Nigeria and the European Community offer
 

.preferential markets for these exports.
 

The major consuming centers within the region are the
 
capital cities Bamako, Dakar, and Nouakchott. Each of these has a
 
large market for cereals. Annual grain imports for all three countries
 
averaged 572,000 metric tons during the 1970b, of which 241,000 tons
 
were rice and 162,000 tons were wheat. Imports of cereals have since
 
increased to close to 700,000 tons, and most of these are consumed
 
in the capital cities.
 

Regional centers, such as Ka~di, Kayes, and Saint Louis,
 
also consume significant quantities of grain, most of which is
 
imported. In addition, there are more limited markets in the smaller
 
towns and vitlages.
 

1.2.3.2. Production and Comparative Costs
 

At present, about 25,000 tons of paddy are produced in a
 
good year on the large perimeters of the Delta and lower valley,
 
compared with a similar tonnage on the small perimeters. Fams are
 
bigger on the large perimeters, however, contributing greater
 
surpluses for marketing despite their yields that average about
 
one half those of the small perimeters.
 

Production costs are much lower on the small than on the
 
large perimeters because of the more labor intensive techniques
 
used. They are also lower for paddy production in Senegal than in
 
Mauritania, where construction costs are very high. In Mali, on
 
the other hand, high costs of transporting materials from the
 
coast are offset by lower wage rates for labor. Although a few
 
years ago the cost of producing rice in the Office du Niger and
 
Operations Mopti and S~gou appeared to be lower than in either of
 
-the countries, Mali in recent years has not been able to satisfy
 
its own demand because of management problems, infestation by wild
 
rice, and other difficulties.
 

In the upper valley, rainfed crops appear to be more
 
profitable, if less secure, than irrigated rice during the rainy
 
season. Dry season maize and vegetable cultivation are also very
 
profitable in this area as long as the local market does not become
 
saturated at harvest time.
 

Livestock production is regionally specialized in a way
 
that relates little to national boundaries. Most of Mauritania and
 
the Sahelian areas of Mali and Senegal are areas of nomadic and
 
semi-nomadic pasturalism, where herd movements over long distances
 
in search of pasture are common and milk is the major output. No
 
other way of economically exploiting these areas has been found.
 
In the zones of higher rainfall, on the other hand, livestock are
 
more often owned by farmers, though they still may be taken away
 
from the villages on transhumance during the rainy season.
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Livestock productivity may be enhanced with agricultural

development because of increased availability of by-products, but
 
irrigation also restricts access to some of the best pasture. On
 
-balance, however, the possibilities of developing mixed farming

activities in higher rainfall areas probably outweigh the loss of
 
pasture, though gains and losses are usually not shared equally by
 
different ethnic groups.
 

Fishing is also an important productive activity that
 
contributes valuable protein to local diets. At present, the cost
 
of river fishing off St. Louis. Construction of the dams will
 
have an important impact on the fishing industry, involving the
 
loss of 30,000 tons a year. Only part of this loss will be offset
 
by increases in fish stocks in the Manantali reservoir. As a result,
 
the cost of river fishing should rise substantially. This will raise
 
the price of fish, in the middle and upper valley especially, and
 
will make the development of fish ponds increasingly profitable.
 

1.2.3.3. Marketing Systems
 

Marketing systems in the Senegal River Basin are both public

and private in nature. The public systems are largely national in
 
scope, whereas the private networks cross frontiers.
 

1.2.3.3.1. Public Marketing
 

Public marketing of agricultural production is undertaken
 
by specialized agencies in each country. These agencies have expe
rienced severe financial difficulties in recent years, however, and
 
the systems are consequently in the process of rapid change.
 

In Senegal, SAED purchases paddy along the river from
 
individual perimeters and ships it to Ross Bdthio, where it is
 
milled into rice. It is then transported to St. Louis and other
 
urban centers in the region, where it is sold to quota-holding
 
merchants. Little domestically produced rice is sent to Dakar.
 

The cost of rice delivered to St. Louis is about 122 CFAF!kg,

assuming that it is purchased from farmers at the official price of
 
51.5 CFAF/kg of paddy and is milled at Ross Bithio. Since the
 
official retail price is 105 CFAF/kg, SAED incurs substantial
 
marketing losses that must be subsidized by the Caisse de Pdrdquation
 
et de Stabilisation des Prix (CPSP) in addition to SAED's high

overhead costs and the subsidies it provides farmers on water delivery
 
and mechanized services. Until February 1982, the CPSP also lost money
 
on imported rice that was being officially sold for 80 CFAF/kg, as
 
well as on cther products and agricultural inputE, especially ferti
lizer. Since costs of marketing domestically produced rice increase in
 
proportion to the distance to the mill, SAED's incentive to purchase
 
paddy decreases as it goes upstream.
 

Marketing of cereals, fruits, and vegetables in Mali is the
 
responsibility of the Office des Produits Agricoles du Mali (OPAM).

Most of the rice consumed in Mali comes from the Office du Niger and
 
Operations Riz Mopti and Sdgou, in the central part of the country.
 
Additional rice imported by OPAM from Dakar passes through Kayes by
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rail, where some of it is offloaded for local consumption. OPAM does
 

not purchase cereals in the Kayes region, since it is a deficit area,
 

and therefore the official producer prices of 100 MF/kg for paddy and
 

90 MF/kg for maize are not effective. Furthermore, OPAM deliveries of
 

cereals to Kayes are insufficient to satisfy demand at the official
 

retail price of 210 MF/kg for broken rice and 116 MF/kg for millet,
 

sorghum, and maize. This to a large extent is because the margins
 

allowed OPAM are not adequate to cover its marketing costs, posing
 

severe financial difficulties. To correct this situation and to bring
 

official producer and consumer prices more in line with those elsewhere
 

in West Africa, the official price structure is currently being
 

adjusted through a food aid project.
 

The official marketing system in Mauritania is also in flux.
 

Paddy is purchased by the Office Mauritanien CUrdalier for 12.5 UM/kg
 

and is transported to Kaidi or M'Pourrie where it is milled, trans

ported to its destination, and resold to SONIMEX. In Nouakchott, the
 

wholesale price is 14 UM/kg. This is somewhat lower than the price of
 

imported broken rice. The difference between the wholesale price and
 

the cost to OMC is made up through OMC's profits on sales of food aid.
 

1.2.3.3.2. Private Marketing
 

Extensive private marketing networks pervade the region.
 

These, however, are only partially understood. In general, cereals.
 
on the private market appear to move from Dakar towards Bamako with
 

a steady upward progression of Drices. Broken rice was sellin in
 
1981 for about 316 MF/kg in Bamako, or 50 percent above the official
 

Malian retail price. The price in Kayes was 300 HF/kg. Maize also
 

flows from Senegal to Mali, and even Mauritania exports some cereals
 

in the direction of Kayes.
 

Vegetables, on the other hand, appear to flow in the
 

opposite direction. With the Bamako market saturated by local production,
 

vegetables are shipped by train from Kayes at least as far as Tambacounda.
 

Severe marketing problems are experienced, especially for perishable
 
comodities, when a substantial investment is made in transporting the
 

vegetables to market only to find that it is saturated and prices have
 
tumbled.
 

Livestock marketing also takes place across national frontiers.
 

Mauritania serves as a major breeding area from which animals are moved
 

on the hoof towards the major meat consuming centers on the coast and
 

the higher rainfall areas, where they are purchased by farmers to be
 

kept as a store of wealth. In some instances, cattle are used for
 

animal traction by farmers before being resold. There also appears
 

to be upstream movements of fresh and dried fish, which may compete
 

with meat as a source of protein.
 

1.2.3.3.3. Future Evolution
 

As development in the basin proceeds, the marketing
 
situation will involve as well. One of the major questions is whether
 

production in the major rice growing areas of Mali will recover and,
 

if so, what this will do to the direction of cereals trade and thus
 
the spatial structure of prices. This has major implications for the
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economic and financial profitability of production in various locations.
 
Although Mall has the ultimate potential to supply enough rice to meet
most of West Africa's excess demand, the problems that lie 
 in the way

of achieving that potential are sufficiently formidable that a reversal
 
of the existing direction of flow seems 
to be many years away.
 

A second question relates to the possibilities there are for
expanding vegetable production in the face of possible market saturation.

There is an urgent need to study prospects for vegetable processing and
marketing within the region, as well as 
to investigate possibilities for
 
export to other countries.
 

Another question relates to 
the effect that completion of the
road from Dakar to Kayes, as well as linking that road with the road

along the river from St. Louis, will have on the movement of goods and
services. It is likely that this will open up the Bakel-Gouraye-Kayes

region and could lead to an increase in its importance as a mixed
farming area supplying less favored regions with food. In addition,

these transportation improvements will greatly facilitate the flow of

equipment, spare parts, fuel, fertilizers, and other inputs into the
region. The effectiveness of this opening up process will depend,
however, on the extent to which a free flow of goods and services can

be achieved among the countries of the region.
 

Farther downstream in the Delta and lower valley, a more
specialized type of agriculture will likely be developed. To the
 extent that costs can be reduced, this may involve production of rice,

and possibly wheat, for consumption in the major cities. The area's

comparative advantage probably lies, however, with other crops, such
 
as cotton, spices, fruits, and vegetables.
 

The area with the greatest potential for profitable cereals
production is the middle valley. Here a combination of large flat areas

of flood recession land and reasonably high population density implies

that irrigated rice can be grown on a large scale using relatively

labor intensive techniques. It is essential, however, to develop a
prototype production system that will combine the economies of scale

involved in large perimeter construction with the more effective
 
incentives offered by the small perimeters.
 

1.2.4. Factors Inhibiting Regional Economic Integration
 

The chief factors inhibiting greater regional integration

are lack of transportation infrastructure and public policies

discouraging the rational flow of goods and services across national
 
frontiers.
 

1.2.4.1. Transportation Bottlenecks
 

Transportation bottlenecks in the Senegal River Basin abound.
The only area well served by roads is the left bank of the river from

St. Louis almost to Bakel, and even this area needs more and better
feeder roads, though these may be hard to justify economically for
 some time. In addition, the road from Tambacounda to the Malian
 
frontier must be completed and Bakel must be linked with this artery
 



by a better road. Feeder roads near Bakel should also be improved as
 
the volume of potential traffic warrants. On the Mauritaniaside,
 
Boghi will soon be connected with Nouakchott by good roads, but
 
other secondary roads in the region are very poor and all-weather
 
feeder roads are almost nonexistent. The First Region in Mali lacks
 
both an all-weather primary road linking Kayes with the Senegal border
 
and feeder roads connecting that road with the villages along the river.
 

The railroad from Dakar to Bamako is in poor condition and
 
needs locomotives and rolling stock. Long delays are common. Some
 
upgrading will take place and new equipment will be ordered, but the
 
major role of the railroad will be to carry bulky minerals and long

distance freight between Dakar and Bamako. Hauling general freight

along the route is discouraged, though backhaul towards Dakar may-be-..
 
possible.
 

River transportation infrastructure is very inadequate.

There are only two operational ferrys and little in the way of barges
 
or port facilities. Most transportation is by pirogue, and even this
 
is limited in many areas to only a few months per year. Once the
 
Manantali dam is in place, however, the potential for river trans
portation will be greatly improved, and this may be an important

supplement during the rainy season to the use of existing feeder
 
roads during the dry season.
 

1.2.4.2. Policy Constraints
 

There are numerous ways in which public policies act as
 
constraints on the rational economic integration of the SRB. These
 
include price and subsidy policies on outputs and inputs, trade taxes
 
and controls, official marketing and input distribution procedures,
imigration laws, foreign exchange controls, and regulations regarding
 
credit and banking.
 

The previous discussion of public marketing systems referred
 
to producer prices in the three countries that are not all the same.
 
Similarly, there are different prices for fertilizers and other inputs

delivered by the RDAs. These artificial price variations result in
inefficient allocation of resources. Fertilizer sold in Senegal at a
 
lower price than inMauritania, for example, is smuggled across the
 
river rather than being used in the dosages prescribed by SAED.
 

Trade taxes and controls inhibit the flow of goods and
 
services from areas inwhich they are most efficiently produced to
 
those inwhich demand for them is greatest. All three countries, for
 
example, presently have an embargo on exports of grain. When pasture

conditions are poor, Senegal limits the movement of animal into the
 
country from Mauritania. Imports from outside the region are also
 
restricted to varying degrees, raising private market prices above
 
official levels and causing price differentials that are unrelated
 
to real economic costs and benefits.
 

In Mali, the low producer price for rice that pertained

until recently contributed to the decline in production and official
 
sales by the Office du Niger and Opgrations Riz Mopti and Sigou.
 



Further measures that need to be taken include
 

5. improvement in road and river transportation ;
 

6. coordination of efforts to build up food security stocks
 

7. coordination of agricultural research and dissemination of the results ;
 

8. management of the river flows to harmonize the interests of the
 
three countries with respect to irrigated agriculture, river
 
transport, generation of hydroelectrical power, flood control, and
 
fishing ;
 

9. joint planning and distributing of the financial burden to the
 
three countries of the construction, operation, and maintenance of
 
co-mmon infrastructure in the region ; 

10. 	harmonization of policies related to preventing, controlling,
 
enhancing, or compensating for the effects of development in the
 
basin on the environment and natural resource base.
 

Although not considered explicitly as part of the project, OMVS will
 
take the lead in studying these further measures with the aim of
 
taking appropriate action as soon as possible.
 

1.2.6. OMVS as a Mechanism for Planning and Policy Reform
 

It is evident from the preceding analysis that coordinated
 
planning and policy reform within the OMVS countries is a major

requirement for rational and efficient development of the Senegal

River Basin. Given the very limited resources of the countries
 
concerned, it is essential that development proceed along these
 
lines. Experience thus far, however, has not resulted in such an
 
integrated approach.
 

The only way in which coordinated planning and policy

reform can be induced is to have some kind of institutional mechanism
 
that will force the-member countries to view the development of the
 
SRB in an integrated way. OMVS is such a mechanism, but its capacity

for this type of planning and analysis is at present very limited.
 
A major objective of the project will be to strengthen that capacity

and to assist OMVS in embarking on a program of planning and study,

focused at first on the upper valley, that will lead to the
 
generation of further investment opportunities and to the analysis

of policy changes required for rational and efficient development.
 
Although there is 
no abuolute assurance that the netional governments

will follow though, the case will have clearly been made, donors will
 
be in a better position to coordinate their positions regarding these
 
issues, and pressures for appropriate action will increase.
 

1.3. Country Economic Analysis
 

1.3.1. Mali
 

1.3.1.1. General Economy
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Despite being a landlocked country with a relatively poorresource base and a per capita inco= of only $ 159 in 1978, theMalian economy has gra at an average annual race of 3.5 percent
over the past two decades. Nevertheless, there have been largefluctuations in Mali's economic performance, largely associated withvariations in rainfall since 40 percent of Mali's GDP originates inthe primary sector, and moat of the rest of the economy is involvedin transforming or marketing primary sector output.
 

Governent plays an important role in Mali, partly because
of its history of socialism during the 1960s. This has resulted inan inflaced civil service and a nmber of inafficient public enterprises, both acting as an important drain on the country's resources.
The public sector has banafittd in the past from French budgetary
support and access 
to foreign exchange from the operations accountof the French Treasury as part of the French guarantee of thecouvertability of the Malian franc. Nevertheless, the Maliangovernent has been under great pressure in recent years to reduce
its levels of public expenditures and to eli-ate 
 the drain of 
public enterprise losses.
 

1.3.1.2. Food and Agriculture
 

1.3.1.2.1. Agricultural Production
 

Domestic Malian agricultural production covers about 95
percent of its consumption needs. Most of Mali's 2 million cultivatedhectares are rainfed, with about 10 percent under irrigation. Cereals
 are generally produced in a traditional maner without benefit of
modern tools or fertilizer,. Large fluctuations in production due to
changing weather conditiona have caused the governent of Mali to

pLace increasing ephasis on irrigation.
 

The following table shows cereals production and marketing
from 1971/72 through 1979/80, with a forecast for 1980/81.
 

Table a*11 Cereals Production andMarketing
o*
• Forecast.


Production 
-- • 


1971/72 1977/78 1978/79 1979/80 
 1980/81
 

Millet, sorghm, ae 
Area (ha) 1400 1240 .L345
Output ('000 tone) 771 942 

1405 1275

1006 768
Yields Ckg/ba) 551 760 700
748 547 
 549
 

Rice 
Area (ha) 182 170 
 220 190
Output ('000 tons) 102 175


130 162 
 86 75
Yield ('g/ha) 560 765 736 453 
 429
 

Total ('000 tas) 
 873 1072 1168 
 854 775
 

Official Marketinx (OPA)
 

Millet, sorghum, maix9 30.5 37.4 48.9 24.9 
 29.4
('000 tons)
 

Ries 28.5 39.8 
 38.2 35.8 
 40.5
of which: Office du
 
Niger 
 ..
.) (24) (31.1) (30.9) (34.0) 

Total 59.0 -47.4 16.4 
 60.7 69.9
a Z of . 
Production 6.8% 7.OZ 10.0% 7.1% 9.0% 



13 

From this table, it is clear that production of millet,

sorghum, and maize has remained relatively constant over the past

decade despite a growing population. Even more disturbing is the
decline in rice production, most of which is produced in the Office
du Niger, under conditions of total ,ater control, and in the

.controlled flooding perimeters at Mopti and Sigou. Although some

•;f this decrease may be due to inadequate rainfall and unsatisfactory
flood conditions, much o.it is because of poor management 9, these
publically operated schemas. Official marketing is limited-because
of past low producer prices and becau."OPAM, the public marketing

agency, has experienced financial and administrative problems in
 
recent years.
 

The major cash crops in Mali are cotton and groundnuts,
which generate two-third of its earnings of foreign exchange. Cotton

production, which grew rapidly during the 1960's and early 197ds, hasstagnated ai about 135,000 tons per year since 1977/78. Production
of groundnuts has fallen to about three quarters of its. level in

1971/72. In addition, recent lower world market prices coupled
with higher producer prices and marketing costs have drastically
reduced the Malian's government's ability to tax these exports. 

The livestock sector in 1980 accounted for about 18 percentof GDP. This sector is an important source of export earnings but isdifficult for the government to effectively tax. Cattle in Mali are
used extensively for animal traction cultivation, and there is
evidence in some areas of further advances towards mixed farming. 

1.3.1.2.2. Consumption
 

With a total population in 1980 of 7 million people, Maliis estimated to consume approximately 1.13 million tons of grain peryear, or 162 kg per capita.(1) Of this, 74 percent or 839,000 tons
 are millet/sorghum, 13 percent or 147,000 tons are rice, 8 percent

or 90,000 tons are maize, and 5 percent or 56,000 tons are wheat.Total grain consumption is expected to grow to 1.8 million tons by1990, broken down into 1,260,000 tons -f millet/sorghum, 270,000 tons
of rice, 162,000 tons of maize, and 108,000 tons of wheat. 

The two most important markets as far as the IDP project
is concerned are Bamako and Kayes. The following tonnages of

millet/sorghum/maize and of rice are estimated to have been consumed

in. each city in 1980 and are projected to be consumed in 1985 and 1990 

(1) FAD, National and Regional Security Grain Stock in the Sahel,
Annex VI : Marketing, Rome : 1980.
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Table n 	2 Consumption of Cereals inBamako and Kayes
 

Bamako KAY4T 1 

Millet/Sorghum/itaise Rice Millec/Sorghum/aize Rice 
1980 	 12,000 33,200 
 430 1,782
 
1985 16,830 46,563 
 523 2,168
 
1990 23,610 65,313 
 636 2,638
 

It is evident from the table that Banako is by far the larger of the
tw markets and that it is growing rapidly. Given the problems
encountered in producing rice in recent years, Mali is likely to have 
to depend 	 increasingly on imported grain. 

1.3.1.3. Trade and Marketing 

1.3.1.3.1. 	External Trade
 

Cereals imports into Mali 
are the monopoly of the state owned.Office des Produits Agricoles du Mali (OPAM). The following table.

shows Malian cereals imports from 1970 to 1980/81.
 

Table n' 3 Malian Grain Imorts 

1970 i971 
1972 1973 1974 1975 1976 
1977 1978 1979 1980/81
 
Food Aid 
 - 129 200 74 - 58 10 20
 

Co rceal 32 64 74 30 
 32 46 28
32 10 38 62
 
Imports 

32 64 74 159 232 120 32 28 68 48 82
 

Source: 	 FAD National and Regional Security Grain Stocks in the Sahel, 

Annex VI: Marketing, Rom: 1980, pp. 64-65. 

These consumption estimates for the city of Keyes may be compared
with the following quantities of cereals delivered to Keyes 	 by OPAM from
September 1980 through August 1981: 

Imported maize 871 tons local broken rice 546 tonslocal maize 20 tons 	 local 40% broken rice 16 tonemillet 184 tons local 25% broken rice 813 tons
 
imported broken
 

rice - 1180 tons
 
Although scas of this grain is probably consumed in Keyes, much of itis undoubtedly diverted to the parallel market and sold throughout theregion at 	higher than official prices. 
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During this period, Malian imports represented about 9% oftotal domestic cereals production.(1) Average imports of wheat duringthe decade were 22,000 tons/year, of maize 14,000 tons/year, of rice

22,000 tons/year, and of millet and sorghum 28,000 tons/year.
 

By 1982, import quotas for about 25,000 tons of rice were
being planned to cover the gap between consumption and production.
This was thought to be roughly offset by an export surplus of maize.It appears that this surplus is being transported clandestinely tothe Ivory Coast, however, since ccreals exports from Mali are
officially prohibited. Furthermore, it is unlikely that these rice
imports will be sufficient to maintain 
 the free market price of riceat the official retail level. As 
a consequence, additional rice, and
perhaps other cereals, will u-idoubltedly be imported on the parallel

market.
 

1.3.1.3.2. Public Marketing
 

A. Background
 

Until recently, OPAM was also responsible for all the
purchases and sales of cereals in the country. Designated regions
were obliged to sell set quantities of rice and millet to OPAM,
which, in turn, was responsible for its redistribution and sales
 
to cereal deficit areas, urban consumer co-operatives, the army,
hospitals, and schools. Those regions and organizations that were

to receive OPAM cereals were selected annually by a group of
 
ministerial advisors.
 

In general, the buying and selling prices OPAM used for
these cereals were low, with a very 
narow margin between the two.This put an increasingly heavy financial strain on OPAM. In addition,the Office de Regularisation at Surveillance des Prix (ORSP) wasresponsible for supplying the subsidies for the cereals marketingprogram, but the expected surplus from the exports sales of cottonand peanuts that was to be used to cover the losses in the cereals 
program was often not available. Instead, these surpluses weredrawn imadiately into the banking system, from which all otherpublic agencies (SONIMEX, ORSP, OPAM, etc.) drew advances, most ofwhich were not repayed. The only source of funds external to thissystem was French budgetary support, but this was very tightlycontrolled and money reloaned state agenciesto was disallowed.
Because of these difficulties, the entire cereals marketing program

risked going bankrupt. 

B. CurrentMarketing Program 

For the 1980-81 production season, the Malian government
formulated a new cereals policy with the view of liberalizing and 

(1)It should be noted that the proportion of grain imports to
domestic consumption is below 10 percent in all the landlocked
Sahelian countries, while in the coastal countries it ranges
from 28 percent in the Gambia to 92 percent in Cape Verde.
 



redesigning the market for imported and domesticallyThis policy has as its ultimate Produced grains.to reflect goaltheir the raalirmetrue economicachieve this goal, 
costs ove: a period of cereals price

OP4-'- marketing of 5years. Tothat agency o=opolyhas been given has been abolished andstabizat the responsibilit
through of simplythe management of a cereals 

assuring priceThe actual marketing of cereals has been 
ecurzt7 stockpile.merchants who turnedare licensed by over to privateSale of foreign food aid 

the State. Couaterpart funds fromto a are thelevel that con.forms 
to be used to increase Producerto the pricesproducer prices costs of Production andin neighboring to levels ofzatie countries.of the cereals The progresive liberalimarket is outlined in the following tables.

Tableno4 Malian Producer Price 

Liberalization Plan1980/81to 1985/86
 
Millet/Sor hum/aze (H/kg)
 

-Tea SalesPro-,cer Price FinaaiSelling Cot TotaL Coast ce1980/81 70 
Needs 

1981/82 6080 130 
 85
80 45
1982/83 160
92 105
80 55
1983/84 172
105 135 
 37
1984/85 80
120 185 
 162
1985/86 80 23
140 200 
 190
80 10
220 
 220 

Paddy/Riia (Riz Halien 

0
 
40Z broken) (fM/kg)


1980/81 

1981/82 

75 
125


110 200 

1982/83 130 200 0


130 240 

1983/84 160 

130 260 
220 20
 

1984/85 130 240 20

180 290 


1985/86 130 270 20

200 310 
 300
130 10
330 
 330 
 0
These Prices 
may be copared to producer prices for cereals from
1974 to 1979.
 

Table a5 

Halian Producer Prices (F/kg)
Cereal 

4/75 1975/76 197 /77 197 /78 1978/791979/80l let/sorghum/Mai, 
32 
 32 
 32 
 36 
 40 
 50
 
40 
 40 
 40 
 45 
 50 
 60
Source : OPAH.
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The affect of this change in price policy is expected to result in the
purchase of 40,000 tons of millet, sorghum, and maize and 55,000 tons of 
rice a year.
 

In 1981/82 there was a slight divergence from planned official 
retail prices and those actually officially practiced. For millet,
sorghum, and maize, the retail sales price was 116 FM/kg instead of 
105 FM/kg, and for rice (40% broken) it was 230 FM/kg insted of 220 FM/kg. 

The cost of rice purchased from the Office du Niger in that 
year (1981/82) is broken down as follows. 



18 Table n' 6 


Cost Breakdown of Rice at the Office du Niger 1981/82 (FM/ton)
 

Paddy milled: 45,OOOT
 

Rice outturn: 62% or 27,900 T
 

Category 


Producer price 


Drying losses (7Z) 

I 

Collection charges 


Financial charges 


Sacking & string 


Transport-& loading to mill 


Extension costs 


Overhead expenses 


Storage treatment 


Cost at mill Gate 


Rice equivalent (52%) 


Milling costs 


Value of By-products 


Cost ex-mill 


Transport/loading mill-dock 


Cost at dockside 


Subsidy OSPR 


OPAM buying price 


Amortization of sacking machine 


Financial charges (6%) 


FM/ton
 

100,000
 

7,000
 

5,325
 

1,350
 

5,129
 

3,424
 

5,573
 

8,912
 

500
 

137,213
 

221,310
 

13,145
 

234,456
 

-2,700
 

231,756
 

9,227
 

240,983
 

-20,000
 

220,983
 

PM
 

13,159
 

Weighted average transport costsl7,469
 

OPAM tax 
 9,500
 

Consumer price 265,211 FM/ton*
 

Weighted average price for all qualities of locally milled rice: whole
 
grain 300 FM/kg, 25% brokens 290 FM/kg, 40% brokens 230 FM/kg, 100%
 
brokens 210 FM/kg.
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°
Table n 7 

A similar cost breakdorm for coarse grain cereals is: 

Cost Breakdown of Public Cereals Marketing Operations in 1981/82 (FM/ton)
 

Cost Category Millet/Sorghum Maize
 

Producer price 85,000 
 90,000
 

Local collection cost 5,890 5,890
 

Transport losses (0.5%) 425 
 450
 

Financial charges 2,550 2,904
 

Storage fosses (0.5%) 
 425 450
 

Economic cost FGR 94,290 99,694
 

Collectors' commission 
 4,715 4,985
 

Costs at FGR 
 99,005 104,679
 

Pickup & loading charges 7,360 7,360
 

Transport losses (0.5%) 
 425 450
 

Economic cost Cercle level 106,790 112,489
 

Commission 
 5,104 5,375
 

OPAM price Cercle level 111,894 117,864
 

Storage & distribution losses 1,687 
 1,768
 

Cereal protection costs 800 800
 

Amortization sacking machine 2,070 
 2,070
 

OPAM tax 
 11,400 11,400
 

Weighted transport costs 17,469 
 17,469
 

Financial charges (6%) 8,718 
 9,082
 

Economic cost 154,029 160,453
 

OSRP subsidy 0 
 -6,425
 

Wholesale price 154,029 154,029
 

Retail margin 4,000 4,000
 

Retail cost price 158,029 158,029
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Despite these costs amounting to 158 FM/kg, the 
retail price for millet, sorghum, and maize for 1981/82 was fixed at116 FM/kg. Thus it was virtually impossible for OPAM to operate withoutoffsetting profits from sales of food aid. Limits on this aid, however,have prevented OPAM frcm supplying enough cereals to clear the marketat official retail prices. Thus private sector marketing in Mali is 
very active. 

1.3.1.3.3. Private Marketing 

Prior to the reorganization of the cereals marketing programprivate traders had no legitimate ,role in the purchase or distributionof cereals. There is no doubt, however, that they were actively involvedin important clandestine purchases and sales. Some estimates have placed
the level of these "free market" transactions at 70 - 80 percent ox allmillet, sorghum, and maize sales and 30 percent of all rice sales. Sincemuch of the millet and sorghum is consumed in the producing areas, theseprivate purchases amounted to about 15 or 20 percent of total production.The sales of paddy or rice from the large state-operated perimeters havebeen more carefully controlled because farmers are often obliged
settle input debts in kind. 

to 

In an effort to turn flagging cereals production around andprevent large clandestine exports, the Malian government has decidedto realign its producer and consumer prices and allow greater participation of private traders in cereals marketing. Under the new system,private traders and marchants are licaused by the state to buy,distribute, and sell locally produced cereal grains. But this doesnot yet constitute a wholly free market for cereals because traders
 are obliged to conduct their transactions at officially designated
prices at both the producer and consumer levels. Over a 5-year period,these two prices are to be brought increasingly in line with oneanother so that the large ORSP subaidies will ultimately be removed.These prices are also being aligned with prices in neighboring countries. 

Until such time as these prices are fully aligned, however,unlicensed traders will undoubtedly continue to operate at prices
determined by demand and supply 
on the private market. The table belowcompares the official retail prices for several cereals with thoseactually practiced in Bamako and Kayes in 1981/82 - two years into
the price realignment program.

' Table n' " 
.8_

0Tlcial and Actual Retail Prices for Cereals in B-mako/Kayes 1981/82 (M[kg) 

Retail Actual Price Actual Price
Product Official Price 
 Bamako Kayes 

MUilt 116 
 190 
 -

Sorghum 116 172 
 150
 

Maise 116 
 325 
 2503 

Rice (CM40) 230 30043162 


1 1981 Calendar Year 

2 8 months only 1981 

3 Corn flour
 

4 Imported whole grain from Senegal. 
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The divergence between official and free market prices
quite substantial. In 1979, the average market price 

is 
for millet was

194 FM/kg, sorghum 306 FM/kg, corn meal 250 FM/kg and rice 306 FM/kg,
so the existing situation has persisted for some time. These retail 
prices may be compared with the cost of imported cereals, shipped to 
Bamako from Dakar via rail, of 283 FM/kg for rice, 175 FM/kg for

.maize, and 172 FM/kg for sorghum. The supply of maize, especially,
 
appears to be quite restricted, raising its price on the private

market.
 

1.3.1.4. Macroeconomic Situation
 

1.3.1.4.1. National Income, Savings, and Investment
 

The pattern of eaonomic growth in Mali over the past decade 
has been one of stagnation, as suggested in the following table 

Table 9 SelectedHacroeeonomic- Ind-icators 

1972 1978 1979 1980
 

GDP in constant 1980 prices 

Total (billion MP) 386.2 504.9 559.9 553.3
 

Per capita ('000 MP) 73.4 87.3
81.0 83.8
 

Agricultureas a share of 34.8 31.6 33.0 32.3 

GDP (Z) 

Despite some fluctuations, due primarily to variations in
rainfall, GDP per capita has changed little since 1972, a particularly
bad year of drought. Agriculture continues to account for close to

one-third of total GDP, about evenly divided between cultivation and
 
livestock.
 

As shown in the following table, consumption in Mali equals
virtually all of GDP, with domestic savings in recent years amounting

to less than 5 percent, partly because of a growing public sector 
deficit. As investment has increased since the early years of drought,
the resource gap has grown tc close La 20 percent of GDP. Mali is
heavily dependent on foreign aid to fill this gap. 

Table 10 Consumption, Investment, Domestic Savings and the Resource 
Gp as aPercentage of GDP
 

()
 
1972 1978 1979 1980
 

Consumption/GDP 93.6 90.1 95.5 
 97.3
 

Investment/GDP 15.9 30.3 23.6 22.0
 

Domastic Savings/GDP .6.4 9.9 4.5 2.7
 

Resource Gap/GDp -9.5 -19.1
-20.4 -19.3
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3.3.1.4.2. Prices, Wages, and Employment
 

Since 1977, a weighted average of controlled and market food 
prices inMali has increased at 14.7 percent per ann,-. As seen in the 
table below, market prices, especially for cereals, fluctuate much 
more than those that are officially controlled. Nevertheless, both 
have increased considerably in recent years. 

Table 11 Prices Indexes for Cereals and for Food
 

(1977 - 100) 

1977 1978 1979 -- 1980
 

Cereals and Starch
 

Controlled 100 Ill 124 146
 

Market 100 145 15 156 

General Index
 

Controlled 100 121 135 154 

Market 100* 133 128 156 

p Prices controls are maintained on cerr-ain essential goods
primarily as a means of reducing demands for wage increases by
public sector employees. Shortages of these goods from officially
sanctioned sources of supply, however, result in consumers having
to make some of their purchases on the private market. Despite several 
incrases in nominal wages during the past faw years, more rapid price
increases have meant that real wages have declined. Public sector 
employment, however, has continued to grow at 6.5 percent per annmI,
reflecting the government's status of employer of last resort. This 
has created budgetary problems for the government despite the decline 
in real wages. 

1.3.1.4.3. Public Finance
 

Consolidated government financial operations for 1976-1981 
are given in the table below. These comprise those of both the 
central government and a number of extrabudgetary operations,
including various semi-autonomous rural development agencies and the 
Price Regulation and Stabilization Office, which is supposed to 
equilibrate the taxes and subsidies assessed on different agricultural 
accouuts. 

It is clear from the table that current expenditures have 
grown more rapidly than revenues, resulting in an evergrowing need 
to finance recurrent expenditures. This has put an increasing strain 
on the domestic financial system, resulting in greater reliance on 
foreign budgetary asaistance and a build up of p.=men arrears by the 
Treasury and the Autonomous Amortization Fund, rsponsible for
 
repayment of the foraign debt.
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Table no 12 
 Public Financial Oparations
 

(billion MF)
 

1976 1977 1978 1979 1980 1981 a 

Revenue 36.8 48.4 52.3 54.9 59.4 68.6 

Current Expenditures -45.9 -53.7 -60.8 -71.0 -79.7 -83.7 

Current Surplus -9.1 -5.3 -8.5 -16.1 -20.3 -15.1 

Surplus on Extra- -24.4 -30.1 -42.4 -56.0 -53.8 -67.0 

budgetary Operationsb 

Investable Surplus -33.5 -35.4 -50.9 -72.1 -74.1 -82.1 

Capital Ependituresc -2.3 -3.1 -3.4 -3.7 -3.7 -4.4 

Overall Surplus -35.8 -38.5 -54.3 -75.8 -77.8 -86.5 

Financed from 

External 31.5 39.3 50.0 64.2 73.4 82.7 

Internal 4.3 -0.8 4.3 11.6 4.4 •3.8 

Notes:
 

a Estimated or projected. 
b Includes the Road Fund, Social Security Fund, Price Regulation
 

and Stabilization Office, Autonomous ,%mrtization Fund, National 
Forestry Fund, National Transport Offtce, and various rural 
development project agencies.
Does not include capital expenditures included in Extrabudgetary 

Operations.
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Added to these deficits are those of the extrabudgetar7 
entities, which more than doubled during the last half of the 1970s. 
A large part of these deficits, however, consists of project 
expenditures financed by external grants and loans on concessional 
terms. Although some of these expenditures are capital investments, 
others that are operating expenses are likely to result in a 
considerable recurrent cost burden once the projects have been 
completed. 

1.3.1.4.4. Money and Banking 

The Malian financial system operates withing the framework 
of a monetary agreement with France, signed in 1967, whereby France 
agrees to guarantee the convertibility of the Malian franc and to 
provide overdraft facilities to the Central Bank of Mali with the 
French Treasury. In return, controls are imposed on credit furnished 
by the Halian banking system. 

The mousy and credit situation in lali is shown in the 
following table. 

Table n* 13 Honey and Credit 

(binionMF; end of period) 

1976 1977 1978 1972 1980 

Foreign assets (net) -102.5 -92.3 -95.9 -103.9 -112.4 

Domestic credit 194.9 203.3 241.0 270.2 287.7 

Honeand quasi-money 

Currency in circulation 45.0 54.0 61.4 76.3 81.2 

Demand deposit. and 32.3 39.7 51.0 53.1 56.6 

deposits with the Portal 

Checking System 

Quasi-soney 1.5 2.4 6.0 6.7 6.6 

It is readily apparent that Mali has accumulated a large foreign debt, 
principally by drawing on its overdraft facilities with the French 
Treasury. While the expansion of this debt has been limited in recent 
years because of French resistance, there has been a market increase 
in domestic credit and the money supply, contributing to an inflation 
rate of almost 15 percent. Nevertheless, credit restrictions in Mali 
have in the last few years been tightened, resulting in a deceleration 
in the growth of money and credit at the end of the period. 
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Table n" 14 
 Balance of Payments
 
(billion MF) 

1972 1978 -"979 1980 
Current Account 

Ezports 23.3 50.1 62.7 86.7 
Imports -35.6 -92.8 -107.0 -137.2 
Balance of Trade -12.3 -42.7 -44.3 -50.5 
Net Services and Private Transfers -8.0 -32.5 -43.9 -44.8 

(of which interest snthe 

public debt) a (-3.8) (-3.7) (-4.2) 
Current Account Balance -20.3 -75.2 -88.2 -95.3 

Capital. Account 

Official Transfers 10.1 46.9 45.4 45.8 
Public Sectora 3.5 17.8 24.7 36.1 

(of which amort:zation on 

public debt) (n.a.) (-2.2) (-3.4) (-3.6) 
Private Sector 0.5 5.7 7.5 8.6 
Capital Account Balance 14.1 70.4 77.6 90.5 

Overall Balance of Paymentab -4.1 -9.0 -9.7 -10.4 

Notes:a Includes nonmonetary public sector capital receipts and all
nonmonetary capital payments, a small proportion of 
hich my

be private. 

bMay differ from the sum of the current and capital account
balance becaue of errors and omissions.
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The table shows clearly the growing imbalance of trade 
that
 

has occured since the early 1970s as a result 
of an almost fourfold
 

increase in the value of imports at the same 
time that exports
 

expanded somewhat'less rapidly. Most of the growth of exports was due
 

to cotton, the share of which increased from 
about one quarter of
 

total export value in 1972 to close to one 
half by 1980. Livestock
 

exports also increased very markedly, especially 
during the last
 

years of the decade. Groundnut product exports, 
on the other hand,
 
1972 to 1980. 

declined from 17 to 2 percent of the total from 

Of almost equal importance has been the deterioration 
in
 

the services account. Most of this is due 
to increased cost of
 

freight on merchandise trade resulting from 
rising world petroleum
 

prices. Interest payments on the public debt 
accounted for only a
 

small part of this deterioration.
 

The current account deficit has been financed 
to a large
 

an 
extent by official transfers, of which food aid has been 

inflows have grown very
important component. In addition net capital 

long term infrastructure and agricultural
rapidly, partly to finance 
projects, but also including budgetary subventions, 

particularly
 

from the French. Debt repayment was negligible 
because of the
 

highly concessionary terms of almost all of 
Mali's external borrowing.
 

1.3.1.4.6. Exchange and Trade Policy
 

to the French franc at the
The Malian franc is pegged 

There are no taxes or subsidies on purchases
- 0.01.
rate of MF 1.0 

and sales of foreign exchange and the system 

is free of restrictions
 

on payments and transfers for current international 
transactions,
 

especially with respect to all countries whose 
bank of issue is
 

linked to the French Treasury by the Operations Account. 
Capital
 

movements between Mali and Operations Account 
countries are free of
 

exchange controls ; transfers to all other 
countries require
 

exchange control approval.
 

An import licensing system was introduced in 
1977 that
 

distinguishes between various categories of 
products and provides
 

preferences for goods originating within the 
West African Economic
 

Community (CEAO) and for basic necessities, not reserved 
for state
 

monopolies, from the European Coummunity. Other 
products are subject
 

to import quotas. Exports must be either licensed 
or certified,
 

and their proceeds must be repatriated and surrendered. 
Exports
 

of cotton and groundnuts are reserved for SOMIEX, 
and OPAM has a
 

legal monopoly on imports of cereals.
 

1.3.2. Mauritania 

1.3.2.1. General Economy
 

The Islamic Republic of Mauritania, with a per 
capita income
 

of $ 350 in 1979, is not generally classed among the poorest countries
 

of the world. This average, however, hides the 
fact that much of
 

Mauritania's income is derived from its mineral resources, the
 

benefits of which are not received by most of 
the people. The standard
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along the Senegal River, a small section of the Guidiwaka where
higher precipitation allows for rain!ed cultivation, northern oases,
and seasonal lakes and ponds where flood recession cropping is
possible. Just north of the riverine agricultural zone lies
agro-pastoral zone, which is particularly rich in the eastern
an
 

part of the country. Because of the extent of this
herding is latter zone,
one of the principal economic activities in the country. 

Along the Senegal River, farmers produce rain!ed millet
from July to October and flood recession. sorghum and maize fromNovember to March. Rice is also groun under irrigation inincreasing annumber of areas along the rver bank, and most villages
no have a garden. 

The irregularity of rainfall and of river flooding have
Meant that average yields are generally lowand sorghum grown on : 400 kg/ha for milletflood recession lands and 300 kg/ha for milletunder rain! ed conditions. Paddy, on3.5 and the other hand, yields between5.5 tons pwr hectare because irrigationIn. a is fully controlled.good year, Mauritania produces 50,OCO tons of millet andsorghum, but this figure has been reduced
during drought years. Rice 
by as much as 66 percent
and maize production each averages around
6,000 tons year.a Some wheat and barley is also produced in Oases
areas, though most of this is consumed on site.
 

The following table sets out Mauritanian cereals production
from 1974/75 to 1978/79 and 1980/81.
 

Tablen" 15 Mauritanian Cereals Production 

(mtr:c tons) 

Year 
 Soahm 
 P dd 
 Other 
 Total
1973/74 50,000 
 3,000 
 5,950 
 58,950
 
1974/75 45,000 
 3,840 
 7,450 
 56,290
 
1975/76 36,000 
 3,960 
 7,000 
 46,960
 
1976/77 21,000 
 3,600 
 6,250 
 30,850
 
1977/78 17,200 
 3,500 
 5,250 
 29,950
 
1978/79 43,100 
 4,100 
 7,800 
 55,000
 
1980/81 31,992 
 10,102 
 9,689 
 51,783
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The major constraint to agricultural expansion in Mauritania
 
is water availability : rainfall is limited and the river flood is
 
often irregular. In addition, marine salt intrusion prevents double
cropping for up to 200 km upriver from the delta. The size of
 
Mauritania and the very poor communications and transport infra 
structure also serve as major constraints to the dissemination cf
 
agricultural inputs and information and to the marketing of
 
agricultural produce. Livestock activity is limited by available
 
pasture and water. Weakness of Mauritania rural administrative
 
services and inadequate budgetary allocations for animal health are
 
also key constraints.
 

1.3.2.2.2. Consumption
 

The population of Mauritania is estimated at approximately
 
1.5 million inhabitants, with an annual growth rate of 2.5 percent.
 
Since the drought, the majority of this population has been concen
trated in the urban centers, especially Nouakchott, and the areas
 
adjacent to the Senegal River.
 

Per capita cereals consumption is estimated at 130 kilograms,
 
implying a total demand in 1981 of 195,000 tons.(1) Of this about
 
72,000 tons were millet/sorghum/maize, 70,000 tons weie wheat, and
 
53,000 tons were rice. Wheat consumption has increased markedly in
 
recent years because of food aid furnished during and after the
 
years of drought. Consumption of rice increased for similar reasons
 
but now appears to have levelied off.
 

Domestic production is totally inadequate to satisfy this
 
demand. Sources of supply for 1981 were as follows :
 

Domestic production 41,000
 
Co-mmercial imports 69,000
 
Food aid 85,000
 

195,000
 

Overall during 1970-79, average yearly imports were 112,000 tons
 
compared with 46,000 tons produced locally. This situation is
 
likely to become worse since total cereals consumption is expected
 
to increase to nearly 250,000 tons by 1990.
 

The following tonnages of millet/sorghum/maize and of rice
 
are estimated to have been consumed in several urban areas in 1980
 
and are projected to be consumed in 1985 and 1990.
 

(1) Republic Islamique de Mauritanie, Projet de Pdrimitres Irriguds
 
Villageois - Rapport de Preparation, 1981.
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Table n" 16 Cons-tion of KilletlSorshum/Maize and of Rice 

i Selected Urban Areas 
(Cons/year) 

Nouakchott Rosso aedi Selibaby 
mil/Mil/ lW.I.,ct/t/

"Sorghihu/ Sorghum/ Sorghum/ Sorghum/

Year MaIze Rice Maize Rice Maize Rice Maize Rica
 

1980 3,287 14,359 350 1,531 437 1,909 25 547 

1985 4,826 21,082 400 1.745 513 2,241 143 624 

1990 6,555 28,635 451 1,972 580 2,532 161 705 

It is evident from the table that Nouakchoct is dominant, as an urban 
consuming cancer but that the smaller towns collectively comprise a 
sizable markac 4. 

1.3.2.3. Trade and Marketing 

1.3.2.3.1. External Trade
 

In relation to national productiou, Mauritania imports the
highest percentage of grain in West Africa. From 197)3gJ.8 , 
Mauritania imported an annual average of 112,000 tons of grain
while producing an average of onl7 46,000 tons. The following table 
shows annual grain imports and food aid. 

Table n* 17 Mauritania GrainIlmorts 

(000 metric tons)
 

1973 1974 1975 1976 1977 1978 1979 1980 V , 

Commrcial 
Imports 40 19 73 1.10 110 92 115 na. 69 

Food Aid 63 107 26 29 31 69 16 67 25 

Total Grain --
Imports 103 126 99 139 141 161 131 . 195 
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Total grain imports from 1970 through 1972 averaged 14,000 tons while
 
the average from 1973 through 1979 was 128,000 tons. This large

increase was basically due to the drought, which led the production

shortfalls and to rapid urbanization. Over the last decade, Mauritania
 
each year has imported an average of 19,000 tons of wheat, 28,000 tons
 
of rice, 61,000 tons of millet and sorghum, and 4,000 tons of maize.
 

1.3.2.3.2. Public Marketing
 

Prior to the drought in the 1970's, the Mauritanian
 
cereals market was characterized by two key features : the
 
traditional grains of millet and sorghum were bought and sold by
 
private traders who effectively redistributed these cereals to
 
deficit areas, and rice, which was almost entirely imported, was
 
under the commercial monopoly of the Socidt6 Nationale d'Import-

Export (SONIMEX).
 

In a typical year, the high grain producing regions in the
 
southeast - Guidimakha, Brakna and the Eastern Hodh - supplied the
 
regions of the southwest and north - Trarza, Gorgal, Assaba, and
 
Tagant. In an average year, some 20,000 tons of grains were
 
redistributed by the market along these lines. (1)
 

SONIMEX, which is a semi-public agency, had the legal

monopoly on the importation and distribution of rice, along with
 
other important items such as sugar and tea. SONIIIEX supplied rice
 
to consumers through its own chain of sales outlets, which are
 
distributed around the country, and through wholesale merchants,
 
who are licensed for this purpose by the government.
 

Unlike its neighbors, Mauritania did not hava a tradition
 
of farm-levels cereals purchases by public agencies. This was
 
primarily because the private market handled the distribution of
 
traditional grains satisfactorily, and not enough rice was
 
produced domestically to warrant public intervention.
 

After the drought, however, with the severe reduction in
 
national cereals production and the concomitant rapid rate of
 
urbanization, the Mauritanian government set up two public agencies
 
to upgrade domestic cereals distribution and production : the Office
 
Mauritanien des Cirdales (OMC) and the Socidtd Nationale pour le
 
Ddveloppement Rural (SONADER). OMC's role is to buy local cereals
 
to store and redistribute to deficit areas of the country. SONADER's
 
task is to help increase millet and sorghum production and to
 
develop irrigated rice cultivation. These are both part of
 
Mauritanian's cereals policy which, since 1974, has aimed to reduce
 
imports.
 

(1) CILSS, Marketing-Price Policy and Storage of Food Grains in the
 
Sahel : A Survey, Vol. II : Country Studies, "Mauritania",
 
August 1977, p. 13.
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OMC initially worked to create a grain reserve stock of
 
16,000 tons in 1976-77. It only began to redistribute grain in 1977.
 
OMC has a number of buying teams that go out to the countryside

with bags and scales and buy up grains to be deposited in their
 
warehouses. One of the basic problems with this system is that OMC
 
receives its funding for these operations from the Mauritanian
 
government, and, of late, there have been little or no funds
 
available. This is the only source of funding because Mauritania
 
does not have any financial institutions which are involved in
 
agricultural lending.
 

Another problem that has hindered OMC's effective operation

has been the presence of large amounts of food aid,which,under a
 
"Plan d'Urgence",were to be supplied free to part of the population

and at 3 UM/kg to the rest. (1)This program undercut cereals producer

prices, providing a disincentive to farmers. OMC's grain purchases

have also occasionally been disrupted by local shortages of tea and
 
sugar. The inelastic demand for these goods, coupled with low
 
monetary purchasing power, encourages barter exchange for cereals.
 
OMC has often been forced to use tea and sugar to purchase cereals
 
in order to compete with bartering traders.
 

A general price level for goods is set by the Comiti Central
 
des Prix each year. Local price committees, which are made up of
 
merchants, producers, and trade unionists representing consumers,
 
determine local retail prices in conjunction with the local Prdfet.
 
Producer prices are set every year, usually in August to take account
 
of prices in neighboring countries. In general, Mauritania sets its
 
prices slightly higher than either Senegal or Mali to avoid
 
clandestine outflows of cereals. Despite OMC's early attempts to set
 
a producer price range for millet and sorghum of 7-77 UM/kg, however,
 
it has been forced to realign its prices with those of the private
 
market, which are much higher.
 

Until 1977, the average prices of millet and rice were
 
about the same, with rarely more than a 1-3 UM/kg difference
 
between the two. But the operations of the Plan d'Urgence - with
 
its heavy subsidy on imported rice - created a distortion between
 
the two cereals markets so that the difference in the retail prices
 
rose to 21 UM/kg. This naturally created an even greater demand for
 
rice and a rapid substitution of it for millet.
 

The public marketing system has recently been altered.
 
In order to 
"encourage production and keep prices low to consumers",
 
a new cereals purchase program was inaugurated this last growing
 
season. International food aid, which was formerly handled by the
 
Coimnissariat d'Aide Alimentaire (CAA), is now funneled through the
 
OMC. This grain is sold at 15 sales points throughout the country.

With proceeds from these sales, the OMC purchases locally produced

cereals. These, in turn, are either stored in OMC warehouses or
 
resold through SONIMEX retail outlets. One of the objectives of this
 
grain buying program is to be financially self-sustaining
 

(1) CILSS, op. cit., p. 25. 
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through the operation of a revolving fund where the sales of food aid
 
cover all purchase and transactions costs.
 

The OW estimates that the purchase of 40,000 tons of loca..
cereals is sufficient to stabiAli_h ga tA9 Mae~,
African Development Bank has allocated funds for the construction of

32 warehouses in Mauritania, built by other donors with a total
 
capacity of 22,500 tons.
 

In the first stages of OC's new buying program, about
3,000 tons of millet, sorghum and maize were purchased, along with 
a few hundered tons of paddy. Current 0MC producer prices are 
presented in the following table. 

OHC Producer Prices.1982 

Table n' 18 TI/ks CFA/kg equival.entb 

Paddy 12.5 . 62.5 

Maie -1 7 65 - 85 

LUec/Sorghum 13 - 13a 65 - 75 
a. 
These ranges allm for the variation in availability of grains
 

on local markets.
 

b. Asumes an exchange rate of 5 CFAY/1 UK. 

OMC estimates ?:hat the costs of its buying operations are
between 6 and 8 UM/kg for paddy, including milling, and 1-2 UN/kg
for the traditional cereals. The elevated cost for paddy is 
accounted for by the great distances between rice producing areas 
and the two mill towns of Kaidi and M'Pourrii.
 

CZC se*s its processed rice to SO0NM, which is obliged

by statute to take all that is made available. Both domestically

produced rice and millet are stored and resold in the local area.
 

The official wholesale price for rice in Nouakchout
currently is 14 UM/kg and the retail price is 16 UM/kg. In each

region, the retail price is set by the governor to reflect local

market conditions and is generally 2 UM/kg above the wholesale price.
In Slibaby, for instance, the official retail price is 17 UM/kg,
which probably reflects the difficulties of transport in that
region and its distance from Nouakchott. But there are frequent
"black market" divergences from the official price - particularly
in the regions far from the capital. In February 1982, the
reigning price for brokens in Silibaby was 26 U/kg. This may be
compared with the cost of rice imported from Dakar via Nouakchott of 
29 UM/kg. 

The availability of food aid permits the OMC to cover thedifference between the official wholesale price for rice of 14 UM/kg
and its cost, equal to from 28 to 32 UM/kg (12.5 UM/kg producer

price plus 6 to 8 UM/kg collection and milling, converted to a 
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milled rice cost at a rate of .65). Given higher prices on the
 
private market, however, it appears that official and local supplies
 
are not sufficient to clear the market at the official retail
 
price. Consequently, additional rice is undoubtedly also being

imported from Senegal by private traders.
 

1.3.2.3.3. Private Marketing
 

As indicated above, the private market in cereals has
 
traditionally been very strong. Unlike neighboring countries, the 
Mauritania grain trade has been legal. This has only recently been 
challenged by the new public marketing systems that were established 
in the post-drought years. Much of the trade in millet and sorghum
contirues, however, to be in private hands. While the OMC-SONIMX 
subsidized system is increasing its market share in the growing
urban areas, the rural sedentary and rural nomadic people still 
depend largely on the private trade to secure their grain. The 
types of traders involved in this private network include the rural 
level collector who purchases and re-sells, transporters, and
 
caravan merchants who buy directly from producers or from primary 
collectors.
 

A comparison of private market prices gives some idea of
the direction of grain movements, as seen in the following table. 

.Table n* 19 Private Market Prices of Cereals, February/March 1982 

(UMn/kg) 

Bakel Selibaby 

Broken Rice 23 26 

Sorghum 15 14.3 

Broken Millet - 20 

Broken Maize - 20 

Wholegrain Maize 16 -

Although the price relationship is not totally clear for the coarse 
grains, it does appear that broken rice is moving out of Senegal
towards eastern Mauritania. This is confirmed by discussions with 
traders.
 

1.3.2.4. Macroeconomic Situation
 

1.3.2.4.1. National Income, Savin93, and Investment
 

Mauritania has suffered economic stagnation over the past
few years, as evidenced by the following figures. 
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Table 20 Selected Macroeconomic Indicators
 

1976 1977 1978. 1979 " 1980 

GDP In constant 1980 Prices 

Total (billion UM) 

Per Capita ('000 UK) 

Agriculture as a Share 

of GDP (Z) 

16.5 

12.4 

22.3 

16.7 

12.3 

19.4 

15.6 

11.2 

21.8 

16.2 

11.3 

18.2 

17.2 

11.7 

19.2 

Note: a Estimated. 

-Huctu a tions in'output of both agriculture and mining have been 
considerable - the former because of variations in rainfall and 
flooding and the latter because of fluctuations in world demand 
and disruptions of railway services by the Polisario. 

The macroecunomic crisis of the last half of th. 1979's 
is best illustrated in the following table. 

Table 21 Consumption, Investment, Domestic Savings, and 

the Resource Gao &a a Percentage of Gross 

Domestic Product

(1) 

1976 1977 1978 1979 1980a
 

C4usmption/GDP 86.5 92.0 104.3 102.7 98.2
 

Z1rwastumt/GDP 44.6 39.2 19.4 21.2 24.6
 

Doestic Savings/GDP 13.5 8.0 -4.3 -2.7 1.8
 

Risource Gap/GDP -31.1 -31.2 -23.7 -23.9 -22.8
 

Note: a E matd.
 

Consumption as a percentage of GDP was quite modest in the mid-1970., 
permitting a substantial contribution of domestic savings to domestic 
capital fomation. The picture changed markedly with the war, as 
public consumption expenditures rose rapidly while private 
consumption was maintained at a fairly constant level. Domestic 
savings decreased and eventually became negative. Investment 
expend4tures fell to an even greater extent, however, so that the 
resource gap actually declined. With the cessation of the war and 
the implementation of a stabilization program, the situation began 
to improve. 

1.3.2.4.2. Prices, Wales, and Employment 

Price, increases in Mauritania have been moderate, despite
 
the inflationary potential of the war, as can be seen by the
 
following.
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,Table a* 22 GDP Deflator
 

(1973-100)
 

1976 1977 1978 1979 
 1980
 

GDP Deflator 146.4 152.4 175.7
164.1 188.6
 

This is partly because the government has managed to supply urbanconsumers with essential goods at low official prices because ofthe availability of food aid and other forms of foreign assistance. 
Wages and salaries have generally kept pace with this rate of
inflation. The expansion of public sector employment as a result of 
the military buildup associated with the war placed a heavy burden 
on the public sector and has created further problems no that the
 
was is over.
 

1.3.2.4.3. Public Finance
 

Consolidated public financial operations, including those

involving the central government as well as extrabudgetary investment
financed from external sources, are given in the table below 

Table n' 23 Consolidated Public Financial Operations
 

(billion UM)
 

1976 1977 1978 
 1979 
 19 8 0a
 

Revenue 4.9 4.6 5.6
5.4 6.1
 

Curent Ependitures -7.8 -8.7 -8.9 -9.3 -8.3
 

Current Surplus -2.9 -4.1 -3.5
-3.5 -2.2 

Capital Expenditures -3.7 -2.3 -3.1 -3.2 -6.0 

Overall Surplus -6.6 -6.4 -6.6 -6.7 -8.2
 

Financed from 

External 6.6 3.6 6.2 
 5.8 7.0
 

Internal 
 - 2.8 0.9
0.4 1.2
 

Note:
---- a eldm7 
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These show a modest increase in receipts accompanied by a considerablyhigher level of current expenditures, which peaked in 1979. Mauritaniathus relies on continuing external budgetary support, though considerableprogress was made in reducing the current deficit as a result of cutsin military expenditures and a rescheduling of debt service payments.Capital expenditures fall during the war, but increased in 1980 inline with planned growth of productive capacity. The overall deficitremained relatively constant until Except1980. for 1977, less thanone fifth of this has been fi-aced domestically through an expansion
of domestic credit. 

1.3.2.4.4. Money and Banking 

Mauritania has a separate central bank and currency systemnot directly linked to the franc zone. As shown below, net liabilitiesto foreigners increased markedly in 1977 and 1978. 
Expansion of
domestic credit, which had been at an annual rate of 63 percent
during 1975-77, leveled off during the next three years but climbed
again rapidly in 1980, partly as 
a result of increased gvermantborrowing from the banking system. 
In addition, SONIEX losses on
sales of rice, tea, and textiles, for which retail prices are fixed
at relatively low levels, plus SNnH 
outlays related to the expansion
of iron ore mining capacity, created additional demands for bank
credit. 
The Central Bank maintained a restrictive rediscount
policy, but commercial banks supplemented their resources bycontinuing to obtain short-term credit from their affiliates 
overseas, thus increasing net liabi~ities to foreigners. 

Table n' 24 Money and Credit 

(bl l.. UK) 

1976 1977 1979
1978 1980
 
Foreign Assets (net) 
 0.8 -1.7 -2.0 -L.0 -1.4 

Domestic Credit 6.3 9.5 9.4 9.9 11.7 

Money and Quasi-money
 

HMney
 

Currency in I 1.7 2.3 2.4 
circulation 37 4.1 

Demand deposits 2.4 2.6 3.3 
Quasi-money 
 0.8 0.7 1.0 1.0 1.4
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In 1980, measures were taken to improve the financial

performance of the public enterprise sector and to strengthen the
 
banking system. Official retail prices were raised and efforts
 
were made to reduce operating costs. Interest rates were increased
 
and steps were taken to upgrade the management capability of the
 
banks. These policies were continued in 1981 and were accompanied

by efforts to maintain a relatively restrictive credit policy.
 

1.3.2.4.5. Balance of payments
 

The balance of payments situation over the past few years

is shown in the table below. Exports have fluctuated, largely

because of movements in the value of iron on exports. The value
 
of imports is considerably in excess of that of exports, though

the balance of trade deficit declined steaiily over the past few
 
years until 1981, when it deteriorated with stagnation in the
 
iron ore market and an expansion of imports associated with new
 
investment. The improvement in the balance of trade was offset,

hcwever, by a deterioration of net services and private transfers,

partly due to higher freight costs associated with the rise in
 
petroleum prices. Large official transfers and public capital

inflows have offset the current account deficit, however, averting

a major balance of payments deficit. Foreign assistance was
 
substantially reduced in 1980, but this was partially compensated

for by an increase in long-term capital inflows associated with
 
investment projects. Reflecting external debt rescheduling, the
 
ratio of debt service payments to exports of goods and nonfactor
 
services declined from 29 percent in 1979 to about 17 percent in
 
1980. The profile of debt continued to improve in 1981.
 

1.3.2.4.6. Exchange and Trade Policy
 

Mauritania's exchange and trade system remains relatively

free of restriction. Import licences are granted in a flexible
 
manner assuring adequate supplies for the domestic market. The
 
granting of foreign exchange for travel is subject to an annual
 
per capita ceiling, but allocations are often increased to meet
 
individual needs.
 

Since 1977, Mauritanian authorities have sought to
 
stabilize the ouguiya vis-a-vis the U.S. dollar, resulting in
 
some fluctuation in the exchange rate of the ouguiya relative to
 
a weighted basket of the principal currencies used by Mauritania
 
in foreign trade. More recently, this policy was being reviewed
 
because of the appreciation of the dollar, and thus of the ouguiya
 
as well, against most other currencies.
 



39
 

Table no 25 
 Balance of Payments
 

(billion UM)
 

1976 1977 1978 1979 1980
 

Current Account
 

Exports 
 9.1 8.2 7.3 7.8 9.5
 

- iron ore (6.9) (5.7) (4.2) (6.0) (6.9)
 
ZIports -18.1 -17.7 -13.1 
 -13.1 -14.2
 

Balance of Trade 
 -9.0 -9.5 -5.8 -5.3 
 -4.7
 

Net Services and 
 -1.5 -1.8 -4.0 
 -5.0 -5.9
 

Private Transfersa
 

Current Account Balance -10.5 -11.3 -9.8 -10.3 
 -10.6
 

Capital Account
 

Official Transfaria 6.7 5.9 5.4
6.3 1.9 
Normonetary Capital 5.1 3.2 3.8 5.4 8.0 

Otherb 
 -0.5 0.1 -0.6 0.3 
 0.3
 

Capital Account Balance 11.3 9.2 9.5 11.1 10.2
 

Overall Balance 
 0.8 -2.1 -0.3 0.8 
 -0.4
 

Notes: a Private transfers are included with official transfers for 1976
 
and 1977.
 

b Includes SDR allocations and errors and omissions.
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1.3.3. Senegal
 

1.3.3.1. General Economy
 

Senegal has a per capita GDP estimated in 1979 at $ 429.
 
Thus it is not among the poorest countries of the world. Nevertheless,

the Senegalese economy over the past 20 years has been stagnating with
 
the grcwth of per capita GDP equal to only about 2.5 percent annually,
 
or slightly less than the estimated rate of growth of population.
 
A major reason for this is its relatively poor natural resources,

much of the potential of which has already been c:.loited t!.rough

cultivation of groundnuts. In addition, Senegal suffers from erratic
 
rainfall and relatively poor and uncertain world market prospects

for groundnuts, the most profitable cash crop.
 

Prior to 1960, Dakar was the administrative, commercial,

and industrial capital of the Western African Federation. With
 
independence, Senegal no longer played that role, and a considerable
 
adjustment was necessary to better match the more limited needs of
 
its government and domestic market. Thus industry has had an
 
average annual rate of growth of only four percent, a much slower
 
rate than most other coastal countries in West Africa. In addition,
 
the existence of a large urban class imposes certain political

constraints on the government's policies regarding the level of
 
real wages.
 

Most impressive in recent years has been the growth of
 
fishing and fish processing activity, as well as that of tourism.
 
Industrial development has been concentrated in the production and
 
processing of primary products and light manufacturing for import

substitution. The main potential for expansion over the longer run,
 
however, probably lies in export-oriented industry, which can
 
benefit from Senegal's political stability, its well developed

urban and port infrastructure, its proximity to Europe, and its
 
strong political and economic links with the European countries.
 

1.3.3.2. Food and Agriculture
 

1.3.3.2.1. Agricultural Production
 

Despite its long-run potential in other sectors, Senegal

remains a basically agricultural economy, with more than two-thirds
 
of its population living in rural areas. 
Even though agriculture

contributes only about 25 to 30 percent to GDP, its exports account
 
for more than half of total export earnings and most other sectors
 
depend rather heavily on the vagaries of agricultural activity.
 

The major cash crop is groundnuts, which are grown

throughout most of the country, though sugar has also been
 
developed in the Delta of the Senegal River and cotton is grown
 
in areas of higher rainfall. Sugar productions costs are high,

however, and cotton cultivation is limited by ecological conditions.
 

Millet and sorghum, the major food crops, are cultivated
 
throughout the country for local consumption. Rainfed rice is
 
traditionally produced in the Casamance, and irrigated rice has
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been more recently introduced into the Senegal River Valley and Delta.
 
In the Casamance, improvements in rice production have been plagued
 
over the past 15 years by a succession of droughts. Irrigated rice
 
production in the north has suffered from high investment costs and
 
the problems of managing systems of total water control, especially
 
in the large perimeters of the Lower Valley and Delta.
 

The agricultural sector since 1960 has been growing at an
 
average annual rate of 3 percent. Since this includes fisheries
 
and livestock, which have been expanding far more rapidly than
 
the rest of the sector, the growth of cultivation has been
 
considerably lower. In per capita terms, it probably has not
 
exceeded zero and may even have been negative. Variations in
 
weather have also caused groundnut output in some years to drop
 
to as little as one third of its level in good years. Cereals
 
production has occasionally been cut in half.
 

The table on the next page shows area cultivated, yields,

and production of groundnuts, millet, and rice over the past decade.
 
Stagnation, along with large year to year fluctuation , is evident
 
for all 3 crops. For rice this is true despite the very substantial
 
investments that have been made in irrigation. These results
 
suggest either that environmental limits are being reached to the
 
expansion of agricultural production or that producer incentives
 
are inadequate in relation to other opportunities. Although there
 
has been some tendency for the prices of millet, rice, and cotton
 
to decline over the years in relation to the consumer price index,

this has not been true of the price of groundnuts, and it is
 
production of groundnuts that has tended to decline more than
 
that of the other crops. This suggestr that the ecological limits
 
of production are being reached, for.this crop at least, especially

considering the heavy subsidies that are applied to fertilizers.
 

1.3.3.2.2. Consumption
 

During the colonial regime, consumption of imported rice
 
was encouraged in Senegal as a means of freeing up labor for
 
groundnut cultivation that would otherwise be used for growing

millet. Today, despite government efforts to promote millet
 
consumption, urban populations continue to consume wheat and rice
 
in far greater quantities. With a poptolation of close to 6 million,

Senegal today consumes about 1.15 millions tons of cereals a year,
 
or approximately 192 kg per person. Of this, 56 percent or 644,000
 
tons are millet/sorghum, 24 percent or 276,000 tons are rice,

6 percent or 69,000 tons are maize, and 14 percent or 161,000 tons
 
are wheat. Total consumption is expected to equal 1.28 million tons
 
in 1990, broken down into 358,000 tons of millet/sorghum, 486,000
 
tons of rice, 102,000 tons of maize , and 333,000 tons of wheat.
 
Thus there will be a decline in the demand for coarse grains at
 
the same time that the growth of demand for rice and wheat will
 
accelerate.
 



Table no 26 Area Cultivated, Yieldstand Production of Groundnut; Millet, 

and Rice, Selected Years 

1971/72 1972/73 1974/75 1976/77 1977/78 1978/79 1979/80 1980/81 1981/82 

Groundnuts 
Area ('000 ha) 
Yield (kg/ha) 
Production ('000 mt) 

1060 
933 
989 

1071 
532 
570 

1152 
863 
994 

1346 
898 

1208 

1113 
466 
519 

1157 
910 

1053 

1035 
628 
650 

1079 
491 
530 

1048 
763 
800 

Millet 
Area ('000 ha) 
Yield (kg/ha) 
Production ('000 mt) 

975 
598 
583 

936 
345 
323 

1154 
609 
703 

948 
535 
507 

943 
446 
421 

1035 
776 
803 

955 
520 
497 

1084 
510 
553 

1000 
750 
750 

Rice (paddy)
Area ('000 ha) 
Yield (kg/ha) 
Production ('000 mt) 

83 
1301 
108 

54 
815 
44 

85 
1329 
113 

89 
1326 
118 

63 
1000 

63 

91 
1538 
140 

83 
1458 
121 

64 
1063 

68 

n.a. 
n.a. 
n.a. 
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Muich of this increase will result from the growth of
 
population in urban relative to rural areas. Consumption of
 
millet/sorghum/maize and of rice is given below for several urban 
centers.
 

Table n 27 Consumption of Millet/Sorhum/Maize and of Rice
 

in Selected Urban areas
 
(tons/year)


Dakar St. Louis Podor Tambacounda Bakal
 
Millet/ Millet/ Millet/ Millet/ Millet/

Sorghum/ Sorghum/ Sorghum/ Sorghum/ Sorghum/
 

Tear Maize Rice Maize Rice Maize Rice Maize Rice Maize Ric,
 

1980 14,183 102,368 2,075 8,609 158 656 700 2,905 154 638 

1990 19,894 143,582 2,524 10,747 192 799 1,028 4,267 187 776
 

1995 27,902 201,388 3,071 12,743 234 972 1,511 6,269 228 9"4
 

It is clear from the table that consumption of rice in Dakar will 
continue to dwarf that in other urban areas but that collectively
these contribute substantially to total demand. Furthermore, on-farm 
consumption of rice is expected to increase with the spread of
 
irrigation. 

1.3.3.3. Trade and Marketing 

Until recently, the importation, buying, and selling of
 
all cereals in Senegal was done by the Office National pour la
 
Coopdration at l'Assistance au Diveloppoment (ONCAD), which also 
served as the peanut marketing board and the distributing agency

for agricultural inputs. In November 1981, this large and
 
unwieldy organization was broken up and its various functionewere
 
assigned to other new or existing organizations. Imported rice is
 
now handled by the Caisse de Pdrdguation et de Stabilisation des 
Prix (CPSP), and millet, sorghum, and paddy purchases are through
*.theCommissariat d'Aide Alimentaire (C.A.A.). Purchases of wheat 
imports are made directly by the large flour milling enterprises
in Dakar, as they have been in the past. 

1.3.3.3.1. External Trade
 

Rice Imports
 

The CPSP currently assures the importation of rice, which
 
today equals more than six times the tonnage produced domestically.
This expands its former function as the taxing and subsidizing 
agency for a number of different commodities including peanuts,
 
sugar, rice, wheat and,tomato paste. 
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Rice orders are drawn up by the Commission d'Achat du Riz,
 
which is made up of representatives from various branches of
 
government. Once the amount of rice to be imported has been decided
 
upon - based on estimates of local production and reserves of all
 
cereals - the Bureau des Marchds puts through an order on the
 
international market through European commodity brokers. Such
 
buying used to be done quarterly. Currently, however, rice is being
 
contracted for on a year's basis through a bilateral agreement
 
with Thailand. This year's contract is for 350 - 450,000 tons of
 
100Z broken rice. Although the contract is for I year, there is
 
a clause allowing for rice renegotiations every three months,
 
depending on changes in world supply.
 

For the year 1980-81, the price structure for imported rice
 
was as follows :
 

" Average f.o.b. price 100% brokens 
" Sea freight 

" Average C.F.A. franc equivalence 
" Customs duties and taxes 

$ 

$ 

310/T 
65/T 

375/T 
108,000 CFA F/T 
360 

" Port taxes 235 
" Unloading charges 
" Storage charges 
" Personnel costs 

1 880 
215 
600 

price for landed rice 
+ Average national transport costs 

Total CPSP costs for imported rice 

111,290 CFA F/T 
1,600 

112,890 CFA F/T 

Each month the Senegalese import about 25 - 30,000 T of 
broken rice. This compares with somewhat less than half that much
 
(15 - 19,000 T/month) impcrted in 1977. The main reason for this
 
rather large increase is the discrepancy in rice retail prices
 
between Senegal and its neighbors to the south and east. Senegal
 
has not for 5 years altered its retail rice price, which has been
 
heavily subsidized throughout this period. This L.- meant that
 
imported rice in Senegal is cheaper than in the neighboring countries.
 
In January 1982, nearly all of the imported rice found in the Kayes
 
(Mali) market had been brought over the border from Senegal. The
 
retail price of brokens in Kayes was 225-300 FM/kg (equivalent to
 
112-150 CFA/kg). At the same time, imported rice in the nearest
 
Senegalese border town (Kidira) was officially 90 CFA/kg. This
 
meant that much of Senegal's subsidized rice imports were flowing
 
over the border into neighboring countriesforcing Senegal to
 
import greater and greater quantities each year. The following
 
table shows the quantities of rice imported by Senegal since 1976.
 

1976 235 400 T
 
1977 228 500 T
 
1978 228 000 T
 
1979 259 200 T
 
1980 266 845 T
 
1981 322 172 T
 
1982 350 400 T (prediction)
 

Source : USAID/Senegal.
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Because of the resulting financial drain on the CPSP,

Senegal was forced to raise its sales price level in Februaty 1982.
 
The former retail price of 80 CFA/kg for 100% brokens is now
 
105 CFA/kg in Dakar. This price change is expected to reduce the
 
border leaks and lead to decreased rice imports in the future.
 

Imports of other grains
 

Imports of millet and sorghum are less important than rice.
 
Formerly ONCAD, and now the CAA, is responsible for imports of
 
these grains when there is a serious domestic shortfall. From
 
1970 to 1979, the imports of sorghum and millet averaged 39,000 tons
 
a year but this varied from a low of 5000 T in 1974-75 to a high

of about 70,000 T in 1976-77. Even so, this average represented only

7 percent of total production of these cereals. Thes imports are not
 
subsidized, and the prices at which they are sold at both the
 
wholesale and retail levels probably follow market forces fairly

closely. No imports of millet and sorghum were recorded for 1980
 
and 1981.
 

All official maize imports that entered Senegal, especially

until 1976-77, were in the form of food aid. The average amount of
 
these imports from 1970 to 1980 was 23,000 tons a year, but this
 
average masks the fact that from 1970 to 1975 maize imports averaged
 
only 16,600 T, but they increased substantially over the last part

of the decade. No maize imports were recorded from 1981. Maize is
 
a fairly flexible cereal because it can be eaten fresh or dried.
 
The latter can be consumed in the form of couscous or flour and
 
can replace rice, wheat, or millet as a staple.
 

Wheat imports average around 100,000 tons a year. The bulk
 
of this is milled into flour for bread by two French-run milling
 
concerns. Until 
 1977, flour was sold to bakers at a controlled
 
price, which was generally below production costs, and the millers
 
then received the difference from the CPSP. Since 1977, however,
 
the state subsidy has been removed. Imports are expected to grow

each year in line with population and income increases because
 
there is little domestic production.
 

The following table shows imports of wheat over the past few years
 

Table n* 28 Wheat (tons)
 
Coumnercial Food Aid
 

1977 94,000 
1978 95,000 
1979 107,000 
1980 97,000 
1981 106,000 28,820
 
1982 (projected) 112,000 10,238
 

1.3.3.3.2. Public Marketing
 

Prior to the 1980 changes in public marketing policy, ONCAD
 
was responsible for purchases of imported and domestic rice and other
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domestic cereals and for their distribution at the wholesale level.
 
Monthly allotments of rice were sold to 
licensed wholesalers in
 
Dakar, or moved by ONCAD to regional warehouses, where it was sold
 
to licensed wholesalers in the interior.
 

Before 1975, the collection and marketing of milles and
 
sorghum was legally in the hands of private traders. ONCAD was
 
given the monopoly in 1975 in order to protect farmers from
 
perceived uncertainties and excesses arising from private trade.
 
The government' hoped that public marketing would stimulate
 
production and greater marketing, which would in turn permit the
 
creation of a grain secur.ty stock. ONCAD however never managed to
 
buy much more than 2 percent of total domestic millet and sorghum

prcduction, except in 1978, since the relationship between the
 
producer price for millet and the retail price for imported rice
 
encouraged farmers to retain their millet and sorghum production,

rather than sell at a low price, and buy rice which had become
 
relatively more expensive. In 1978, however, the producer price

for millet was raised from 35 CFA/kg to 40 CFA/kg, which made sales
 
more profitable in terms of both the retail price of rice (which

remained unchanged at 80 CFA/kg) and the producer price for
 
peanuts (41.5 CFA/kg) The sales response was overwhelming : over
 
100,000 tons were marketed as opposed to 10,000 tons the year

before, creating serious transport and storage problems.
 

There were other structural problems in ONCAD's cereals
 
buying program that affected domestic paddy as well. ONCAD never
 
managed, for example, to buy more than 3% of domestic paddy

production, partly because it re-.ained so 
occupied with peanuts

that funds, transport, and personnel were allocated first to their
 
purchase and evacuation, and were notoriously late in arriving for
 
the marketing of other agricultural products. Ultimately, financial
 
problems led to the dismemberment of ONCAD and the reorganization

.of domestic cereals marketing.
 

Since ONCAD was disbanded, its various marketing functions
 
have been reallocated to other agencies. The importation and
 
distribution of rice is 
now in the hands of the CPSP. All domestic 
cereals marketing was turned over to the CAA, which heretofore only
handled food aid. Sorghum and maize imports are also handled by
 
this agency.
 

Local purchases of cereals follow the same ?rocedure as

when ONCAD controlled their marketing. The CAA has about 50 warehouses
 
around the country with a total capacity of 70-74,000 tons. CAA
 
agents take money and sacks out to the countryside and buy directly

from producer co-operatives, or indirectly from Regional Development

Agencies, which are responsible for production and extension.
 
RDA's are allowed to sell to the CAA at the demi-gros wholesale
 
price in order to cover their transaction and warehousing costs.
 
Eight CFA/kg is the margin allowed on millet for this purpose.

For cooperatives, this margin appears to be sufficient, but the
 
buying operations of the large-state agencies appear to require a
 
10-11 CFAF/kg margin.
 

http:secur.ty
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In the Fleuve region, SAED Larrently buys paddy at the
 
official producer price of 51..5 CFA/kg and transports it to
 
Ross-Bithio, where it is milled. The rice is then transported to
 
St. Louis and sold via the CAA to private wholesalers. Since the
 
cost of milling and marketing substantially exceeds the difference
 
between producer and consumer prices, SAED's losses are offset by a
 
subsidy from the CPSP. In 1982, the subsidy requirement is
 
estimated to be about 20 CFAF/kg of rice.
 

1.3.3.3.3. Private Marketing
 

As already mentioned, before 1975, the Senegalese market
 
for millet and sorghum was legally in private hands. Even after the
 
establishment of ONCAD's moncpoly in this domain, most of the coarse
 
cereals trade continued to be carried on in the parallel market.
 
Peasants sold to local traders, particularly when ONCAD financing
 
was either late or absent. In 1976/77, the ONCAD producer price for
 
millet was 35 CFA/kg and the demi-gros wholesale price to the
 
traders was 43 CFA/kg. On the parallel market, however, a farmer
 
could sell for 40 CFA/kg directly to the trader, in which case
 
both parties benefitted from a part of the margin then taken by
 
ONCAD. Under the CAA, producer prices have been significantly
 
increased, but CAA agents or their RDA representatives often fail
 
to make purchases on time and in the amounts necessary to make this
 
official price effective.
 

Private trading is not important in the marketing of
 
domestic rice, since the largest part of locally produced rice,
 
especially in Casamence, is either consumed by the producers
 
themselves or is sold on local rural markets. This tendency is
 
likely to continue despite the fact that private market prices
 
have not appeared to be rising more rapidly than official
 
producer prices, as shown in the following table.
 

Table n* 29 Official Producer Prices and Private Market Retail Prices
 

(CFAF/kg) 

Official producer price Private market retail price (b) 

Year (a) Paddy Millet Rice Millet 

1975 41.5 30 122 45 
1976 41.5 35 88 55 
1977 41.5 35 90 61 
1978 41.5 40 88 64 
1979 41.5 40 90 60 
1980 41.5 40 93 73 
1981 51.5 50 81 68 

Notes : (a)	Producer prices is for this crop year beginning in the
 
year indicated.
 

(b)Average 	monthly retail price on the Dakar market.
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This relative cons taz of retail prices in the face of 
world-wide inflation has been achieved, however, only by allowing
 
imports of rice to expand rapidly. It is unlikely that the government 
will allow this to continue, and already there is evidence that import
 
controls are being tightened since the private market retail price
 
of rice in Dakar in June 1982 was 115 to 120 CFA F/kg, compared
 
with the official retail price of 105 CFA F/kg. Should this trend 
continue and producer prices not be increased correspondingly, the
 
private marketing sector is likely to play an increasingly important
 
role for rice as well as coarse grains. At the same time, however,
 
the availability and price of rice is an extremely sensitive political

issue, limiting the freedom of the government to restrict imports.
 

1.3.1.4. Macroeconomic Situation
 

1.3.1.4.1. National Income, Savings, and Investment
 

The macroeconomic situation in Senegal has deteriorated
 
markedly in recent years, as can be seen in the following table.
 

Table n 30 Selected Macroeconomic Indicators
 

1976 1977 1978 1979 1980
 

GDP in constant 1971 prices 

total (billion (CFAF) 299 301 -277 306 283 

per capita ('000 CFAF) -. 58.4 57.4 51.4 55.2 49.7 

Groundnut production 1,412 1,208 • 519 1,053 650
 

('000 metric tons) 

Agriculture as a share of 26.5 24.4 23.0 26.4 24.4
 

CDP (Z)
 

Gross Domestic Product in constant prices has fluctuated significantly 
over the past five years but has shown no discernable trend. With 
population growing at 2.7 percent annually, this has resulted in a 
significant decline in GDP per capita. Some of this decrease must 
have been due to the falling off of groundnut production. Although
 
this crop was especially hard hit in several years by drought, the
 
decline is evident even without considering these bad harvests.
 
Another reason for stagnation in the economy is its continued
 
dependence on agricilture, which has accounted for about one
 
quarter of GDP since 1960 despite the pressure of growing population 
on limited resources. The growth rate of agriculture over the 1960-80 
period was only 0.5 percent per annum. 

1. Most of this discussion is based on a recent survey of Senegal's 
macroeconomy contained in Firouz Vakil, "Macro-econogic Issues 
and AID Assistance - Balance of Payments and Agricultural Pricing 
Reforms in Senegal : An Analysis," for USAID/Senegal, December 1981. 
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Associated with this picture of stagnation has been a rise
 
in cousumption and investment and a fall in domestic savings as a
 
percentage of GNP.
 

Table a* 31 Consumption, Investment, Domestic Savings, and 

the Resource Cap as a Percentage of GDP (%) 

1976 1977 1978 1979 1980
 

Consumption/GDP 91.5 90.7 97.2 96.6 95.6 

Znvestzent!GDP 16.5 16.0 19.3 18.4 20.8 

Savings/GDP 8.5 9.3 2.8 3.4 , 4.4 

Resource Gap/GDP 8.0 6.7 16.5 15.0 16.4 

This had led to an increase in the resource gap, an important measure 
of the balance between aggregate demand and aggregate supply. It must 
be financed from foreign sources and was virtually nonaexistant in 
1960. Today it threatens to create a serious debt service burden for 
Senegal in future years as well as to contribute to the current 
financial crisis.
 

1.3.1.4.2. Prices and Price Pol.cy
 

Whereas the GDP dbaflator in Senegal increased slightly in 
exress of 4 percent annually between 1976 and 1980, the consumer 
price index increased by alost 9 percent and the fixed invastent 
price index by just over 8 percent per year. 

Table a' 32 Indexes of the GDP Deflator, Consumer Prices, 

and Fixed Investment Prices 
(1971-100) 

1976 1977 1978 1979 1980 

GDP Deflator 154 160 168 174 183 

Consumer Prices 183 204 211 233 252 

Fixed Investment Pricas167 180 195 208 

*This was more or less in line with world inflation and reflects the 

high degree of dependence on Senegal on the international economy.
 

It also reflects the policy of the Senegalese government
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to maintain guaranteed official producer and consumer prices of
certain essential commodities, such as groundnut oil, rice, sugar,

wheat flour, millet, and tomato paste. This is coupled with a system

of agricultural input subsidies, which are especially high for
 
fertilizers. The subsidies age financed by the Caisse de Pdrdquation

et do Stabilisation des Prix (CFSP) out of earnings from groundnuts

sales and profits on rice imports. In recent years, however, the
 
CPSP has been unable to generate the necessary surpluses, and the
 
central government has had to pay for the subsidies, as shown in
 
the following table.
 

Table n* 33 OPERATIONS OF THE CPSP 

(billion CFAF) 

1976 1977 1979
1978 1980
 

Receipts 
Export Crops 3.4 15.8 5.2 9.3 -

Groundnuts (3.4) (14.6) (5.2) (9.3) (-)Cotton - (1.2)(-(_(_ 
Consumption Goods 
 7.7 4.9 6.4. 6.8 3.1 

Rice (5.3) (3.9) (3.4) (5.6) (2.7)
Sugar (2.4) (1.0) (2.2) (1.0) (-)
Other (-) (-) (0.8) (0.2) (0.4)

Other 0.0 2.4 0.80.0 0.6 

Total 11.1 20.7 14.0 16.7 3.9 

Expenditures
 
Input Subsidies 5.9 9.6 3.9 
 5.6 5.9
 
Export Crops 
 - • - 0.8 0.8 3.4 

Groundnuts (-) (-)(-) (-) (2.5)
Cotton (-) (-) (0.8) (0.8) (0.9)


Consumption Goods 3.2 2.0 4.6
5.0 3.5

Administration and 0.1 2.1 6.5 1.9 
 0.3
 

Other
 
Total 
 9.2 13.7 16.2 12.9 13.0 

Net Profit 1.9 
 7.0 -2.2 3.8 -9.1
 

The situation in 1981 deteriorated even more sharply, with a projected

deficit of 14.3 billion CFAF.
 

The Senegal government is c -itted to a progressive
withdrawal of price controls for nonessential consumer goods, an
 
elimination of consumer subsidies on basic necessities, and the 
giving of "necessary" producer price incentives to farmers as part
of its Reform Plan. This resulted in significant price increases 
for most commnodities. at both the consumer and producer levels 
during 1980-82. Nevertheless, there is a continuing tendency for these
 
price increases to fall behind rates of inflation, and raising

consumer prices often entails considerable political risk. In addition,

fertilizer still receives a subsidy of about 85 percent. Consequently,
 



the government's financial situation continues to be menaced by
its pricing policies.
 

1.3.3.4.3. Public FInance
 

Gorernment financial operations are given in the table below.These do no': include financial activities of the parastatalsbudget loavi oror aid from either domestic or .external sources. They dft..include special accounts of the treasq"y. suh 

Table na 34 Public Financial Operations 

(bllon CFAF) 

1976/77 1977/78 
 1978/79 1979/80 
 1980/81
 
Revenue 
 86.0 
 107.4 
 119.6
Current Fxpenditures 

98.6 
132.5-77.3 -86.4 -93.5(excluding interest) -113.2 -129.5 -

-Current Surplus 
 8.7 
 12.2

Other Public Savings

13.8 3.0
a 6.4

8.8 -3.0 
 6.5 
 12.3
Debt Service -12.0-8.9 -11.0 -18.8Investible Surplus -29.3 -41.9
8.6 -1.8


Capital Expenditures 1.5 - 6
 
-46.0 
 -46.0 
 -51.0
Overall Surplus -60.0 -60.03 -47. -. 9 

Notes: a Does not include parapublic sector savings or budget loans and 
aid. 

The table shows clearly that the government's financialsituation has been deteriorating rapidly. Current expenditureshave grown more rapidly than revenues so that the current surplushas declined, as have public savings from other sources such as
the CPSP. Of greatest importance by far,the public debt service
has risen enormously. In 1980/81, it equalled 
32 percent of budsg.A _revenues. The government's investible surplus became increasinglynegative and, combined with ever growing capital expenditures,
resulted in an overall budgetary deficit that rose from 37 billion
CFAF in 1976/77 to 111 
billion CFAF in 1980/81 
- a threefold
 
increase in only four years.
 

1.3.3.4.4. Money and Banking
 

A review of Senegal's monetary activities provides another
perspective on the deteriorating economic and financial situation.
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Table n* 35 

Foreign Assets (net) 


Domestic Credit 


Liabilities
 

Money 


Other 


Mone and Credit 
(biIon CFAF) 

1976 1977 1978 1979 1980 

-10.7 -12.9 -35.8 -64.5 -79.2 

137.0 162.7 213.4 257.9 271.7 

94.9 109.1 126.5 .131.9 18178 *3 

31.4 40.7 51.0 34.83 

Following a rapid expansion in the money supply from 6 2ercent of
GDP in 1973 to 28 percent in 1978, absorbed principally by an
increase in domestic credit, the pace slackened during the last 
years of the decade. This, hovever, was only because the slack 
was taken up by increased foreign borrowing, principally on the 
assets of the West African Monetary Union. This merely postponed
the problems that expansionary policies continued to engender. 

1.3.3.4.5. Balance of Payments 

This my be saen by looking at Senegal's balance of payments,
shown in the table below. Here the trends of sluggish exports,
growing imports, rising debt service, and deteriorating current 
account and overall balance of payments are clearly evident. 
Preliminary estimates for 1981 suggest a worsening of the balance 
of payments situation and a growing liquidity crisis. 



Table n" 36 
53 

Balance of Payments 

(billion CFAF) 
1976 1977 1978 1979 1980. 

Current Account 

Exports 122.8 163.9 90.1 133.4 116.2 
Imports -157.6 -189.8 -167.9 -220.1 -219.0 
Balance of Trade -34.8 -25.9 -77.8 -86.7 -102.8" 
Net Services and Transfers 12.7 9.4 24.2 14.3 17.4 
.(of vhich interest on the 
Public Debt) 

(-4.3) (-4.5) (-6.9) (-9.5) (-13.7). 

Current Account Balance -22.1 -16.5 -53.6 -72.4 -85.4 

Capital Account 

Public Sector 9.2 6.2 25.0 30.1 40.1 
of which Public Debt 

Amortization 
(-4.6) (-6.5) (-11.9) (-19.8) (-28.2). 

Private Sector 7.6 8.0 9.6 20.1 19.3 
Capital Account Balance 16.8 14.2 34.6 50.2 59.4 

Overall Balance of Paymentsa -2.3 -3.2 -21.5 -24.7 -22.1 

Note: aThe difference between 
the current and capital account 
and omissions. 

the overall balance of payments and the sum of 
balance is made up of SDR allocations and errors 
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1.3.3.4.6. Exchange and Trade Policy
 

The currency of Senegal is the CFA franc, which is pegged
to the French franc at a fixed rate of CFAF 0.1 
- FF 0.02. Senegal
is a member of the West African Monetary Union and has as 
its central
bank the BCEAO. Senegal has no exchange restrictions in its relations
with France and all other countries whose bank of issue is linked
with the French Treasury by the Operations Account. All exchange
transactions relating to other countries must be effected through
authorized banks, the Postal Administration, or the BCEAO.
 

Imports from countries in the French Franc Area are
generally free of license and quantitative restriction. Virtually
all imports from EC countries and some imports from other OECD
countries are free of quantitative restriction. There is, however,
an annual program with globgl quotas for imports from all non-EC
countries outside the French Franc Area. Exports to non-French
Area countries require licenses, and proceeds from exports to all
foreign countries must be surrendered to the exchange authority.
 

1.3.3.4.7. Reform Plan
 

As a result of its disintegrating macroeconomic 
situation,
distorted agricultural price structure, and financially troubled
parastatals, Senegal embarked in late 1980 on a Reform Plan, which
committed the country to a coordinated and comprehensive program
of Structural Adjustment Loan to be disbursed in two tranches, the
second of which was to be made available in 1981 subject to
satisfactory progress on the Reform Plan. This was 
intended to
supplement an IMF Extended Facility 16an intended to correct over
three years the disequilibrium in public finances and the balance of
payments, while orienting public investments towards productive
sectors. The French also provided substantial exceptional assistance
 
in 1980.
 

Initial progress in implementing the plan was good. Subsidies
on all urban consumer goods except rice were abolished, producer
prices were increased, two major parastatals (SONAFOR and ONCAD) were
abolished because of mismanagement, import duties were increased to
an average of 15 percent, export subsidies of 10 percent were granted
on selected non-traditional exports, government expenditures were
reduced, stronger administrators were placed as 
directors in the
RDAfs, a moratorium of five years on farm debt was decreed, a systematic
audit of cooperatives was started, subsidies on all farm inputs were
removed except for fertilizer, and trade in food grain and farm

inputs was opened to private merchants.
 

By 1981, however, it 
was clear that the extent of structural
reforms envisioned went beyond the capabilities of the bureaucracy to
implement. Furthermore, drought in 1980/81 reduced the groundnut crop
and exacerbated the fiscal and balance of payments situation. The
EFF program was consequently revised in 1981 
to reduce expectations
somewhat and to allow more time for adjustment using an IMF
Standby Arrangement. A large part of Senegal's 
debt was rescheduled,
and the consumer price of rice was raised in February 1982, eliminating this need for subsidy.
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By mid-1982, however, the Senegalese government still had
 
not embarked on a program to eliminate the fertilizer subsidy,
 
though it had expressed its intention to do so in the near future.
 
In addition, reducing the level of public sector employment was
 
proving to be a thorny issue, and there remained a large domestic
 
public debt. Furthermore, lack of official price flexibility remained
 
a problem, and it was not clear how increased marketing and input
 
delivery by the private sector was to be encouraged.
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1.4. Economic and Financial Feasibility Andlysis
 

1.4.1. Market Prospects and Reference Prices
 

The production phase of the IDP is designed primarily to
 
encourage the cultivation of crops that will be consumed on the farm
 
or sold in markets as a substitute for food that is currently being

imported. Consequently, it is important to estimate the size of that
 
on-farm consumption and of those markets locally, nationally, and
 
regionally. Once market size is determined and projections are made
 
for future expansion, reference prices can be established that indicate
 
the economic and financial value of the output being produced.
 

1.4.1.1. Market Prospects
 

The earlier discussion of the region's cereals market
 
suggested that it has changed markedly in recent years. Whereas a few
 
years ago it appeared that the flow of focpdgrains,and particularly rice,

should be potentially from the major production centers in Mali
 
(e.g., the Office dii Niger and Operations Riz Mopti and Sdgou) towards
 
Dakar and Nouakchott, today there seem to be major structural problems
with the Malian state-operated agricultural enterprises, limiting their 
production capacity. This, coupled with the relatively low prices of 
imported cereals flowing into Dakar and Nouakchott, is causing the
 
movement of foodgrains in the private market to be from west to east,
 
towards Bamako, and even the Ivory Coast in the case of maize. Since
 
there is little likelihood that this direction will be reversed in the
 
foreseeable future, local surpluses will substitute for imported grain

being consumed not in the towns and cities on or closer to the coast,
 
but in the urban and rural areas of the interior.
 

Demand projections taken from the country analysis and supply

projections based on expected project output minus estimated on-farm
 
consumption are given below for milled rice and maize/millet/sorghum
 
in each project zone.
 

Table no 37 Projected Local Demand & Supply (a)
 

(metric tons)
 

1986 1989 

Podor 

Rice 
Demand 
Supply 

799 
546 

972 
1229 

Maize/millet/sorghum 
Demand 
Supply 

192 
1 

234 
388 

Bakel 
w-m-

Rice 
Demand 
Supply 

776 
432 

944 
625 
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Maize/millet/sorghum
 
Demand 187 228
 
Supply 340. 315
 
Kaddi
 

Rice
 
Demand 2241 2532
 
Supply 312 2241
 

Maize/millet/sorghum
 
Demand 513 580
 
Supply - 46 - 10
 
Gouaye (b)
 

Rice
 
Demand 624 705
 
Supply 18 305
 

Maize/millet/sorghum
 
Demand 143 161
 
Supply 76 859
 

Rice 
Demand 2168 2638
 
Supply 446 3138
 

Maize/millet/sorghum 
Demand 523 636 
Supply - 25 -397 

Notes
 

(a)Demand projections are from the consumption analysis for individual
 
countries. Supply projections are based on yields and hectarage
 
assumed for the project with adjustment for on-farm consumption.
 
The latter was estimated from survey data that suggest that rice
growing rural populations in the project zones consume about 150 kg
 
of cereals per capita per year, approximately evenly divided
 
between coarse grains and rice. These per capita estimates were
 
multiplied by the average farm family size times the number of farms
 
assumed in the project.
 

(b) Data are not available on the population of Gouraye. Demand projections,
 
therefore, refer to Selibaby, the nearest urban center.
 

The table shows that supply will exceed local demand for rice
 
by the year 1989 in Kayes and Podor, especially if the additional output
 
generated by the rehabilitation of the Nianga perimeter is taken into
 
account. The same will be true of Kaidi if the World Bank financed
 
Gorgol project is successful since this is designed to produce over
 
10,000 tons of milled rice by 1990.
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The situation with respect to maize/millet/iorghum is even
 
more critical since supply will exceed local demand by 1989 in Podor,
 
Bakel, and Gouraye. The Gorgol project is designed to produce another
 
3,0.88tons of sorghum and 2,784 tons of maize, though some of this will
 
undoubtedly be consumed on the farm.
 

Overall, however, the total marketable surplus to be generated
 
by the project is only about 7,500 tons of rice and 1,200 tons of
 
maize/millet/sorghum. This is low in relation to total excess deman
 
in eastern Mauritania and Senegal and in Mali, sice Mali alone must
 
import at least 25,000 tons of cereals per year to cover its urban
 
deficits, and ia some years the quantitites are much greater. Furthermore,
 
there appears to be a substantial, if thus far unquantified, market
 
in the rural areas of eastern Mauritania and northwestern Mali, with
 
animals and their products being exchanged for cereals.
 

The situation is quite different with respect to vegetables.
 
This is especially important in Kayes, where the sandy soils are not
 
suitable to rice cultivation except in the lowland areas where improved
 
swamp rice techniques have not yet been fully tested. Vegetable
 
cultivation has been quite profitable in Kayes, but market saturation
 
at certain times of the year is already a problem. Nevertheless, there
 
is a large potential demand for vegetables in rural areas, as well as
 
in small towns, throughout the region. What is needed is to develop a
 
means of preserving vegetables for medium distance transport. Consequently,
 
a study of marketing and processing possibilities has high priority and is
 
included as part of the project in the preparation by OMVS of a Long
 
Range Development Plan for the upper valley.
 

1.4.1.2. Reference Prices
 

Given the existing and projected direction of grain flows
 
from west to east, the economic and financial analysis uses reference
 
prices that equal the cost of importing grain and delivering it to the
 
major point of consumption within each project zone. Since production
 
in excess of local consumption would move away from, and not towards,
 
Dakar and Nouakchott, this would merely raise the value of the imports
 
for which local crops are being substituted by the same amount as cost
 
of delivering the local crops to the further removed point of
 
consumption. Only in the event that the Mauritanian and especially the
 
Senegalese governments should severely restrict cereal imports,
 
substantially raising their prices to consumers in Dakar and Nouakchott,
 
would this direction of flow be reversed. This seems highly unlikely
 
given the political sensitivity of such a move.
 

The major issue in determining reference prices is choosing
 
a price for rice. Only a small proportion of total production of this
 
commodity is trated on the world market. In addition, rice is an
 
important food staple in many countries, resulting in substantial
 
government intervention with respect to its domestic .marketing and
 
price structure. The result is high volatibility of its price on
 
world markets. In 1981 constant dollars, the price of Tai 5 percent
 
brokens averaged $ 531/metric ton during the 1960s. It fell to a
 
low of $ 348/ton in 1979, but recovered to $ 483 by 1981. In late 1981
 
and the first half of 1982, its price dropped precipitously as a
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result of good harvests in Indonesia and elsewhere. The World Bank has
 
estimated that the average price in 1982 will be $ 302/ton.
 

Obviously, it is extremely difficult to pick a single reference
 
price for rice that will reflect its long run value over the life of
 
the project and beyond. The World Bank in late 1981 was projecting a
 
price in 1990 of $ 549/ton (1981 constant dollars). A few months later,
 
this projection was being revised sharply downwards.
 

In view of the uncertainty regarding the long run world market
 
price of rice and the desireability of adding a slight premium to
 
reflect that uncertainty, the price in 1981 of $ 483 does not appear

to be unreasonable as a constant 1981 dollar reference price. World
 
market prices of maize and sorghum in 1981 also reflect quite well
 
current projections for these crops.
 

Since all three countries import rice of much poorer quality

than Thai 5 percent brokens, the average price of rice purchased by

Senegal during 1981 of $ 310/T f.o.b. Bangkok was used as the reference
 
price for the three countries. The discount off the price of Thai 5 percent

brokens is in this case consistent with past experience.
 

To the world market price of rice, maize ($ 130/ton), and
 
sorghum ($ 126/ton) were added the cost of sea transport ($ 65/ton),
 
port handling, marketing, and transport to the relevant consumption
 
center. The cost of collection, processing, and transport from village
 
to market were then subtracted to arrive at a farm gate price.
 

It was assumed that rice processing would be done with small
scale hullers, which are more efficient than large-scale mills in the
 
areas concerned. The resulting calculations are shown in the following

tables, along with current official producer prices.(1)
 

Several observations are apparent from these tables. First,

the wholesale reference price in the market concerned tends to rise as
 
one moves away from the coast to the interior. Second, this does not,
 
however, necessarily result in a higher farm gate price because
 
transportation infrastructure in the more remote regions is often poor,

considerably raising costs of local transport. Finally, and most
 
important, the farm gate reference price is in almost every case well
 
in excess of the official producer price. This supports the case for
 
project farmers being permitted to sell freely to private traders.
 
It also implies that the financial and the economic farm gate prices
 
are the same as long as the government of Senegal continues to import

sufficient rice to satisfy demand at the long run reference price

adjusted for marketing costs. As of June 1982, this appeared to be
 
true since rice was selling in the Dakar market for 115-120 CFA/kg

compared with a landed-c.i.f. reference price exclusive of trader's
 
margin of 117.8 CFAF/kg.
 

(1) The cost of rice hulling is estimated at 10 CFAF/kg. Large scale
 
milling at Ross Bithio costs 29,8 CFAF/kg exclusive of fixed
 
capital costs. Supporting calculations are shown in a note to
 
the table for Podor.
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Table n* 38 Estimation of Farm Gate Reference Prices 
for Rice, Maize, and Sorghum (Senegal) 

(CFA metric ton) 

Rice Maize Sorghum 

Bakel Podor 
(St. Louis, 
hulling) 

Podor 
(St. Louis 

milling) 

Podor 
(Podor) Bakel. Podor Bakel Podor 

Price F.o.b. 
Transport 
Price c.i.f. Dakar ($) 
Price c.i.f. Dakar (CFAF) 

Port charges 
Storage 
Handling 
Sacks 
Trader's margin 
Transport 

Wholesale price 

Less : 
Transport village to market 
Handling 
qtorage 
Sacks 
Trader's margin 
ltulling (1) 

Farm Gate Reference Price (rice) 
Paddy Equivalent Price 
Value of Byproduct 
Farm Gate Reference Price (paddy) 
Official Producer Price 

$ 310 
65 

375 
112,500 
4,295 

330 
250 
420 

4,000 
13,000 

139,795 

5,000 
500 

1,000 
420 

4,000 
10,000 

113,875 
74,019 

750 
74,768 
51,500 

112,500 
4,295 

330 
250 
420 

4,000 
6,000 

127,795 

6,000 
500 

1,000 
420 

4,000 
10 000 

105,875 
68,818 

750 
69,568 
51,500 

112,500 
4,295 

330 
250 
420 

4,000 
6,000 

127,795 

6,000 
500 

1,000 
0 

4,000 
29,840 

86,455 
56,195 

750 
56,945 
51,500 

112,500 
4,295 

330 
250 
420 

4,000 
12,000 

133,995 

1,000 
500 

1,000 
420 

4,000 
10OO00 

116,875 
75,969 

750 
76,719 
51,500 

130 
65 
195 

58,500 
4,295 

-

250 
420 

4,000 
13,000 
80,465 

5,000 
500 

1,000 
420 

4,000 
0 

69,545 

58,500 
4,295 

-

250 
420 

4,000 
12,000 
99,445 

1,000 
500 

1,000 
420 

4,000 
0 

72,545 

126 
65 

191 
57,300 
4,295 

-

250 
420 

4,000 
13,000 
79,265 

5,000 
500 

1,000 
420 

4,000 
0 

68,345 

50,000 

57,300 
4,295 

250 
420 

4,000 
12,000 
78,265 

1,000 
500 

1,000 
420 

4,000 
0 

71,345 

50,000 

Notes : (1) /-show calculations of milling & hulling costs 7
 

a 



Table n* 39 


Rice 


Kaddi 


Price F.o.b. 
 $ 310 

Tansport Dakar 
 65 

Price c.i.f. Dakar 
 375 

Port charges 
 13.3 

Transport Nouakchott 75 

Price c.i.f. Nouakchott ($) 463.3 

Price c.i.f. Nouakchott (UM) 23,999 

Travelling, sacks, storage, trader's margin 1,088 

Transport to market 
 2,800 

Wholesale price 
 27,887 

Less :
 

Transport village to market 1,000 

Handling 
 160 

Storage 
 45 

Sacks 
 83 

Trander's margin 800 

Hulling 2,000 


Farm Gate Reference Price (rice) 23,789 

Paddy Equivalent Price 15,436 

Value of Byproduct 150 

Farm Gate Reference Price (paddy) 15,586 

Official Producer Price 
 12,500 


Estimation of Farm Gate Reference Prices
 

for Rice, Maize, and Sorghum (Mauritania)
 
(iM/metric ton)
 

Maize Sorghum
 

Gouraye "Kaddi -Gouraye Kaddi Gouraye

(Sdlibaby) (Sdlibaby) (Sdlibaby)
 

$ 130 $ 126
 
65 65
 
195 19
 
13.3 13.3
 
75 75
 

283.3 279.3
 
23,999 14,675 14,675 14,467 14,467
 
1,088 1,088 1,088 1,088 1,088
 
4,046 2,800 4,046 2,800 4,046
 

29,133 18,503 19,809 18,355 19,601
 

1,500 1,000 1,500 1,000 1,500
 
160 160 160
160 160
 
45 45 45 45 45
 
83 83 83
83 83
 

800 800 800 800 800
 
2,000 0 0 0 
 0
 

24,535 16,475 17,221 16,267 17,013
 
15,957
 

150
 
16,107
 
12,500 13-17,000 13-17,000 13-15,000 13-15,000
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Table no 40
 
Estimation of Farm Gate Reference Prices 

for Rice, Maize, and Sorghum (Mali) 

(HF/metric ton) 

Rice (Kayes) Maize (Kayes) Sorghum (Kayes) 
Price F.o.b. 
Transport Dakar 

$ 310 
65 

$ 130 
65 

$ 126 
65 

Price C.i.f. Dakar ($) 
Price C.i.f. Dakar (HF) 

Port charges 
Storage 
Handling 
Sacks 
Trader's margin 
Transport to Kayes 

Wholesale price 
Less 

375 
225,000 
9,780 

660 
500 
840 

8,000. 
28,400 

273,180 

195 
117,000 
9,780 

660 
500 
840 

8,000 
28,400 
165,180 

191 
114,600 
9,780 

660 
500 
840 

8,000 
28,400 

162,780 

Transport village to market 
Handling 
Storage 

12,500 
1,500 
2,000 

12,500 
1,500
2,000 

12,500 
1,5002,000 

Sacks 
Trader's margin 
Hulling 

Farm Gate Reference Price (rice) 
Paddy Equivalent Price 
Value of Byproduct 
Farm Gate Reference Price (paddy)
Official Producer Price 

840 
8,000 

20,000 
228,340 

148,421 
1,500 

149,921 
100,000 

840 
8,000 

0 
140,340 

90,000 

840 
8,000 

0 
137,940 

85,000 
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Hulling and milling costs in the reference price tables have been based
 
on the following calculations.
 

Hulling costs - small hullers 
 CFA/hr.
 

Huller + motor 2,700,000 CFA (without tax)

amortized over 5000 hrs. 
 420
 
interest 20%/yr - 1000 hrs 
 224
 
Insurance & repair - 20% of amortization 
 126
 
Spare parts (screens) - 4000 CFA/screen * 40 hr life 100
 
Gasoil : 3.75 I/hr x 160 CFA/l 600
 
Lubricant : 8% of gasoil - .16 1/hr x 500 CPA/I 
 88

Operation, maintenance labor : (3 persons x 750 CPA/day) + 6 hrs/day 375
 

1925 CPA/hr.
1925 CFA/hr + 250 KG/hr 
 7.70CFA/k

7.70 CFA/kg + 20% margin 9.64CFA/k
 

On the basis of these calculations local hulling costs are assumed to be
 
10 CFA/kg.
 

Large scale milling costs
 

Information for the evaluation of large scale milling costs has been based
 
on data from the Ross Bithio mill. Prices are for 1981/82. Outdated prices
 
are inflated by 5Z per year which is the gross domestic inflation over
 
the last 5 years.
 

Market Value
 

CFA/kg milled rice 

Direct labor 
 5.970
 
Fuel 
 2.457
 
Oil 
 0.486
 
Electricity 
 0.546
 
Administration 
 3.139
 
Interest & depreciation 6.774
 
Maintenance & repair 10.194 
Insurance .106 
Seed treatment .654
Sacks 2.616 
Losses 
 1.459
 
Other (medical expenses, fourniture printed material, etc) 2.670
 

Total milling cost per kg of rice 36.616 
Less sunk costs (interest & depreciation) - 6.774 

Marginal milling costs for rice 
 29.842 CFA/kg
 

For the purpose of costing large scale milling, the marginal milling

cost for rice (29.8 CFA/kg) is used on the assumption that the investment
 
costs for large scale milling have already been made and so are sunk costs.
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1.4.2. Farm Budgets
 

This section present a series of analyses examining the 
economics of the agricultural production component of the project at the
 
farm level. First, farm budgets are presented for manual and animal traction
 
farm models for each of the project regions. These tables provide a cash
 
flow analysis of production activities from the farmer's perspective for the
 
farms involved in the project irrigated perimeters.
 

In support of these farm budgets, two sub-sections are provided.

The alternative crop budgets sub-section presents a comparative analysis of
 
the economic return and farmer profitability for crop activities proposed by
the project and included in the farm budgets. 

The farm systems sub-section examines various aspects of the 
farm models used in the farm budget analysis, including farm size and 
composition, constraints posed by production factors and crop rotation
 
considerations, 	 and the financial requirements of the farm models. Finally, 
a discussion of the profitability to the farmer and the return to his invested
 
factors is provided as a conclusion to the farm budget analysis.
 

The 	farm budgets are based upon the assumptions provided in the
 
notes for each region. Each farm budget provides: 

1. 	A cash flow by crop of revez.Leexpected over the thirty year

life of the initial investment. The area planted to each 
crop, the expected yield and its value (including by product, 
value) is provided for reference. (Two yields are given for
 
irrigated crops: the first applies to production in the
 
first six years of the farm; the second refers to years
 
seven through thirty and reflects expected increases in
 
productivity).
 

2. 	An itemized cash flow of production expenditures at market
 
cost. 

3. An itemized cash flow of subsidies or direct taxes assumed 
to be applied to the farmer under the project recommendations.
 

4. 	 A cash flow of medium term credit loans extended to the 
farmer and their repayments. 

5. 	 A series of analytic cash flows, including: 

- Income: equal to the total value of farm production less
 
farmer expenditures. 

- Net Income: 	 representing the cash flow of financial 
resources of the farmer assuming he sells 
his entire production. Equal to income plus
 
net credit flow.
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- Net Cash Income: representing the cash flow of 
financial resources of the farmer once 
account is taken of the production 
consumed on the farm. Equal to net 
income less the value of on-farm 
consumption. 

- Net Benefit to Labor and Capital: equal to net income 
less the rental value 
of land used. 

- Net Benefit - Value of Family Labor: Representing the 

return to the farmers 
capital investment. 

A discussion of the farm budgets is provided in the Farm Systems 
Section (1.4.2.2.). 



Table n 41 


SEEDS (kg/ha)
 
Traditional (2/3) 


Iuproved (1/3) 

FERTILIZER (kg/ha) 
Tricalcitun phosphate 

Xcl 
urea 

Q .14ICALS (kg/ha)
 
azodrine (1) 
Endosulfan 


Decis 


Mandb e 
Diazinon 

WATER (m3 

GAS OIL (1/ha) 

Lubricant (1/ha) 


Labor (erson/days) 
yields :year 1 - 6 


year 7....... 


(H) - rainy. season 
(ca) - dry season 

INPUT- COEFFICIENTS : Hanual Farm 

(two crops) COM SOR IN VECTABLE NIEBE OuIAO DIERI 

120 

60 

26.67 

13.33 

16.6 

8.3 .3 

25 is 15 

100 

-

250 

1SO 

so 

ISO 

ISO 

so 

1SO 

100 

200 

1SO 

100 

100 
-

1 

-

-

-

-

-

-

-

_ 

17.5 

3(290 

16 4 (11+398(cs) 

8(11)+ 20(cs) 

S0 

8.5 

9.5 

-_ 

5980 

123 

6 
138 

2.5 

3.5 

6188 

30 

1.5 
157 

2.5 

3.25 

4396S 

398 

20 

327 

18 

22 

3150 

30 

1.5 
143 

1.8 

2.1 

so 

450 

450 

70 

S0 

500 

O 



INPUTS COEFFICIENTS 

Table n* 42 

SEEDS (kg/tha)
 

Traditional (2/3)
Improved (1/3) 


FERTILIZER (kg/ha)
 
Tricalcium phosphate 


Kcl 


urea 


C IMALS (kg/ha 

azodrine (1) 


Endosulfan 


Decis 


Maneb e 


Diazinon 


WATER (m3) 

GAS OIL (1/ha) 


Lubricant (1/ha) 


Labor erson/days) 

oxen use hr/ha 


yields : year I - 6 


year 7 


(H) - rainy season
 
(cs)- dry seasoil 

(two crops) 

120
60 


200 


100 


660 


3 


_ 


-

-

-

29850 


16 4 (I!)+398(cs) 


8(!i)- 2(cs) 

428 


120 


11.S 


12.5 


2 


coI 

26.67
13.33 


ISO 


10 


250 


-

10 


5980 


123 


6 


94 


53 


3.5 


4.5 


Animal 

16.6
8.3 


150 


100 


250 


-

-

6188 


30 


1.5 

100 


63 


3.5 


4.25 

tr#ction
 

,,ODERlL
 

.3
 

200 


350 


250
 

2
 

17.5 


10
 
-

13965 


398 


20 


274 


63 


22 


2S 


2S 


200
 

150
 

3.5
 

3150
 

30
 

1.5
 

91 


53 


2.5 


2.8 


Is is 

I
 

50 58
 

0 45
 

450 550
 

450 550
 

-J 
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NOTES : Gouraye and Kaddi, Farm Budgets
 

1.Areas and yields for the model farms are taken from the agronomists
technical analysis (see tables 41 and 42). Yields are assumed to
increase from the first to the second figure in the seventh year,
reflecting expected increases in productivity.
 

Prices include the value of byproducts per kilogram of grain and
are based on the following assumpsions concerning destination of
 output.
 
GOURAYECrop KAED1price um/-k% market 
 Price 
 Market 

Rice 
 16.1 Sdlibaby 15.6 
 Kaddi
 
corn 17.2 
 o 16.4sorghum 17.0 
 " 16.2vegetables 5 " 5nidbd 22 " 22 

2. Inputs values have been calculated using the inputs coefficients
provided on the table 41 
for manual farms
traction. Inputs prices in Kaddi 

and table 42 for animal 
- Gouraye region are given below.The proposed scheme assumes' that farmers pay market costs for all
inputs. The subsidized prices under the existing SONADER schemeare provided fot comparison. 

Seeds
 

(um/kg) Rice Corn Sorghum Vegetables Nidbd 
Traditional (2/3) 15.6 16 16
Subsidized price for improved (1/3)12 

- 20
 
10 10 
 1800 -
Market cost 
 35 40 40 
 1800 -

Fertilizer : Tricalcium phosphate KCL 
 Urea
 
Subsidized price to farmer 
 12 
 12 12
Market cost 
 10 
 23 33
 
Chemicals : um/kg Azodrine Endosulfan Devis Handu 
Subsidized price to farmer 
 287 127 
 636 57
Market cost 
 575 255 
 1272 115
 
Gas oil : Assumed to be bought on the private market at 27 um/l 
Lubricant : Assumed to be bought locally at 104 u/kg. 

3. Small tools : 
 daba coupe-coupe 
 shovel sickle sacks
 
Number per farm 
 1
Price (um/unit) 

4 
150 
1 

300 150 
4 50150 


asset life 50
3 
 5 
 5 3 
 3
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Capital recovery is calculated for these tools at 8% interest
 per year, coming to 1490 um/year.
 

4. The farm transport cost covers the rental of a donkey cart at
200 um/day. It is assumed the cart can move one ton per day from
field to village. Total tonnage per year x 1000 is therefore the
 
transport cost .
 

5. Pump purchase cost for the Lister BR2 pump is 700,000 um. The
pump can irrigate 15 hectares of land, thus it 
 costs 46670 urn/ha.
Capital recovery on the pump is figured at 8% interest over 5 years,or 11690 um/HA per year. Under the existing SONADER scheme, thefirst pump is subsidized 50%, the second by 33%, and the rest are
bought entirely by the farmer. However, the proposed scheme assumes
that the first pump is subsidized 50% by the project but all others
 
are unsubsidized.
 

6. Pump operation includes the cost of the pump operaw-, at 1200 um/
double cropped hectare per year ; pump repair at 30% o'" capital
recovery ; and the weighted value of gas oil and lubrizant consumptionby crop per hectar. Gasoil and lubricant consumption per crop
based on the Table below. 

are 

Gasoil (a) 150 CFA/l 1/ha rainy season 1/ha dry season 

Rice 
398Corn, sorghum, niibg 

164 
12330 

Lubricant (a) 5 0 CFA/l 

Rice 8 20Corn, sorghum, nigbe 
 1.5 
 6 

7. Oxen purchase and sale : 

bought 2 x 200 kg x 28 um/kg - 112.00 urn/pair oxen
 
-sold 
 2 x 375 kg x 28 um/kg - 21000 um/pair oxen 

Present value of oxen cost  11200 -(210) 3087 

Capital recovery at 8% interest over 5 years 
= - 773. 

8. Animal care and Animal traction equipment : costs are based on
estimated costs at Bakel. (see Bakel notes, page 91). The costsare converted directly to ouguiya at 5 CFA - I um. 
9. Government subsidies : refer to the inputs price table above forsubsidies on seed, fertilizer and chemicals. Under the existing
SONADER schemes the subsidy in each case is the difference between
the cost to the farmer and to the government. Under the proposed
scheme there are no subsidies on inputs.
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Pump subsidies are explainedin footnote 5. Under the existing scheme,

working capital for inputs is entirely borne by SONADER for the
inputs it furnishes since it does not charge interest on inputs

repayments at the end of each season. These inputs are seed, fertilizer,

chemicals, gas oil,and lubricant. Under the proposed scheme, however,

SONADER will not subsidize the working capital for inputs.
 

10. 	Under the proposed scheme, all medium term credit is extended at.

8.0% real rate of interest over five years. 

11. 	On farm consumption is calculated at 150 kg of cereal per person

in the family. The cereals are assumed to be made up 50% by millet
and 	50% by rice. Therefore the average value per kg is calculated 
as follows :
 

Kadi : (16.2 um/kg millet + 23.7 urn/kg rice) + 2 - 20.0 um/kg
cereal. Assuming an average family size of 6 persons, the value of
 on farm consumption is : 150 kg/person. 6 persons/family. 20.0 um/kg
 
- 1800 urn/family. 

Gouraye : (17.0 um/kg millet + 24.6 um/kg rice) " 2 	 - 20.8 um/kg
cereal. Assuming an average family size of 8 persons, the value of on farm consumption is 150/KG/person. 8 persons/family. 20.8 um/kg
24960 um/family. 

12. 	Land value : Oualo land is valued at 1/2 the output of the crop.
Kaddi : 16.2 um x (450 kg/ha + 2) - 3645 urn/ha
Gouraye : 17.0 um x (450 kg/ha + 2) - 3825 urn/ha.

Djeri and fond land are assumed to have no value.
 

13. 	 Labor is valued at 100 UM/adult person day. The labor value is the 
sum of the average labor use per hectaitof each crop weighted bythe area of each crop on the farm, plus the value of the seasonal 
working capital for labor. Working capital is calculated at 8%
 
interest per year over a period of tree months per season. Labor
in year zero represents the farmer's construction labor. Labor in
 year seven and thereafter is raised by a factor representing the
 
extra labor required to harvest the increased production in year
seven due to rising productivity. This factor is the increase in
production per crop weighted by the proportion of labor spent in
 
harvesting each crop.
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Seeds e7102 
Fertil1izerI69 

Chendcals 

Pltp purchase 

Pump operation 

Small tools 

Farm transport 

S A9 

6.5/9.5 
2.S/3.S 

2.S/3.25 

16/22 

1.8/2.1 

.450 

.SOO 

16.1 

17.2 

17.0 

5 

22 

17.0 

17.0 

23340 

11948 

13330 
13175 
9900 

4356 

7650 

17000 

76359 

1634 

690 

5867 

1490 

1200 

10948 

13330 
13175 

9900 

43S6 

7650 

17000 

76359 

1634 

7102 

690 

5867 

1490. 

1200 

10948 

133.30 
13175 

9900 

43S6 

7650 

17000 

76359 

1634 

7102 

690 

5867 

1490 

1200 

10946 

13330 
13175 

9900 

4356 

7650 

1700X 

76359 

1634 

7102 

690 

5867 

1490 

1200 

10948 

13330 
13175 
9900 

4356 

7650 

17000 

76359 

1634 

7102 

690 
23340 

5867 

1490 

1200 

10948 

13330 
13175 

9900 

4356 

7650 

17000 

76359 

1634 

7102 

690 

S867 

1490 

1200 

1223% 

18662 
17127 

12100 

5082 

7650 

17000 

89857 

1634 

7102 

690 

5367 

1490 

1200 

12236 

18662 
17127 
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582 

7650 

17000 

89857 

1634 

7102 

690 

5867 
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1200 

12236 

18662 
17127 

O12100 

5082 

7650 

.170)0 

89857 

1634 

7102 

690 

5867 

1490 

1200 

t 

. 

1 

17127 

1210I 

5062 

7650 

I7(1( 

89.S7 

1634 
7102 

690 
5845 

5367 

1490 
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Seasonal working capital 

TOTAL cXpcnditures 

for inputs 

23340 

359 

18342 

359 

18342 

359 

18342 

359 

18342 

359 

41682 

359 

18342 

359 

18342 

359 

18342 

359 

18342 

359 

24187 

Less covernment suAsidy for Pump 

i:omer's expenditures 

11670 

11670 18342 18342 18342 28342 41682 18342 13342 18342 13342 2418" 
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IM-I . 71:11I CRIDIn" 

Loan for Pump 

Ilpa)lnaeit at 8 1 inticict for 5 years 

0 

11670 

1 

(2900) 

2. 

(2900) (2900) 

4 

(2900) 

S 

23340 

(2900) 

6 

(5800) 

7 

(5800) 

a 

(5800) 

910

(5600) 
5845 

(5600) 

Net cledit flow 11670 -2900 -2900 -2900 -2900 20440 -58009 -5800 -5800 -5800 45 

Income (total value of prodhtio-fanmers
expenditures)

Net income (Income * net credit flow) 

Net cash income (Net incom - Value of
on-farm consaiion) 

Net beefit to labor and capital
(Net incwmw-rental value of land)day 
NtmabLr of personof family labor 

Value of family labor 

et benefit - Value of farily labor 

-11670 
0 

0 

0 

120 

12000 

-12000i 

58017 
55117 

30157 

51292 

375 

3804b 

13246 

58017 
SSIIT 

30157 

S1292 

38046 

13246 

58017 
55117 

30157 

51292 

38046 

13246 

58017 
55117 

30157 

S1292 

38046 

13246. 

34677 
5S117 

30157 

51292 

38046 

13246 

58017 
52217 

27257 

48392 

38046 

10346 

71515 
65715 

40755 

61890 

394 

39984 

2.190 

71515 
65715 

40755 

61890 

39984 

21906 

71515 
65715 

40755 

61890 

39984 

21906 

65670 
65715 

40755 

61390 

3994 

219" 

! 
IN 

•4 
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60335

5545 S5S4S 5545 SS54S. 60375 60375 60375 

5545 55545.3 11.5/12.5 16.1Nce 	 64242 64242 64242 6442

49966 49966 49966


17.2 49966 49966 49966
N.S/4.S
Corn .83 

49385 9967 59967 59%7 59967

49385 49385
49385 49385 49385
.83 3.5/4.25 17.0Sorghim 	 4625046250 4625037000 370 46250


S 370(10 3700D 37000 3700020/25
vegetables .37 

22792 22792 22792 22792

20350 20350 20350 

.37 2.5/2.8 22 20350 0350 20350 

NiCh 

7650 7650 7650 765 7650 7650 7650 

17.0 7650 7650 7650 

Oi.,lo 1.0 

93509350 9350 9350 9350
17.0 	 9350 9350 9350 9350 9350 

29246 Z29246 270626 270626 270626 '7M626 
190r1 1.0 .SSO 

1o1a Luii i='[i&1ii 	 229246 29246 :29246 229246 

EXPEIl'I) URS 
3330 3330 33V0
3330 3330 3330
3330 3330 3330 3330 


Seeds 

37466 374t6 37466


37466 37466 37466 37466 37466 37466 37466 

Fertilizer 
 7462 746Z
7462 7462 74627462 7462 7462 7462 746Z 

Chemicals 17535
700007 .Pump purchase 18384
18384 18384 16384
18384 18384 18384
18384 18384 18384

Pump operation 

1490 1490
1490 1490 1490
1490 1490 1490 1490 1490 

Small tools 
 3800 3800 38003800 3800 3800
3800 3800 3800 3800 

Farm transport 
 (773)
11200 21000)
11200
Oxen bought/sold 
 6132 6132
6132 6132 6132 6132
6132 6132 613Z 6132
Animal care 


290S
20000
Animal traction Equipment-

' 
 161 1561 1561 156i1561 1561 1561 1561 1-6 1561

Seasonal working capital for inputs 

79625 79625 79625 37846279625 90825 128625 79625
101200 79625 79625TOTAL expenditures 

35000tess Government Subsidy for 'ump 

7%25 99367128625 79625 79625 796256620 79625 7.625 79625 90825
l:aiver's expenditures 

WJ 

http:3.5/4.25


Tahl. ss 4b 

lWinal forner eArp
limejiO)'wft at 8 1 intere t for 5 years 
LoAwnAnimal traction Lquilwwn 
Ihkipaymant at 8% interest 5 years 

Net Credit flow 

Income (total value of productionfarzwrs
expenditures)

Net incomae (income * net credit flow) 

Net cash income (Net income - Value ofon-farm consumption) 

Net benefit to labor and capital(Net incoe rental I-Alue of land) 

Nimiber ofperson 0 ily labor 

Value of famaily labor 

Net I"a:fit - Value of family labor 

20000 

50(X0 

-66200 
-11200 

-1120D 

-1120 

360 

36000 

-47200 

(8800) 

(4640) 

.13440 

149621 
136161 

111221 

132156 

532 

54264 

77892 

(8800) 

(4640) 

13440 

149621 
136181 

111221 

132156 

54264 

77892 

(8800) 

(4640) 

13440 

149621 
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111221 

132156 
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(880) 

(4640) 

13440 

138421 
124981 

100021 

121156 

54264 

*66892 

70000 
(5800) 

(4640) 

56S60 

1006s21 
157181 

132221 

153356 

542b4 

9!092 

(1754040 

-17540 

149621 
132081 

107121 

128256 

54264 

73992 

) (17 

-17540 

191001 
173461 

148501 

16963b 

558 

5616 

112720 

(17540) 

(1S40 

-17S40 

191001 
173461 

148501 

169636 

56916 

112720 

17540) 

17540) 

17540 

1911)01 
173461 

148501 

19636 

5691b 

112720 

17540 
17540) 

1754027bO 

(27U) 

0 

171259 
171259 

146299 

167430 

50916 

110518 

- ------- -
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Rice 

Cons 

Sorghum 

V'cgetablcs 

Ni6bf. 

'alo sorghum 

vjLri 

.2 

.07 

.07 

.03 

.03 

2 

I -

8.5/9.5 

2.5/3.5 

2.5/3.ZS 

18/22 

18/2.1 

.450 

.450 

15.6 

16.4 

16.2 

5 

22 

16.2 

16.2 

26520 

2870 

2835 

27O 

l.88 

14580 

7290 

26520 

2870 

2835 

2700 

ile 

14580 
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26520 

2870 

283S 

2700 

1188 
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26520 
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2835 

7Q 

lies 
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26520 

2870 

2835 
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1188 
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2835 

2700 

1188 
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26520 
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2835 

27t 

e188 
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29640 

4013 
3686 

3300 

1386 

14580 
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4018 

3686 

330U 

1386 

14580 

7Z90 

29b40 

4018 

368b 

3303 

1336 

14580 

7290 

29640 

"4018 

3WF6 

3310 

1386 

1458) 

7290 
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EXWP).IUJES 

Seeds 

Fertilizer 

Chemicals 

Pump purchasa 

Pump operation 

Small tools 

Farm transport 

57983 

14000 

57983 

1694 

3363 

282 

S517 

1490 

710 

57983 

1694 

3363 

282 

5517 

1490 

710 
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1694 

3363 

282 

5517 

1490 

710 

57983 

1694 

3363 
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5517 

1490 
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1694 
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14000 

5517 

1490 
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57983 

1694 

3363 

282 

5517 

1490 

710 

63900 

1694 

3363 

282 

5517 

1490 

710 

63900 

1694 

3363 

282 

5517 

1490 

710 

63900 

1694 

3363 

282 

5517 

1490 

710 

,3900 

1694 

3363 

282 

3503 

5517 

1490 

710 

Seasonal working capital for inputs 261 261 261 261 261 261 261 261 261 261 

TUTAL expenditures 

Less Govermunt subsidy for pump 

14000 

7000 

13317 13317 13317 13317 27317 13317 13317 13317 13317 16817 

Farmer's expenditures 7M3 13317 13317 13317 13317 27317 13317 13317 13317 13317 16817 
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Net iljk/it - %'alue of faraily labor 

0 


I 


7" l3
 

7000 
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Rupll at 8 " inlt..tt or 5 )'car 

Loan for animal traction cquilaent 
IlePAymaent at 8 1 interest over 5 years 

N.t.....cdit fl 

MO 

S0330 

(7t4) 

(4640) 
-12240 

(7"())) 

(4b40) 
-12240 

(7U.0) 

(4640) 
-12240 

(7(,XI) 

(4640) 
12240 

606 7030330 

(7X)) IS2( 

(4640) 
48430 -1s200 

(15-AU) 

-ISZ0O 

(152M) 

-15200 

(152tU1 

-152X ) 

ISXI 

(15-t) 

27W 

(2760) 
0 

lncucw (total value c. produccion-farmers 
expenditures) 

Net income (Income * net Lredit flow) 

Net cash income (Net incogl - Value of
on-faim conswqjtiofl) 

Net benefit to labor and capital(Net inco.ne rental value of land) 

das
Number ofpersonof family labor 
Value of family labor 

Net Benefit - Value of family labor 

-61540 
-11210 

-11210 

-11210 

312 

31200 

-42400 

142614 
130374 

112374 

126729 

535 

56175 

705S4 

142614 
130374 

112374 

12729 
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142614 
130374 

112374 

126729 

56175 
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131414 
119174 

101174 

115529 

56175 

59354 

206741 
255171 

237171 

251526 

S6175 
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142614 
127414 

109414 

123761 

56175 

67194 

1084(4 
153246 

135246 

149601 

546 

57324 

92277 

168464 
IS3246 

13S246 

149601 

57324 

92277 

IWO464 
153246 

135246 

149b01 

57324 

92277 

168454 
151054 

133054 

1474N 

57324 

9")BS 

GO
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NOTES : Kayes Farm Budgets 

1. 	 Areas and yields are taken from estimates made in the technical
 
report. Two yields are given for each crop. The first applies to
 
production for the six years of the project. The increase in year 
seven reflects expected increases in productivity. 

Prices include byproduct values per kilo of grain and are based
 
on 	 the following assumptions concer-ing destination of output. 

FM/kg 

Rice 148.4 FM/kg + (.05 kg bran/kg paddy x 30FM/kg bran)- 149.9 Kayes 
Corn 141.8 Kayes 
Sorghum 139.4 Kayes
 
Vegetables 
 40.0 village 
Nidbi 200 FM/kg + (1 kg hay/kg bean. 20 FM/kg hay) 220.0 Kayes 
Peanuts 250 FM/kg + (1 kg hay/kg bean. 20 FM/kg hay) 270.0 Kayes 

2. 	 Inputs values have been calculated using the input coefficient
 
provided in Table 41 for manual farms and Table 42 for animal
 
traction farms. Under the proposed scheme, improved seeds are 
expected to be sold at cost, and renewed every 3 years for grains. 
Traditional seed is valued at the market prip-e. 

Seed FM/kg
 

Rice Corn Sorghum Vegetables Peanuts Niebd
 

Traditional 148.4 141.8 139.4 - 250 200
 
Improved 175 262 227 18000 300 -


Fertilizer is assumed to be unsubsidized in the proposed scheme.
 

Fertilizer prices FM/kg Tricalct.- Phosphate KCL Urea
 

Market costs 
 103 	 236 3.38 

Chemicals are assued to be unsubsidized under the proposed system.
 

Endosulfan Azodrine Decis Manebe Diazinon
 

Market cost r
 
FM/kg 2554 2754 14750 1150 994
 

3. Pmp purchase. The HR2 Lister pump costs 8325,000 FM (1981/82) not 
including accessories. (These are included in construction costs 
for the perimeters). Each pump will irrigate 15 hectares ; therefore, 
pump purchase costs ire 550,000 FM/ha. Capital recovery on the pump 
is Lt 8% interest over five yea-- or 128 700 FM/year. 

4. Pump Operation includes the salary of the pump operator at9,000 FM/ha 
per year, pump repair and maintenance at 302 of the annual capital 
recovery on the pump, (or 128,700 FM/RA. 3 -3C.600 CFA/ha), and the 
pumps 'consumption of gamoil and lubricant per crop veighted by the 
area of each crop under irrigation on the farm. Gasoi. and 'ubr cant 
consumption per crop are based on the table b.4iv. 
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Gasoil (a) 375 FM/1 
 1/ha rainy season 
 1/ha dry season
 

Rice 
 164 
 398
 
Corn, sorghum, nidbd 30 
 123
 

Fabricant (a) 930 FH/la
 

Rice 
 8 
 20
Corn, sorghum, nidbd 
 1.5 
 6
 

5. 	 Small tools cost is the annual capital recovery at 8%interest on
the 	following farm tool package.
 

Tool costs/ha/season
 

Tool *Zo.ha Asset life 
 Unit cost capital recover 8 Z/yr
 

Daba 4 
 3 yrs. 600 
 647
Coupcoup 1 
 5 yrs. 600 

1 	 5 yrs. 1500 

.139
Shovel 

348
Sickle 4 
 5 yrs. 500 	 464
Jute sack 50 
 3 yrs. 400 
 7185
Sprayer 
 1 	 3 yrs. 9780 
 3513
 

total 

12300 ha/yr
 

6. Farm Transport costs cover the rental value of a 
donkey cart used
for 	transporting produce from field to village. It is assumed
that a cart can move one ton a day at 
a cost of 2000 FM/cart-day.
 

7. Oxen Purchase/Sales : Oxen are assumed to be bought at a weight of
200 kg and sold at a 
weight of 375 kg after 5 years of service. 

Team oxen bought (2x 200 kg x 180 F/k&)  112,000 CPA
Team oxen sold 
 (2 x 375 kg x 280 F/kg) - 210,000 CFA
 
Capital recovery is calculated at 8% interest over five years for
the present value of a pair of oxen bought and then sold in five
 
years.
 

8. 	Animal care costs and Animal Traction Equipment costs are based on
estimated costs at Bakel (see page 
 ). Costs are converted into
Malian francs at an exchange rate of 2 FM -1 CPA.
 

9. 	There are assumed to be no government subsidies on production.
 

10. 	Medium-term credit is extended at an 8% real (13Z nominal) rate
 
of interest over 5 years.
 

11. 	 On farm consumption assumes a family of 13 persons consuming

150 	kg of cereals per person. An average cereal price is
estimated at 185.0 FM/kg which is a weii;hted average of rice and
sorghum prices assuming a 50% consumption of each cereal. Thus,
persons/family x 150 kg cereal/person x I85,O NH/'g cereal o
360,760 FM/family per year which is 	 the va, a of 'arm comnetmpti e. 
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12. Land rental value 
: Land value is zero since the availability of
dryland is assumed to be unlimited, and land on which irrigated

perimeters are built is assumed to have no use value before the
investment. Cultivated recession land is assumed to be non
existent in Kayes region.
 

13. Labor values 
are calculated using the labortime coefficients in
Tables 41and 4 weighted by the areas of each crop per farm.
Labor times are increased in the 7th year to account for increased
harvesting activity with rising yields. Labor valued at a constant
price per adult person-day of 750 FM/day. Labor value also includes
the seasonal working capital for labor at 8% interest per year

over one half a crop season.
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NOTES : Bakel Farm Budgets
 

1. Areas and yields are taken from estimates made in the technical
 
report. Two yields are given for each crop. The first applies to
 
production for the first six years of production. The increase
 
in year seven reflects expected increases in productivity.
 

Prices include byproduct values per kilo of grain and are based
 
on the follcwing assumptions concerning destination of output.
 

Rice 74.0 CFA/kg + (.05 kg bran/kg paddy x 15 CFA/kg bran)- 74.7 Bakel
 
Corn 
 69.5 "
 
Sorgbum 68.3 "
 
Nidbi 75 CFA/kg + (1 kg hay/kg bean . 10 CPA/kg hay) 85
 

2. Inpu' values have been calculated using the input coefficient
 
provided in Table 41 for manual farms and Table 42 for animal
 
traction farms. Under the proposed scheme, improved seeds are
 
expected to be sold at cost, and renewed every 3 years (for grains).
 
Traditional seed is valued at the market price.
 

Seed CFA/kg Rice Corn Sorghum Vegetables Nidb 

Traditional 63.6 69.5 68.3 - 75
 
Improved 90 80 80 9000 -

Subsidized price
 
for improved seed 69.2 59.6 62 - -


Fertilizer is assumed to be unsubsidized in the proposed scheme,
 

thourh it is highly subsidized under the current system.
 

Fertilizer Prices CFA/kg Tricalcium Phosphate KCL Urea
 

Market costs 49 115.5 166.5
 
Current subsidies prices 25 25 25
 

Chemicals are unsubsidized under both the proposed and the current
 
systems.
 

Endosulfan Azodrine Decis Manebe Diazinen
 

Market cost
 
(CFA/kg) 1 275 2 875 7 357 575 495
 

3. Pump purchase. The HR2 Lister pump costs 3,300,000 CPA (1981/82)
 
not including accessories. (These are included in conscruction
 
costs for the perimeters). Each pump will irrigate 15 hectares ;
 
therefore pump purchase costs are 233, 330 CFA/ha. Capital
 
recovery on the pump is at 8% interest over five years or
 
58,400 CFA/year.
 

4. Pump Operation includes the salary of the pump operator at
 
6,000 CFA/ha per year, pump repair and maintenance at 30% of
 
the annual capital recovery ( the pump, (or 58,400 CFA/ha x .3
 
17,500 CFA/ha), and the pump' cunsumption of gaaoil and lubricant
 
per crop weighted by the .iroas of oamh crop inder krriwaton on 
the farm. Ga.oil and lubriant ' n pnm rrp are tis.md -)n.r 


the Table elo .
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Gasoil (a) 150 CFA/i i/ha rainy season 
 i/ha dry season
 
Rice 


164
Corn, sorghum, nidbi 30 	
398
 
123
 

Lubricant (a)500 CFA/i
 

Rice 

20
Corn, sorghum, nidbi 	

8 
1.5 
 6
 

5. Small tools cost is the annual capital recovery at 8% interest onthe following farm cool package.
 

Tool costs/ha/season 	 Rice
 
Tool ha/yr Asset life 
 Unit cost 
 Capital recovery
 
Daba 4 3 yrs. 	 CPA/yr.750 CFA
Coupcoup 	 1078
1 5 yrs. 750 CPA 	 174
Shovel 
 1 5 yrs. 1,500 CFA
Sickle 
 4 
 5 	yrs. 1,000 CPA 

348
 
Jute Sack 	 927
50 3 yrs. 
 250 CPA
Sprayer 	 449.1
1 3 yrs. 3,790 CPA 1,362
 
Total 


8,380 CFA/ha/yr.
6. Farm Transport costs cover the rental of a donkey cart used for
transporting produce from field to village. It is assumed that a
cart can move one ton a day at a cost of 1 000 CFA/cart-day.
 
7. Oxen Purchases/Sales. Oxen are assumed to be bought at a
200 kg sold at a weight ofand weight of 375 kg after 5 years of service. 

Team oxen bought (2 x 200 kg x 140 F/kg) - 56, 000 CFATeam oxen sold (2 x 375 kg x 140 F/kg) - 105, 000 CPA 
Capital recovery is calculated at 8%interest over five yearfor the present vali.e of a pair of oxen bought and then sold

in five years. 

8. Animal care cr-sts (and operating expenditures) calculated perare 
hour of oxen use. 

Feed costs 
: heavy rations 60 days x 121 CPA/day x 2 oxen a 14, 520
medimn ration 200 days x 80 CFA/day x 2 oxen - 32, 000
 
Veterinary costs:vaccinations, internal, external parasites,


emergency care 1.200 CFA/ox-yr. 
 a 2,400
 
Farm labor for care of oxen (1/2 day x 1/2 man/hr x 365+ 	6 hrs/day x 500 CFA/man/day days) 

- 7,500 
Equipment repair 
:	5% of equipment amortization
 

.05 x (95 840 CFA 4 10 years) 
 " 480
Total annual animal care costs per pair of oxen 
 56.900 CTA/yr.
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Average oxen hours per year :
 

I ha rice x 2 seasons x 60 hrs/season - 120 hrs 
I ha other crops x 2 seasons x 58 hrs/season - 116 hrs 
2 ha traditional crops x 45 hrs/season - 90 hrs 

Total 	 326 hrs
 

56 900 CFA/yr " 326 hr/year - 175 CFA/oxen-hr. 

Animal care costs per farm are based on a calculation of oxen 
hours used per crop activity (see tables 41 and 42 ) weighted 
by that activity's contribution to the total farm. 

9. Animal traction equipment inclu'es the following package.
 

multiculture (Arara) 
traction regulator 
cultivator 5 teeth 
mobile buttoir 
reversible plow 
yoke and chains 

19,139 
1,451 

16,049 
9,114 

45,704 
4,383 

CPA 

Subtotal 
Transport Dakar-village 

95,840 
2,400 

98,240 100,000 CFA. 

10. Government subsidies 

The existing SAED system provides fertilizer at 25 CPA/kg for all
 
fertilizers. This results in a subsidy of 24 CFA/kg of Tricalcium
 
phosphate, 90 CFA/kg for Potassium Cloride, and 141 CPA/kg for
 
Urea. Seeds are also subsidized at 20.8 CFA/kg for rice, 20.4 CFA/kg
 
for corn and 18 CFA/kg for sorghum. The first pump for a perimeter
 
is given free to the farmers by SAED. All other pumps are bought
 
by the farmers. 

The 	 proposed system would eliminate the subsidies on both seeds 
and fert.i.lizer and reduce the subsidy on the first pump to 50%
 
of cost. Pump replacement costs are borneentirely by the farmer.
 

11. 	Medium-Term Credit
 

Under the existing SAED systea, medium-term credit is extended
 
for pumps at 8.5% nominal interest rate over three years.
 
Assuming a 5% rate of inflation, this reflects a 3.5% real rate
 
of interost. The proposed qystem would extend credit for 5 years
 
at a 8% real rate of interest.
 

12. 	On-farm Consumption assumes a family of 8 persons consuming 150 kg
 
per person per year of cereals. The average cereals price is
 
estimated at 81.3 CFA/kg which is a weighted average of rice and
 
sorghum prices assuming a 50% consumption of each cereal. Thus,
 
8 persons/family x 150 kg cereal/person x 83.1 CFA/kg cereal 
99,720 CFA/family per year/which is the value of farm consumption. 



93 

13. Land rental value is assessed only for recession (walo) lands.
 
The availability of dryland is assumed to be unlimited. And land
 
on which irrigated perimeters are built is assumed to have no use
 
value before the investment. Recession land is rented on a
 
sharecropping basis for 50% of the harvest, assuming 450 CFA/ha
 
at 68P3 CFA/kg its land value is 15,367 CFA/kg.
 

14. Labor values are calculated using the labortime coefficients in
 
Tables 41 and 42 weighted by the areas of each crop per farm.
 
Labor times are increased in the 7th year to account for increased
 
harvesting activity with rising yields. Labor is valued at a
 
constant price per adult person-day of 500 CFA. Labor value also
 
includes the seasonal working capital for labor at 8% interest
 
per year over one half a crop season.
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l c 
31 

tUILC 
Rice 

Cotn 

Sorghum 

Nib6 

Oualo 

Tri Millet 

.25 

.25 

.125 

.125 

3.0 

2 

8.5/9.5 

2.5/3.5 

2.5/3.2s 

1.8/2.1 

.450 

.500 

74.7 

09.5 

68.3 

85 

68.3 

68.3 

158737 

43440 

21340 

19120 

30730 
6830 

158737 

43440 

21340 

19120 

30730 
68300 

158737 

43440 

21340 

19120 

30730 
68300 

358737 

43440 

21340 

19120 

30730 

68300 

158737 

43440 

21340 

19120 

10730 

08300 

lS8737 

43441) 

21340 

15120 

307.V 
u830 

177412 

WM1IO 

27740 

22310 

30730 

68300 

177412 

W 10 

27740 

22310 

30730 

6834X) 

177412 
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27740 

22310 

0730 
t8300 

177432 

60 

27740 

22310 

3071o 
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-IXPEMDIIJRES 
Seeds 

Fertilizer 

Chemicals 

Pmap purchase 

Pump operation 

Small tools 

Farm transport 

k341667 

110700 

8070 

27970 

1340 

40350 

8380 

4000 

341667 

8070 

27970 

1340 

40350 

8380 

4000 

341667 

8070 

27970 

1340 

40350 

8380 

4000 

341667 

8070 

27970 

1340 

40350 

8380 

4000 

341007 

8070 

27970 

1340 

116700 

40350 

8380 

4000 

341167 

1.h070 

27970 

1340 

40350 

8360 

4000 

387302 

8070 

27970 

1340 

40350 

8380 

5000 

387302 

8070 

27970 

1340 

4035.0 

8380 

5000 

3873t2 

8070 

27970 

13411 

40350 

t3SID 

5000 

387312 

8070 

27970 

1340 

29230 

403M0 

83S0 

5000 

Seasonal working capital for inpuits 1928 1928 1928 1928 1925 1928 1928 1928 1928 1928 

WrTAL exlpenditurcs 136700 .92038 92038 92038 92038 208738 92038 92038 92038 92038 121238 

less Govenwent subsidies 
.Tax Oil gasoil 
Paamrs expenditures 

for ptp 58350 

58350 
(6292) 
98330 

(6292) 
98330 

(6292) 
98330 

(6292) 
983341 

(62921 
21S030 

(62!21 
98331 

(6292) 
983.) 

(0b92) 
98A3A3 

(-92 
983.U) 

(22 
127560 
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tEI1IIM TEIN CRFIIIT 

Loan for Pump 

Repa)lncnt at 8 1 interest for 5 years 

58350 

(14614) (14614) (14614) (14614) 

116700 

(146141 (29230) (292.(3 (20230) (29230) 

29230 

(292341) 

Net credit flow 

1NCCWg 

Income (total value of productio -farme rs 
expenditures) 

Net income (Income + net credit flow) 

Net cash income (Net income - Value of 
on-farm consumption) 

Net benefit to labor and capital
(Net income rental value of land) 

days
Nuanber of persobf family labor 

Value of family labor 

Net Pnefit - Value of family labor 

58350 

-5835t 

1 

C 

120 

6=000 

-60CO 

(14614) 

243340 
228726 

129116 

213360 

388 

197880 

15480 

(14614) 

243340 
22872C 

12 

213360 

19788C 

1548 

(14614) 

243340 
228726 

129006 

213360 

197880 

15480 

(14614) 

243340 
228726 

129006 

213360 

197880 

15480 

102086 

126637 
226723 

129003 

213356 

197880 

1S476 

(29230) 

243340 
21411Q 

114390 

198740 

197880 

860 

(29230 

288970 
259740 

1600:1 

244370 

408 

208080 

36290 

(29230) 

288970 
259740 

160020 

244370 

208080 

3629QO 

(29230) 

288970 
259740 

160020 

244370 

208080 

36290 

(29230) 

259740 
259740 

160020 

244370 

208080 

36290 

urn 
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Pr-ition .. "W 

Rice .75 
 4.5/12.5 


Corn .75 
 3.5/4.5 

Sorghtum .375 3.5/4.25 
Ni~bd .375 
 2.5/2.8 

kzalo sorglhat 1 .450 


Djeri millet 1 .550 


1-11 X1U2L- [2 .. 12U 


EXPDI41ThWIS 
Seeds 


Fertilizer 


Chmicals 


Pump purchase 


Smoperation 


Faall tools 

FarO transportld 

Oxen bought/sold 

Animal care 


Animal traction Equipmtnt 


Seasonal working capital for inputs 

1U1AL expenditure-


Less GovernTiant stdsidies for p"a 
Tax oi gasoil 

Fur s exipenditures 


e
 

74.7 


09.5 


68.3 


85 


68.3 


68.3 

35OtW 


56CMO 

icxs0 

50600 


175800
 

3310)0 


644287 


182437 


89643 


79687 


41735 


37565 


1064354 


15497. 


76693 


11848 


115436 


8380 


13= 


31720 


5195 


277769 


(18876) 


29(j(j45 

644277 


182437 


8%643 


7.87 


30735 


375b5 

354 


15497 


76693 


11848 


115436 


8380 


1300 


31720 


5195 


277769 


(18876) 


29O4S 


644287 


182437 


8643 


79087 


30735 


375b5 


1064354 


15497 


76693 


11848 


115436 


8380 


13000 


31720 


5195 


277769 


(18870) 


296645 


44287 


182437 


89643 


7!k87 


30735 


37565 


1064354 


15497 


7X693 


11848 


115436 


8380 


13000 


560)0 
31720 


5195 


377769 


(18876) 


352645 


644287 


182437 


89643 


7987 


3073S 


37565 


106434 


15497 


76093 


11848 


3500 


11543b 


8380 


13000 


(I 050)00 
31720 


5195 


522769 


(1887b) 


541645 


b44287 


182437 


89643 


79087 


30735 


37565 


1064354 


15497 


76693 


11848 


115436 


8380 


1300 


31720 


5195 


277769 


(1T876) 


_9665
45 


700312 


234562 


108853 


89250 


300735 


37565 


1201277 


15497 


76093 


11848 


115436 


8380 


154XO0 

3172C! 

5195 


279769 


118876) 


298645 


,W31 


23450.1 
10885j 

9.5] 


3073. 


375(. 

12111277 


15497 


76063 


11848 


11543b 


8380 


1500) 

31720. 

5195 


279749 


1188,) 


SUS 

70U312 


23452 


I0F85. 


89250 


30735 


37565 


1201277 


15497 


76693 


11848 


115436 


8380 


150X0 


31720 


5195 


279769 


(I8876) 


298b45 


-t)033IZ 

234562
 

I08853
 

89250
 

30735
 

37565
 

1201277
 

15497
 

7t693
 

11848
 

11166
 

115436
 

8380
 
ISiXto
 

1 3872)
 

31720
 

14900
 

5195
 

290797
 

(I,87b)
 

39673
 

I0 
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Table n b." 

MEDI ITI1I1 CPJJ)IT 

Loan for Pisq) 

Repayment at 8 S interest for 5 years 

lan Animal traction Equipmenib .' 

Repa .n at 8% interest 5 years 

. 

Nit cretit t~ow 

.J75000 

IX) 

27500 

(43830) (43830) 

(25050) (25050) 

(68880) (68880) 

(43830) 

(25050) 

(68880) 

(43830) 

(25050) 

(68880) 

3SUMay 

(43830) 

(25050) 

Z81120 

876bO) 

(87660) 

(876W0) 

(87660) 

(876W0) 

(87660 

(87WI) 

(87u60) 

81166' 

(81166) 

ZSOSO 
(25050) 

0 

INOM 
Income (total value of productioan-faners 

expenditures) 
Net income (Income * net credit flow) 
Net cash income (Net income - Value of 

on-farn consumption) 

Net benefit to labqur and capital
(Net income rental value of land) 

days 
Number of persoor family labor 
Value of family labor 

Net Benefit - Value of family labor 

-3310OC 
-5600 

- S6000 

- S6000 

360 
180000 

-236000 

76771k 
698830 

599110 

683460 

571 
291210 

392250 

767710 767710 
698830 698830 

599110 599110 

I 
683460 6834n-

291210 291210 

392250 392250 

711710 
642830 

543110 

627460 

291210 

335290 

522710 
803830 

704110 

788460 

291210 

497250I 

767710 
680050 

580330 

664680 

291210 

373470 

902630 
814970 

715250 

799600 

600 

306000 

493600 

902630 
814970 

715250 

7996W 

306(M 

4936a) 

902630 
814970 

7152SO 

799600 

306"0 

493600 

89160 
1916CO 

791880 

870230 

306( 

57023) 

___________________________________________________________________ ________________________________________________________________________ 

I

d (0 
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NOTES : Podor Farm Budgets 

1. Areas and yields for the model farms are taken from the agronomists'
technical analysis. (See tables 41 and 42 ). Yields are assumed to
increase from the first to the second figure in the seventh year,

reflecting expected increases in productivity.
 

Prices include the value of byproducts per kilogram of grain and
 are based on the following assumptions concerning destination of
 
output.
 

Rice 	 68.8 CFA/kg + (15 CFA/kg bran x 0.5 kg bran/kg paddy)
(milled locally with small hullers) 69.5 Saint-Louis

Corn 
 72.5 	Podor

Sorghum 71.3 	 Podor
Nidbd 75 CFA/kg + (10 CFA/kg hay x I kg hay/kg bran) 85 Podor
Tomatoes 20 	 Dagana Cannery 

2. The use of inputs is based on the technical coefficients provided in
Tables 41 and 42 .All input prices 
under the proposed scheme are.at
 
market cost. 

Seed (CFA/kg) Rice Corn Sorghum Tomatoes Nigb4 

Traditional 2/1 68.8 72.5 71.3 - 75 
Improved 1/3 90 80 80 9000. -

Fertilizer Tricalcigue ohosphate KCL Urea. 

CFA/kg 43 110 160 

Chemicals Azodrine Endosulfan Decis Manebe 
Diazonin
 

CPA/kg 2 868 
 1 269 6 351 568 
 488
 

3. The fixed charge to farmers covers three different costs 

Perimeter maintenance and management 
 Annual Hixed cost
 
calculated at 5% of annual amortization CFA/ha
 
on construction investment
 
(.05 x (2,035,000 CPA/ha + 30 years) 
-	 3,400 

Pump 	repair and maintenance at 10Z of annual 
amortization of pump investment cost
 
(450,000 CFA/ha " 15 years) x .10  3,000
 

Pump replacement sinking fund assuming 8%
 
real rate of interest  16,000
 

Total fixed charge to farmers 23,000
 

4. The water charge to farms is calculated from the electricity cost
 
per cubic meter of water used. Assuming that small electrogenera
tors will be used (250 KVA), and are operated at 3/4 capacity,

SAED 	has estimated electricity production costs at 73.5 CFA/kwh.
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Water costs are 	calculated as follows :
 

Rainy season water cost : 	3.5m lift x .0043 kwh/m3 x 1.4 
efficiency x 73.5 CPA/kwh - 1.549 CFA/m 

Dry season water cost : 	7.Om lift x .0093 kwh/m3 x 1.4 
efficiency x 73.5 CFA/kwh - 3.097 CFA/M 3 

Rainy season Dry season
 

Rice water requirement (M3/ha) 12,000 
 18,000

charge (CFA/ha) 
 18,600 55;700
 

Polyculture water requirement (m3/ha) 5,000 6,000

charge (CFA/ha) 
 7,700 	 18,600
 

Tomatoes water 	requirement (m/ha) 
 0 14,000

charges (CFA/ha 
 0 43,400
 

5. Small tools costs is the annual capital money at interest on a
 
package of tools which includes :
 

Tool number asset life asset cost capital recovery
 

Daba 4 3 
 750 1,078

Coupcoup 	 1 
 5 750 	 174

Shovel 	 1 
 5 1,500 	 348

Sickle 	 4 
 5 1,000 927

Jute sack 30 3 250 4,491
 
Insecticide
 
sprayer 1 3.
 3,790 	 I,362
 

8,380
 

6. Farm Transport covers rental of a donkey cart at 1000 CFA/day and 
assumes one ton of produce can be moved from field to village in
 
a day. Farm transport is not used for the tomato harvest, since

they are picked up in the 	fields by tomato cannery trucks.
 

7. Oxen are assumed to be brought at a weight of 200 kg and sold at 
375 kg after five years. 

Team oxen bought : 2 x 200 kg x 140 CPA/kg - 56,000 CFA
Team oxen sold : 2 x 375 kg x 140 CFA/kg - 105,000 CPA
 

For years 10-30, capital recovery at 8Z interest over five years

is calculated for the present value of oxen cost.
 

8. Animal care 	costs are based on the analysis for Bakel (see page 91).

However, feed requirements havc been adjusted upwards due to the
 
relative scarcity of pasturage around Podor.
 
Feed costs heavy ration 60 days x 121 CFA/day x 2 - 14,520
 
med-urn ration 250 days x 80 CFA/day x 2 - 40,000
 

54, 520 
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Vaterinarv cost.s.' 200 CPA ox/year) 2,400 

Farm labor (1/4 md x 365 days x 500 CFA/md) 	 7,500
 
Equipment repair (5% of equipment amortization) 480
 

64,800 CFA/yr 
326 ox-hours/year - 199 CPA/hour 

9. Animal traction equipment (same as for Bakel, see page 91)
 

10. 	On farm consumption assumes a family of 10 persons, each consuming

150 kg of cereals in a year. The average price of cereals is a
 
weighted average of local rice and sorghum prices for a diet made
 
up 50% by rice and 50% by sorghum. Thus (68.8 4-65) (50) + (71.5)

.50 x 10 x 150  133 	010 CFA/year value of on farm consumption.
 

11. 	Land Rental Value : Land value is assessed only for recession
 
(wAlo lands. It is rented on a sharecropping basis for 50% of
 
the harvest.
 
(450 kg/ha x 71.5 CFA/kg) * 2 - 16,087 CFA/ha per year. 
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Prolm.,t ioil Y Pr ice 

Rice 

Corn 

Sorghtu 

Tcatoes 

NOMb6 

Oualo 

.25 

.25 

.25 

.25 

.25 

3 

8.5/9.5 

2.5/3.5 

2.5/3.25 

18/22 

1.8/2.1 

450 

76.7 

72.5 

71.5 

20 

85 

71.3 

162987 

45312 

44687 

90000 

38250 

96255 

2 g='-i-iJg 

EXPENDI'TURES 

Seeds 

Fertilizer 

emicalS 

Fixed charge for perimeter maintenance 

water charge 

Smal t'-ols 

Farm transport 

477491 

8840 

46860 

6880 

17230. 

37920 

8380 

S(00 

Seasonal working capital for Lnptts 2370 

ITOAL Expenditures 133480 

Farmer Expenditures 133480 

162987 


45312 

44687 

90000 

38250 

96255 

477491 

8840 

46860 

6880 

27230 

37920 


8380 

5300 

2370 


113480 


133480 


"-'.-. 

162987 162987 


45312 45312 

44687 4468? 

90000 O00 

38250 38250 

96255 96255 

477491 477491 

8840 8840 

46860 46860 

6890 6880 

17230 17230 

37920 .7920 


8380 8380 

SO0 5(00 

2370 .1370 

133480 133480 


133480 133480 


1b2987 

45312 

44687 

90000 

38250 

9625 

477491 

8840 

46860 

6880 

17230 

37920 


8380 

5(0) 

2370 


133480 


133480 


I 

162987 


45312 

44687 

90000 

38250 

96255 

477491 


8840 

46860 


6880 

17230 

37920 


8380 

S00 

2370 


133480 


133480 


182162 


63437 

5809.4 

1lXI0 

38250 

96255 

554573 

8840 

46860 


6880 

17230 

379Z0 


8380 

6000 

2370 


134480 


134480 


182162 

63437 

58094 

IIOLX) 

38250 

Q62SS 

5S4573 

8840 

46860 


6880 

17230 

37920 


8380 

6000 

2370 


134480 


134480 


182162 182162 

63437 63437 

58094 58094 

I I(XXU I 1C0X 

38250 382SO 

9b255 96255 

5S4573 554573
 

884(1 8840 

46860 46860 

6880 6880 

17230 17230 

37920 37920
 

8380 3380 

6000 600 

2370 2370 

134480 134480
 

131480 134480
 

0 



Table n' 64 

W-311ilM ITIM MDR]H Noo 

I NM4L 

Income (total value of llroductio- farme~rs 
expenditures) 

Net income (Incarm * net credit flow) 
Net cash incomae (Net income - Value of 

on-farm consuzqlticm) 
.Net benefit to labor and capital 
(Net income rental value of land) 

Number ofperson o ly labor 

Value of family labor 

Not Benefit - ValuL of fam~ily labor 

0 
0 

0 

0 

I80 

90000 

9Cw 

67.34 

344010 
344010 

211000 

295750 

467 

238170 

57580 

344010 
344010 

211000) 

295750 

238170 

57580 

344010 
344010 

211000 

295750 

238170 

57580 

344010 
344010 

211000 

295750 

238170 

5USB0 

344010 
344010 

2110WU 

295750 

238170 

57580 
i0 

344010 
344010 

211000 

295750 

238170 

57560 

420W 
420090 

287060 

371830 

485 

247700 

124130 

420090 
4200)90 

287080 

37183 

247700 

124130 

420)90 
420110 

287080 

371830 

247700 

124130 

42()JO 
420.90 

237080 

371830 

247700 

124130 

'. 
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P1 i of 415 

Rice 

Cont 

Sorghtim 

Tomaatoes 
Nib6 

Walo 

.S 

.5 

.5 

.5 

.5 

2.5 

11.5/12.5 

3.S/ 4.S 

3.5/4.25 

20/25 
ZS/2.8 
.450 

76.7 

72.5 

71.3 

20 
85 

71.5 

44102S 

126875 

124775 

200"u 
106250 

80212 

441025 

126875 

124775 

zo0(CM 
106250 

8021 

441025 

126875 

124775 

200000 
106250 

80212 

441025 

126875 

124775 

20()JO 
106250 

80212 

441025 

126875 

14775 

2(XY l 
106250 

80212 

441025 

126875 

124775 

200000 
106250 

80212 

441025 

126875 

124775 

200")f 
1.06250 

80212 

479375 

163125 

151512 

25COMX 
119000 

8OZ12 

479375 479375 

163125 163125 

1S1512 151512 

ZSCOn 25CO 
119000 119000 

80212 80212 

479375 

163125 

151512 

ZsatXn 
119000 

80212 

] =2L[L'J.i2 1o~1=X1079137 1079137 1079137 1079137 1079137 1079137 1079137 1243224 1243224 1243224 1243224 

EXPENDITURES 

Seeds 

Fertilizer 

Chemicals 

Fixed charges for perimeter maintenance 

Water charges 

Small tools 

Farm transport 

Oxen bought/sold 

Animal care 

Animal traction Equipment-

Seasonal working capital for inputs 

56000 

100000 

14610 

176150 

4B000 

31460 

75850 

8380 

1100 

34848 

7868 

14610 

176150 

48000 

34460 

75850 

8380 

11000 

34848 

7868 

14610 

176150 

48000 

34460 

75850 

8380 

!1100 

34848 

7868 

14610 

176150 

48000 

34460 

75850 

8380 

11000 

56000 

34848 

7868 

14610 14610 

176150 176150 

48000 48000 

34460 34460 

758S5 75850 

8380 8380 

11000 11(1K 

(105000 

34848 34848 

7868 7868 

14610 

176150 

48000 

34460 

7580 

8380 

11000 

34848 

7868 

14bI( 

17615C 

4800t 

3446 

7585( 

8381 

11004 

34841 

7861 

14610 

176150 

48000 

34460 

75850 

8380 

11000 

3484S 

7868 

14610 

176150 

48000 

34460 

75850 

8380 

11000 

(3872) 

34848 

14900 

7968 

Total exlcnditures 

rarmers' expenditures 

156000 

156000 

411166 

411166 

411166 

411166 

411166 

411166 

467166 

467166 

306166 

306166 

411166 

411166 

413166 

413166 

413166 

413166 

41316, 

413166 

424194 

424194 

0 



Tahle a% bh 

1oa1 for Animal ti-ictiwm, equipeunt 

Repa)-It at 8 1 itera~t over 5 years 

IiLIWX 

(25050 (25SO0 (zs0S) 

49 

(2050) (2U150) 

10-30 

Net credit flow IlIn) -20 -25050 -2SO -25050 -25050 

Incone (total value of productior-fanrs 
expenditures)

Nut lncam (Income * net credit flow) 

Net cash income (Net income - Value ofon-farm consumption) 

Net benefit to labor and capital(Net income rental value of laud) 
da "7844

Number ofpersonoyamilY labor 
Value of family labor 

et Bnefit - ValJe of family labor 

-1S6000 
- 56OO{ 

- S6000 

-.56000 

3 

180000 

-236000 

667971 
642921 

5W9911 

602707 

618 

315180 

28752? 

667971 
642921 

'509911 

602707 

315180 

287527 

667971 
642921 

59911 

602707 

315180 

287527 

611971 
586921 

453911 

546707 

315180 

231527 

772971 
747921 

614911 

707707 

315180 

392527 

667971 
667971 

534961 

627757 

315180 

312577 

830058 
830058 

697048 

789844 

655 

334090 

455754 

83"58 
8530)58 

697048 

789844 

3340(90 

4SS754 

a300sa 
830058 

697048 

789844
784 

334090 

455754 

a1903o 
819030 

6820 

77881b
771 

, 

334090 

444726 
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1.4.2.1. Alternative Crop Budgets
 

This section presents analyses of crop budgets by region
 
and technique for the crops being proposed for each farm system.
 
The assumed market for each crop is also specified. Each analysis
 
includes :
 

1. A breakdown of revenue and expenditures giving their real economic
 
value (market cost column) and the value which the farmer rust pay
 
(market price column). The difference between the two columns
 
represent subsidies or direct taxes on each item under the schemes
 
proposed by the project. 

2. A delineation of annual and occasional financial costs to the
 
farmer and non-financial costs of crop cultivation.
 

3. A calculation of net revenue inclusive and exclusive of labor 
and seasonal working capital, and the return to a person day labor
 

4. An estimate of the economic rate of return to the crop activity
 
and the return to the farmers' initial investment in the activity.
 

These analysis are useful primarily for comparing optioin.
 
The costs of technical assistance required for the immediate
 
production phase are not included. The difference between the
 
economic rates of return calculated for each crop and the economic
 
rates of return calculated for each project zone in section 1.4.7.
 
is thus attributable to the exclusion of technical assistance and
 
its supporting expenses. Nor does the analysis take account of
 
variations in costs and benefits over time, providing instead a
 
picture of recurrent costs and profitability once the development
 
phases for each perimeter is completed.
 

The large disparity between economic and farmer rates of 
returns is explained by the small initial investment cost borne by 
the farmer, for it is assumed that the farmer only contributes 
his labor to the construction of the perimeter. The rate of 
return to the farmer does reflect which crop otions are relatively 
more attractive to him. The value of each option to the farmer is
 
indicated by the Net Revenue row under the market price column.
 

The crop budgets for Mauritania indicate high economic
 
and farm rates of return to rice and vegetables, more moderate
 
returns to corn and sorghum and low returns to nidbi. For rice,
 
it should be noted that while the rates of return are high, the
 
analysis assumes that rice is grown only on heavy clay soils.
 
If rice is grown on lighter soils, the water costs rise prohi
bitively. The lack of abundant heavy clay soils in Gouraye may
 
thus be expected to limit rice production there despite the high
 
rate of return shown in the analysis. Tomatoes may also be limited
 
despite the high returns shown here because of the profitability
 
that the local market will easily be saturated with no means of
 
marketing them further.
 

For all crops, animal traction is considerably more
 
profitable than manual cultivation for the same crop. This is due
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to the decrease in labor times which more than offsets the added
 
costs of animal maintenance, and to the increased yields to
 
animal traction. This increase in yields is in part due to the
 
heavy dosages of fertilizer applied to animal traction crops, and
 
in part to expectations of better farm management and cultivation
 
techniques which will accompany animal traction use.
 

Vegetables show the least difference between manual and
 
animal traction rates of return due to the limited labor savings
 
resulting from the use of animals and to the significant increases
 
in inputs (especially chemical treatments) called for in the animal
 
traction package.
 

Returns are slightly lower in Ka6di than in Gouraye for
 
cereals due to the lower reference prices in Ka6di as a result of
 
its greater accessibility to imports.
 

The analysis for Kayes looks at both irrigated and control
led flooding (swamp) cultivation. The economic rates of return are
 
higher in general for irrigated production due to the lower
 
investment costs and because these costs can be allocated over two
 
crops per year as opposed to one crop for the swamp cultivation.
 
On the other hand, for each crop, rates of return to the farmer
 
are roughly equivalent, for both types of cultivation. For while
 
swamp cultivation is less productive, it does not require the use
 
of a pump, and so financial costs are lower to the farmer and the
 
return to his labor is higher.
 

As in Mauritania, vegetables and rice appear most attrac
tive both economically and to the farmer. But again, the restrictions
 
of soils for rice and markets for vegetables may be expected to apply.
 
Nidbg is again the least attractive crop, having the lowest yields
 
of all the crops. However it may still be grown to provide fodder.
 
for livestock, and because of its soils enriching characteristics.
 

In Senegal, there is considerkble difference between
 
economic rates of return for production between Bakel and. Podor,
 
largely due t, the tripled costs of the construction investment
 
at Podor. On the other hand, rates of return to the farmer are
 
slightly higher in Podor than in Bakel because water charges for
 
Podor prove to be slightly less than pump operating charges in
 
Bakel, and the fixed perimeter charges also prove considerably
 
lower than the pump capital recovery charge for Bakel.
 

In Bakel and Podor, as in Mauritania and Mali, rice has
 
the highest rates of return and nidbd the lowest, with sorghum
 
and corn falling in-between.Tomatoes are intoducci at Podor for
 
sale to the industrial cannery in Dagana The rates of return
 
are relatively high (as for vegetables in Mali and Mauritania)
 
and there is little fear of market situation.
 

I 

Three sets of return are given for rice production at
 
Podor to show the relative feasibility of alternative marketing
 
schemes. Clearly the most attractive markets are at Podor or
 
upstream. Selling downstream to Saint-Louis reduces them, as
 
would be expected.
 



107 

The use of animal traction is generally more profitable

than manual cultivation in both Bakel and Podor, though animal care
 
costs are relatively higher in Podor due to the lack of natural
 
forage in the region. As a result of this~tomato production, for
 
which the labor savings from animal traction use are the least,

actually shows animal traction to be less profitable than manual
 
cultivation in Podor.
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Notes to Crop Budgets (Tables 68 through 82).
 

The crop budgets are calculated per hectareof cultivated 
land, and are in local currency. They are derived from the technical 
coefficients provided in Tables 41 and 42 . Prices are the same as 
those used to calculate the farm budgets (see farm budget notes). 

Total Crop Revenue includes both the value of the crop and the crop
 
byproduct. Yields used are the average of yields expected for the
 
first six years and those expected for year seven and beyond.
 

Total annual financial costs include all costs which the farmer
 
must pay each year.
 

Occasional financial costs gives the annual capital recovery at
 
8% interest for items which the farmer buys only occasionally.
 

Total financial expenditures is the sum of annual and occasional 
financial costs. 

Net revenue exclusive of labor is total crop revenue less total 
financial expenditures. 

Net revenue per man da- is net revenue exclusive of labor divided by 
the number of person day ,used in the crop's production. 

Non financial costs includes all costs of production which are not
 
paid for in cash by the farmer. Of these, family labor, construction
 
labor,and seasonal working capital for labor and inputs are costs
 
borneby the farmer. Construction capital, extension, indirect
 
subsidies (taxes) and the foreign exchange costs are costs borne
 
by the government (or project).
 

For all perimeters, farmers are assumed to contribute 240
 
person days of construction labor is valued at 500 CFA/person day in 
Senegal, 100 UM per manday in Mauritania, and 750 FM per person day 
in Mali. The value in the production budget under construction 
labor represents the annual capital recovery at 8% interest over
 
30 years of the invested value of construction labor per hectare.
 
For one season crops this value is divided in half, assuming two
 
crops per year.
 

Construction capital. represents the annual (or seasonal)
capital recovery at 8% interest per year over 30 years of the initial 
construction investment exclusive of construction labor. This 
investment is assumed to be borneby the project. It is based on 
the following investment costs for each region. 

Costs per hectar 

Mali swamp perimeters $ 5,500 - 3,300,000 FM 
irrigated perimeters 2,500 - 1,500,000 FM 

Mauritania small perimeters 2,542 - 1,317,000 UM 

Senegal Bakel small perimeters 2,150 - 645,000 CFA 
Podor perimeter 6,800 - 2,040,000 CFA 
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Total costs are the sum of total financial expenditures and all non
financial costs.
 

Net Revenue is total crop revenue less total costs.
 

Benefits are net revenue adjusted not to include the cost of capital
 
recovery on the initial investment (i.construction capital and
 
construction labor).
 
Capital costs represent the per hectareinvistment costs (construction
 

capital and labor) for each crop.
 

The Internal rate of return is benefits divided by capital costs.
 



Table n 67 
110nwC.XMI - : MUiT 

Technique kanual Anim~al traction ____ _______ 

Market Selibaby Selibaby __"_____....____ 

Market .rnrut .Markot Market 'arketMret '.tark;,t 

SCost IPrice I Cost IPrie /I Lost 'rice Cost Prie, 

Crop value 1143100 1143100 190800 190300 " " ________________r 

Crop by product value ________________ 11350 1800 .18001 _____ 

Total Crop Revenue 1144450 1144450 1 192600 119.600 1 i .... 

EXPLI7T1URESj 

397 3975 3975 397 
oFertilizer ____ ______________ _ 1zso 8 I ,bo 

Chemicals .. .7 575 1 17 11725 L
 

Famtransorort__ 1800- 18- 400- .400 1
 

Gas-oil ________________15174 15174 15174 1,15174 II 
Lubricant 291Z 2912 2 1,91 r
 

Ptzrp repair 3S6 ma. 3S6 1L60
 
PLr operator____________ _1200 1200 0I±0..... .... .:• I. ....
 

rSnall tools__ 1676 16076 t1676 L, 
Animal care 0 0 4200 :-- -

Total Amui Financial Cost____ 40122 140122 6290Z !6,902... .......... 
Occsional financial costs I 

Oxen hourht/sold _0 0 - -- " r60 

ASamii traction eqn=ipront . 0 101 I 6 180 

*op purchase_____ ___ia______S _ 11960 1190
 

n lz noi (.:) crirres.. 1.1 S 12 7603 76032149. 

7:%t-nue e.c ii lbour 92.633 9265a j116568 116S6
 

.. .;' . i . . . .. _183 272 

Family labour_____________ 000SOSOO SGOO 4300 4280J
 
Seasonal working capital labour 1010 8S6 i 6II
.1010 


Seasonal working capital Inputs I so0, 80Z 125 158 F1S 
4"Z


Z_________ 2132Construction labour 132 2132 . 2132 

Construction capital 11698 0.7 11698 .. 0 

Indirect subsidy (tax) cost ______(11330) 0 (14098) 0 

Foreign exchange cost (10469) 0 (13486) 0
 
Total costs 101595 106256 1134SZ 123078
 
Niet revenue 42Z355 38194 78348 69S22 I.
 

IE0.'JIIC PROFITABYLMT 

*Capital costs S701200 I701200
 
Internal rate of return %36 168 1S 9
 



* 	 Table n' 68 
CO I AY: Glil.. MarineGI 

Technique Mlanual Animal traction khmual Animal traction 
Market Selibab. . Selibabv Sellbabv 

Market Market Market 
iCost Market Xrl:ke: 

Cic Cost. Tkcc Price :Cost Price 

Crap value " g I 6 000 , 0 oS 	 .00. ... e 	 M 0 

Crop by product value in_____j 0 0 0 0
 

Total Crop Revenue " . ion glenn 68800 68800 S1000 S1000 168000 68000
 

EXMMT~URES 
Annual Financial costs 9 q
Secds 	 9 99 959 959 559 599 599
 

Fertilizer 70 "60 1200 12050 7600 7600 112050 12050
 
Chemicals 49 4q 990 990 0 0 0 0
 
Farm transport 60 00 800.. 800 600 600 800 800
 
Cas-oil 33210 3321 810 810 810 
 810
 

Lubricant 630 6o0 630 158'- 1s8 1S8
 
Pu , 17 178 0 1780 1 1780 1780
repair - 1780 

RP operator 60 600 600 600 t' 00 600 n 600
 
Small tools o300 300 300 100 too 100 no
 
Anmal care 0 1855 188 5 In I 2205S 2205 

Total Annual Financial Cost 1628S 16285 23Z85 I 328S i 12447 12447 I 19302 19302 

Occasionl financial costs 
Ox-n bought/sold 0 1 159 I71 - 0 189 189 
knimal traction equip nt 0 io 477 477 0. 0 567 56.7 
Pirzp pt ur c se 11690 111690  j11690 I 11690 11690__ 11600 '11690 I 11690 

financial .- 2797S I 35611 35611-. 24137 24157 31748 31748pcn,hturos 	 f27975 


...: rctcnue excl;4i1ve 1abuur Z6 2625 33189 133189 76863 I26861 36252 36252 
gf s__!:x' 4- MtU3 	 11___94_____00 , .r r ;" f - ,l. .	 I :- '1 . 1, : . :
• 	.: .: . . 1 7 1 -...--- - 3 S 3 : . .. 7 1 ' .I .3 6 3 .... .. 


Family labour_ 8 k 9400 I 9400 1600 1650 10000 10000
 
Seasonal working capital labour 1276  276 188 188 . 310 310 200 200
 

Seasonal working capital inputs 325 37 465~ 465 249 .29 386 386
 
Cons* tion labour I0106__ 10.. 1066 1066 066 106A 1066 1066
 

Construction capital S849 0 S849 0 s849 0 5849 T 0
 
Extension 2730 .0 2730 n 2730 
 0 2730 0
 
Indirect subsidy (tax) cost (4210) 0 (5074) 0 1(3OS7) 1 0 1 (3865) 0
 
Foreign exchange cost 3267 

°-: 
0a' (424A) 0 1 (3376) 10 (3395) 0"
 

Total costs: : :" - 44544 43442 42987 1 43730 1 4428 1 422812 431 48183:
 

LOMDflC PRFITAILMT
 
1lencfits924 
 17 1A1 1 121 11f inR
 
Capital costs 177850 .1.1000 7q 7n 7g iin 7-A mn
 

42  
Internal rate of return , 18 . 77 	 1 17, 81 dn 1 174

4
:=' if ": ": ,4:. .. ''t "A L:: 4 2 
q ' 

: = br " :,>: .. :?
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Table n' 69
 

I~OI 
 !~1IKM~ ___ ________NIEBE 

Market Sel ibabv Sjlibaby. . - Selibabc)c.- SS14..hh........ 


Ma erkt Marker Market ,, . . . . ....
Cost Irrice I Cost i c st 

1Crop value _ISO0_ _O0 1100000ooo_ 1100000 1t___ oo_ I ;n 

Crop by product value "_O. 0.10 O: 0 ' .0 Imo000 ;conn " Total Crop Revenue ..... _-L _ :" 100 1100000 - rY0 O00 S900 0 o " 

EVPEMMURES 
Annual 'Financial costsI
 

seeds ______________ 54 540
40 S0 13, 13 ,6 6 

_ _Ferili_ 11700_e 111700 18300 18300 1 330 00 1770 "5

C(hemicls 1 462 14462 - S40 10 
 $92 " 92 

Farm transport _.__ -____ _ 3600 13600 150000 SOO 1 1400 1600 690'0.. 
as-331 3321 321 3321 1810 1810 110810 

Luoric it ___________ . . __.. 694 1624 624 . 1624 IS 4! L .. . r 
a 8s 1 IS8
 

..p renair_ ___ 178o 17180 11780 !178o 17.8 017 .17.f70..-.
 
pu (,;;rator 1600 600 600 1600 600 1600 1600 600
 
Small tools____________ 6 000 300
:0 300 T. '300 O3O00 3 
Animal care ___ .._____ 01 20S 0 10..... 1 SS . _S 

Total An ul Flancial Cost. 1Z6927 126927 ;483Z4 j4324! 0! IS409 IS4o4 768 

,'cnsiunl financial costs 

An i ml traction q,ip mnIt 0 ! 0 q67 '6 .0.........
Oxen bought/Isold 18__________ .IRO* 5Lo 15
 
P=p ]I L 69 0 I •
Ii.e . :fl690 . _1' 11690 - 0-- ' 1 1690 90 

V-6.1 _.&Q770 60770 19370 19370 " .4n7 l 
:-..es= ex , lnhur !61383 61383 '6414.. .4 , .24630. _._LIJL.Q.. .4630 . " 3 _,OS.. 

of T !.74 "143 *A. -_ 
88,00 2.4 172 .44 

abour327400_ _ 32706 13270 2 1 14r 14300 g 10o 

Seasonal workilng capital labour 16S4 1654 Is48 5S48 i 286 2 118286 

Seaeonal w~orking capital inputs 539 I539 !966 1966 154 154 j308 I308
 
Construction labour . . .1066
.. .. . 1.... 1066 1 M 1066 1066 11066 1-1066 I 1066
 
Construction capital_____ __I 

10 S89 .. 549- 10*oR -


Extension 1~2730 
 10 12730 0 -z 10!7a 0
 
Indirect subsidy (tax) cost 5823) 10 1(8997) : 10 (26291 35)
(S 10 

Foreign exchange cost _ _ _ 1961 a1 3288 .... 1100 0
 
Total costs 78293 173S76 93620 90750 .1 41766 3sI 4 IS 38391
 
Net revenue -_ _ _ -
_ _ _ _ 21707 1264-24 31380 3412S0 234: [ w1 q : A 

EC0\0l41C PFCFTABILr1Y I 
Boneflits 28622 127490 I3S316. 9,3829 9149 .11400 ',J1675 
Capital coats 77850 112000 1778So 12000 - 5q 2000 [70778$ i 1.
 
Internal rate of rcturn % 37 1229 149. 294 112 8. 127 
 18 



Table n' 70 
77-7H - RICE 113 

Technique !.Whua1 Animal traction _-:_____ ._"_'_______ 

I I 

i. rep va! ue 
(.rop hbyproduct value .. ... 

13905___________0 
i35 

O 820 
00.. 

______________ 

...... 
Total Crop Revenue _nn_ .. 14..n Iin- ,nn i, nn i 7 in[) 

,.:iual Finanlcial Costs 
Seeds'"9 ... I ; I 3975.... .. iI . . 
Fertilizer 2 19;5 20. 126080 .,,. 
Fhiuicls .. . . . 575... ... L 57O 1725 IIZ4 i... . 

Far tansor 180 18 2400124001 
C4o-i ... 

Lubricant 

t . . . .. ... 

_ 

15174 

291' 

15174 1S174 I1S174tr212 2.2.....

f2912f1 -7

-

ri repair_______ 3601360 3360 3560 
l'urp operator_____ ______ 120 11200 1200 1:-00 
Small tools__ 16 6 11676 1676 11676 
Animal care____________ 

Total Arnua~l financial Cost 
0 O 

4~0122 
4200 
62902 

I42(0I
162902 - - -

Ovl-rionl financial co.ts0_________ 1360 
rjxn bought/sold
AL.Ul traction 

0____0_______360 
0.ipuent0 , iO 1080 1080 

'1-rTun 5ae 11690 1111690 7. " .. . .
" :. fln cidt-',l- . :itutrcp - 51812 :S1812 76032 7603" -. - -

. 
* ..
' 

nul
(rt,: 

I 
.,j. 

l:AI 
... . 

030S63 
- -, 

':88588 .111168 
.'SO}S",-,"4 ~~-- - 1168*

...3-428:_ . .. .. .. . 

' ,,:& , .., •-- 5 : 260 

Pxm.i', labour 
. scna lworking capital labour 

SOO 
Ij 

SOO 
j1010 Io86 

J0 
j' I , 

-20 

: 
.v-'onal working capital inpuats i8 802 1 1 2S8- 1 -15A 

labour ,cnitruction2132 2 132 *Zl3- 213l 
.c.struction capital_ _ _8 1_ 0 11698 

LUtension S400 0 5460 
Indirect subsidy (tax) cost (113O 0 140931 1 -

: Foreip exchange cost 1(4 60) 10 (1348061 0 1 
Total costs 101595 106256 112652! 1182 
Net revenue 3,8805. 34144 74548 630 

110PYNIC PFFITABM1I7Y 
Iwnlofits 52635 36276 38378 67512 
at"Iptalcosts I155700o .24000 155700 I 24000 

iisternal rate of return 34I S57 281I 



Tlbl n* 71 

TP hnique .eAniO 18 1 -- 1 ltn' L,"l"iL -a"ioa .".- -8.. 


Mrket -Kaddi_____ Kaidl Kaddi.avi 

;1:7 SO G.; Ciust L . ,'.t : "ON;c~ s-ost Price l't.\' 

Crop value 
Cropbyproduct0value 

Total Crop Revenue 
EUZ'IURES 
Annual Financi~al costs 

Seeds 

180 

0 
4600 

599 

L600 

4.8600 

599 

64800 

0 
6480 

599 

164800 
0 
4804 

599 

1J4-20 

4~n 

99 

490 

1020' 

aS 

50I 

AQ 

q0 

Friie 600 600 110SO 60O 600 600 610Q 6100 

m tr" 300 6oos300 800 300 1600 6500 300 300 

Ai. ol :0 

Lotal Auua encal Cost 

Oxnm roir1 

Snmal toactis eqz0n0 

Anil : .10 

Total Aa Financial Cosdtus 

1;814430 

80 
1217 

80 

1447 

170 

30 

'10 

12437 

22810 80 - 0 

1302 13 12 

139 180 1180 

6 567 00 

9220S 6O9 110 

374 3173 ;217 

0 21 

1630 

07 0 

10 

1160 

j2 

815-1 

163285 

911780 

1370 

1190 

36S183 

; 

15930 

[300 

1169 

311 

::'o r4.rummu 
\ l '- ( cf 

exclusive labour_ 
i _ ____ 

24463 
________ 

1 Z463 
IS " 

330.2 1-352 
10:1 

21228 
1 

2122S !Z9989 
; 

129989 
194 

*Seasonal 
Seasonal working capil labour430 

working capital inputs 
Construction labour 
Cons truction capital_________________ 

rndirect subsidy (tax) cost 
Foreign exchange cost 

mn 
(36 

3 12,, 7, 
4 TRA ok 

1___1________166_066 

0 -36) 0 
49I 0 

'.16 , 
qc vt 

S49 n 

(20 
(27 n 

I M1 
-AC 
1106_1_6 

;Ao 

-4 
(2S 

IIQ.4 
I Z 

EM\.ICPMFITABILM1 

Internal rate ofreturn '1 14 62 1314 q s7 -S1Q 
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Tehiu.......ue S Manual Animal traction NIML. r A inn
crtie 
ayes . Kaves _____ 

I	Market Market Market Market Market Market M~FFk arkCt 
Cost Price Cost iPrice Cost Price Ccst I Price 

667800 667800 890400 890400 1335900 1335900 178080'n MI:OM8.+va,,,,t v + • + 6.7Mj+ + t7t Qf+n 190!000 +;()n nn n ignnn_++ O 1 1,ii ilur n 
....." . venut 	 1674550 674550 899400 899400 11349400 1349400 1798800 179800O 

I iin:cia1 costs 
1. 	 14154. 14154 14154 14154 28308 . 28308 28308 28308 

- . 47387 47387 1Z3500 123500 94800 . 94800 267280 267280 
2877 2877- 8631 8631 5754 5754 17262 17262 

:raJU|wrt 8000 8000 10000 10000 IbOO 116000 22000. ,22000 

0 0 . 0 0 175360 210750. I157360 .1210750 

,,7ant 	 0 0 0 . 0 26040 26040 26040 126040+++ ,, 0 .. . 0 : 0 + + 0 1+3720 13720 / 3720 + +1371.0 r 

." rntor " 	 0 0 r 0 . 0 '. 9000 9000 19000 19000+ +; . 	 r.,11:1... 1 to0ols " / 6142 : 6142 ++ 6142 11-1-84 1 2 4 ++ 4+ + 6142 ; 12 +; r? it 

lor11 Annual Financial Cost 78560 78560 181394 181394 353266 388656 85254 63644' 

iinaneial costs 

'mcight/sold __0_________0_0_4680_114 

" t,:l 	 . 0 0 2440 0 m 1traction equipment-.... 	 2440 0 0800 
1 6 8 0 0.1:..!P 	 __r_ __e 0 0 0 0 116800 11680 0 

1 116800 

Total financial expenditures 78560 78560 184349 184349 470066 505456 1717034 199 6., 
revenue exclusive labour•t 	 595990 59590 1715051 715051 879334 843944 111'66 1 

Nt.* of nnndays 	 21S__173_SOS__',18 

rcvcnu per mandayi 2__2 - 4133 171" - 11 
r.InilCosts 
J 	 1 21D0 _mila or " 11161250 161250 I29750 129750 378750 378750 321000 


,:,;,'al .vrking capital labour 3225 322.5 2595 2S95 7575 757S 6420 6420
 

u. %~a 	 _ 1571 11571 3627 13627 7773 7773 117993orking capital inputs 17993 

'jltruction labour 15989 15989. 15989 15989 15989 15989 15989 * 15989
 

,n-urton capital 1293130 0 293130 i0 133240 10 133240 0
 
*46700 0 46700 0 93400 10 193400 0 

.. . .,, I)r:sturnco? 1(31912) 1
 

- a;T .	 7+:~~~ ~ ~ 081& ~ II~ ~; ; m : ~ .... ~~1Q7 111.A+,MA 
10074199 1AA1knn %A1A AlC AI47 A77_ 

NO V,7..... .. 112,oo I1 7l V+l 119ooq 



Table n' 73' 
_& SOOS .. COMLIRRIGATEDAn-m 

Market IO' _ 

Market Market Market Mairket Mirket MIarket Market NIarket 

: valv :~o 10s o o. i .... 
:von Revenue 5672006O425400 I 15400 1425400 S67200 8S67.:00 '425400 1567200 

7273 7270 I7270 72 73 7273 7273 

33900 135900_____123800 12.1800 j33900 133900 123800 1123300 
10 0 90411 19940 10 0 . 0940 )940 

.xt ..... 100 '000 120 O' c'O1., .U100 O00-O U' 

0 0 0 10 34594 i46125 34S94- P46 1 
. 0 0 5673 5673 . 5673 15673 

r_0 0 0 0 1860 1iW1 iseW1860 86 
.pcrator 0 0 0 0 4500 4500 4500 j4500 

A mal. 4$n43 4S043 1640 1747 2 167 1 1 21 246 1'7-RucFinancial Cost 

k:nt Lfinancial costs
 

'ral .r on equipment- ... 0067 7 7 47700_-_ 

.otlinncalexpenditures 45043 145043. I'4?57 174257 1500 1161 1997i92-

Not rvcnue exclusive labour 380357 330357 392943 392943 275330 26 799 187$01 175972 

of nandays
_:-:i.bei __......._1138 
 94 1 !98 

':t rcve-nuo Per manday_______ 27S6 4180 11912.723 

103500 103S0 70500 70SO O 103S00 1103500 70500 000... 
torkingw...L-.ona&capital labour 2070 1:070' 1410 1410 1070 2070 1410 

;;onal working capital inputs 900. 900 3348 3348 13232 13232 5825z ls5825 
10*1t~nlnor 15989 15989 13989 15989 7794 1.7794 1 7794 794 

h 'n:I'Iit.li 29D3130 0 -7293130 0 66620 0 . * 66620 :0 
-",;1' 46700 0 . 6700 0 4670U 0 46700 10 

Ir t'Ilvidy (t3x) cost _ 0 - .25039) 0 (30527) 0 (4620) 10.... _(28149) 

- ' ,,'""._.. - I :!?? : l 0196' 75741 1147M0 I 11 4tiZ :-tlqn2,_ , 

13480000 1180000 3480000 180000 1840000 190000 540000 190000 

(1~.? rn 7 152 19 17T6 18 1~168 1".5 !220 

'1",! . . * ° -= 9::: 

http:I'Iit.li


Co 


echn .. 4120 : $57 00:lOOOOOO
 

cst ie st IPrice, [Cost I Price Cost Price~i 

... prouc , value.. que80 07sn i _n 

ot. 1 Crop lte 

,;I JURNS 
"" 1, . J nci a 1 cos ts 

..aI Fzc Jr4198 

__cnue__:_ 
r 

___ 

. 

418200 418200 

. .. . _ : ' 
4198 

557600 

i
4198 

: 

557600 

:. .
9198 

., 

800000 

" 'i5400 

800000 

"  ' 
5400 

1000000 

' 5400 

11000000 

15400 

78100 . 78100 123800 123800 120150 120150. 187950> 1187950 

4 * 0 0 0 0 44695 44695 156783 156783 

. ...." 

C 

. 

ai,3;)vrt 

-C j1 

rvilair , 

rcior:,: 

:, 

* 

' 

-

-

:° 

: 

4000 - 4000 

8437.; 11250 

1 6 - * 18 0 / 

4500 4S00OO 

6000 

8437 

1 60 

4500' 

i 

6000 

11250 

1860 

4500; 

5000. 5000 . 

34440. 46125. 

L* 166S0--116650.:' 

:4SO0.; 14S00, 

500 

34440 

16650 

4500,: 

5000 

' 46125> 

1::16650' 
' 14SO0O°' 

" 

.. rols 
a0 

' 1870 1870 

0 

. 

-
1870 

18967. 
1870 

18967 

10400 
0' 

10400 

- 0 " 

10400 

18967. 

10400 

18967. 

Tot V.Au-ral 'Finncial Cost 

;.4;unj1 financial costs 

.! I. rht/fold' 

,. tractionequipent-
;',p purctLso

T lfinancial e ures 

104360. 

0 

0 

58400 
162760 

107173 

0 

0 
58400 
165573 

. 171027. 

S515 

24400 

58400 
254342 

173840 

24400 

58400 
257155 

. 

.246815 

0 

0 

S..58400 
305215. 

258500 

10 'P 

0 .-. 

58400 
316900 . 

.445730 

24400' 

5 00 
S29046 

457415 

24400 

58400 
540730 

Noatreavnue 

•cf e, 
'Ivr i'eveit' 

exclusive labour 

mncdy 
per manday 

255440 

. 

.. 252627 . 

1 -.1. 

303Z58 

. 

300445 

300. 
-O4 

494785 

, . 

- -

., 483100 

327...... 

I4717 

470955. 459270 

274. 

labour . : 12373o 12375o 7 00 75000 243000 243000 12055 0 2D5fL

w;,eonnl.orking capital labour 

rkitorttng capital inputs 
,..ir::ticn lab'ir 

e :rutin canpital 
--+ , '::. ::::,: i .:: : :::: 

2475 

3311 
9W7994 

66620
46700 

475 . 

3311 ' 

7994 

0 ' 
0 : , : ' 

1500 

5143 
7994 

66620. 
46700 

1500 

5143 
7994 

0 
0 :,: ' 

4860 4860 1 4110 

6338 16338 10815 
7994 7994 7994' 

b6620 : 0 " 66620 
46700 :;!+i0 +:: :,! 46700 

14110 

110815 
7994 

10 
10O-i:: 

.%:- tiid), (tax) cost (24648) 0 (35713) rX '(56720)' 0 (91472) 10 

: , =..... 
388962 

x8:;: 
303103 
11S079 : 

421S86 . 
136014-

346792 
:210808.: 

624007 
:17S993: 

579092 
220908 , 

779312 
220688 

769149 
',230851' : 

"9 .' .103852 

urn S 

840000: 
12 

123091 
90000 

137 

210628 
840000: 
25. 

218802 
0000 

I250607" 
840000 

228902 
90000: 
24 

295302' 238845 
840000, 190000 
35 265 

.. 4 



Ta l n*7 1 

r. Kayes Niebe Swtm rrigated Illb 
Tc'hnique I Vanua I knLu al tractic 

- h °rket -_ _ _ _ _ 'y . . -e" Kaves 

Rarket Market Market Phrket Marht Market !-Lrket MarKet 
Cost Price Cost Price Cost price Cest Prico 

00000 00 oo 

- :,I'.~'i;I;.l! 40UUU 40000 50000 50000 40000 I 40 Sou * 50000 
.1. 4..0... .. 0 400o0 500000 .. 

Pivy 4000 O 44)0: r'.'pr RS "0 44 

' : , ' r : : ; I:: SOO0 , 3 1r000!: 300 100 00 SOOO: 000 

• 0 : - 14800 :00; 1 ,00: :! 
n0 0 0 10 139S 11395 11395 139S 

" tspraor--t : 200 200 4/:: 0 1404U00 :: 4800: : 

'35-y!. t= 1 : +1 0 ; : 0 0l : 10g'O : 8490 111250: 1:I8493 111.10: :: ' 

S 665.
er atr 0 0 01 1'6 0 1650 1660 . 1 0 
11870 1870 0 1870 4500 11450 I460018 00 

0 laso 1870 10 7asso
i I care ' . 0 40 s30s' 

r, An:,aL Financial Cast 142770 42770 94359 93393808 176565 1 1'597 11.1354 

**--; dzlnlcial casts
 
b-:tht/soid 0 0 2067 Z067 0 0 2067 11067
 

47170
ib'ai traction eq~aipment-.- - 0 0 4770 14770 10 10 r6S 
$~ppurchase 0 0 0 - 0 53400. 58400 158400 5S8400 

*r~u] rinancial c 42770 4:770 101196 1011961 132208 1134965 191132 193391 
!vcuflI c*xclusive labour 397Z30 307230 448804 1445804 J30779Z 130S035 I 35866 135609 

P- i 01160 

.' ,-ro an.iv 143 1'91 113191 

*:ot revenue, pr manday :77! 4932 133919' 

1*t"1*working capital labour '14 2145 3S 16 2145 2145 1!5 116
 

',.orking capital inputs Sa I- 188 188 i69 19 86 36
 

1triction labour 15989 1S89 IS99 158 7991 17994 ",94" 194
 

-i4itrtn capital 1293130 0 293130 0 66620 i0 1 66620 10
 

1lI467000 46700 0 46700 ! 0 146700 10
 

1(26316) (321815) (3607) 1 (33830)* :ii~(tax) cost ' 0' 0 10 

cost 
"' .*' 482523 169009 495702 188687 3409 SS3 3520S1' 1274868 

-42323 270991 542198 361313 97991 '1184947 197949 "!.7513.1 

'363417
-~ ' 266596" 1286980 3732 765 994 S?63 1283126 

' * '3480000 1 1.180000 3480000 1180000 13480000 180000' 3480000 1i80000 

ttIrat ot return 18'' 159" 1 10 1210 1 S" 1107 1'8a 117' 



Table a* 76 
*___ _RICE19_ 

Technique YlInrua1 AnMimal traction . A!1iJml~traction 

Market Market Market ?rket Market : 7 .. 
Cost Price Cost Price ICost 

6400 i 273000 

loal Crop Ituvenuu 672300 1672300 8940 8964.00108.90Q0- i2ORS0 .278000 1178000 

Ii__l_" + 1672300 6723003.208500- 194 	 2178000 

13032 13032 13032 I 13032 .9,gg i919 2919 2919 

!46525 46525.' 131240 131240 :38100 38100 60525 60S25 

2874. 12874 8623' 8623 ___2472_ 2472 4945 4945 

-Farm trw.ipar 1800 18000 11000 11000 12000 '2000 3000 3000 

114000 14000 14000 14000 '13000 " "" "0 3000 

:wr ear14000 .1400& 14000. 714000 17000 7000 .7000 7000 

:u p operator 1000 61000 '000 16000 :3000 13000 .000 3000 

Sml 
care 

ol-18380 
.u 0 

1.8380 
.0 

8380 
0944 

18380 
120944 

11147
0 

11147
10 11147 -*1b274 *147*.,922.4 

" . ,.It a lnz Financial Cost 178565 1202731 2973 317139 74029 179318 h09rz01 11.1 

.. sraICiiiwnci.al costs 
Oxen bought/sold 0 100 : K~400 ) n54;.:::: 0_.1 1DL-8 ..i 024 

4Total finncial expenditures 2396 213 N3 59 029 -08J 	 410 147,09 

Q :573001i:l.Net revenue exclusive labour - 456835 14111 69 4 0 13 

Numbr o maday 15S 	 43 18 _94.
 

119 17-4 13192Net revenue per manday 	 1814 

Non-financial icsts 
252500 1252S00 214000 214000 0~Q.__~9Qa.O__7"0 400 

113 '44 L
Fiiy uw* 
,casonn1i lorkitig capital labour 5 0 Soso 4280 4280 1380 

c,,asonal working capital inputs . 3571 4055 5859 343 fl481 11S86 	 ' 184 :0 
15330 .53 "0Construction labour 	 1066 1066 11066 11066 ' 5330 !5330 

Constructica capital 	 57300 0 57300 10 128640 10 28640 ' 0 

50000 0 50000 10 23000 0 2500:o 0EItensioa 

injiiv'.: -wosidy (tux) cost 1(52355) 10 ' (562)' 0 (52164)4...10 (23909) 0 

10 o 10 o 
Toa css554097 523802 

Foreign exciange cost ' 	 0: 0 to ;0n 0 
16084 1876 1185814 2269.95 20265V' '~635572 

1733411
148498 . 260828 1287452 1 17704 .12686 51005Strvac118203 


116cg ilg;411114 'R~g nA. qI 6.... 49 75. 80671 

_I~ Qj~a 

Intarrul 1..tu of roturn 1, 1S 1, a 6 417 	 Z 134 
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Teahniqua *jfI41Animal traction Manual ilmaL traction 

44 kt Bket Bakel Baket Bake~l 

/1T . ... .
-4| .4.---.. ...- . . . 4 4T I 

mooot wi-
Cost Price Cost . .Price Cost III i..

.arket ,oioka:larket Marke I-o 
,,
 

- - I " -, 4:4 

F-..,1.0.1Ih4- - 4 

4 "e' iiu~ 0900 1'04900 273 '00 '7 '1,00 150000 !1SOOO_ - 050 020 

0 0: 0 0. 0- 444i - t 10 !0 0:rdLI value 

1Lr:.j CropK vcI1.O 1204900 1204900~ 273200 1273200 I SOOOO !10000 202500 202S00 

;38100 138100 160SZ. 16055- 16450 16450 2.712S .71.25 

444 4~* .!* 0 !0- -[ =0jo .0 4461 4461 C 

- - Lrw;-j,-11. 1200? 00 3000 13000 4-I2000~ 1000 3000 3000kiii -44 

1-4- 103510 4800 35106 4800

750 
Gi';'uLa - 13510 14800 

4IuI&kwi 75s70 o5 750O 750 1730 750 
-o 

7000 47000 :7000 7000 70044 
- .La.I i~~ii 1700 700 4 7004 

3000 3000 I3001) 13000 3000 300011w~p uirator 13000 13000 
4114711147 1 17441147 

- - u~lI cols 11147 11147 '1147 1147 

Aitmlwal care 11025 1102S 0 10 19273 9275 

35732 37022 162433.:61143-917S4
:Ioc.t Vniual FinanciaL Cost 17504' 158594 93044 
?j41.. einanc~al costs4 

Shought/sld 1 I a 1 

:90230 29235 2900290i
Am~~iI ~ 

*:;,tul~fin.amcial expenditures 36504 181794 1125007 126297 164932 166.222 ~93753 95043 

148193 146903 105068-F103778 1j35747 134457 
revenue exclusive Labour 118396 117106 

4 Nflbo~raz~~1y 17 100 1143 4 
7 

:%v.t 


16 2

Net revenue per manday 

n-fitiancial costs 
"38500 150000 Z2 7 7,1000 550.... 455Stbou Wanl5000000, 00 - .. LO01o--.................... .")
 

1.;jm I.A orking capital labour Iq7 117 inn lno 11 1-,.,.1 

a5ji~ii %.orkingcapital inputs 16 1I3) iq 191 171 %12 IJ4 

Comtuctiota.bour IS10 S3 - 4~l Ia q,1 

...... 4O * 0
-Co.s tvucItiofl caipital 


I lO.- . . ... ...50... 10, 00l
. 0 Z.L.. 0 

- 4 ii* 4~t subsidy (tax) cost 13)(139(178 .. _(110 

00Agn exchange cost 00 .ur 

131- -174386 218453 184467 186169 15 148032 

-e.t 74 -417> 130514 54747 b8733 __ -16169 :247 4.94 81468revenuei -4 

::~',~a~i~ I'Mr-ITABILIV'I::444 

1-I26553 1435844 88717 963 17801 130108 77924 86798 

4.J~LI :Oits 160000 1382S00 60000 4 382SC 010 338250 60000 44 
4382500 


44444 ~ '20lhitwral rawi of racurn 1~7 160 213 157 Is [so 145 



_______ _______ 
_______ 

_ _ 

nDR PTbl Rice local hulling Rice :SAED milled 121 

Telique Minual Animl traction Manual .ik- mIa traction 
Market qt I',,Sr T-. .. Sr,4gLr.AiIt..... St.Louis. 

Market Market Market larket Market M rI 
Cost Price Cost Price Cust [ Iri.: . 

,p 6c,t v , al ue 6 7 5 0 1b: oo 1 9 0 0 0 9 0 0 _ 7 5 9 0 0 0 S O 1 7 9 0 . .6 9( 0 0 
Ltal Crup Revenue 626400 835200 ,835200 0 .. 2100 .68800 682800__626400 

682810


.7J-i.. " 

1,:iiI hII'yl.•il cOStS .I• .. .. . . 3, . ,.__ _. . .. .. 

11580 11s80 11580 s11580 11 1111580 11580 11580 
- -- ,- ".".--"__' _ !44425 144425 123200 !125200 :444:5 44425 125200 125200 

.2868 i2868 8604 J8604 12868 2868 8604 8604 
sIfiM I VtLI.Sflt _____________r__ 8000 18000 11000 1110000000 40800 11000 11000 

GUS-Oil _ _* 174300 74300 74300 74300 74300: 174300 74300 74300 

Parecl maintenance 23000 23000 23000 23000 23000 !23000o 30 30 

,r- p r___ _ooo__3000 3000 3000 ' o3000 3000 3000 3000 3000 
Pu:ip operator S2-6-0 52600 52 '52600 IS2600~600 52600520 
rnl l tools____ ____ 8380 18380 8380 8380 8380 18380 L8380 8380 

"dalca....re ___....._____... - 23760 23760 - -. I 23760 I.23760 
lotaL Ann.al Financial Cost _ 228153 228153 342424 342424 22813 1228153 i342424 342424 

.. finuncial costs . 12 
Ulxcn bought/sold ____________ 320 2M20 .2320 . 2320 

54o 5400 - _ _ 5400Animal traction equipment _ F - W... _ 5450 

Pump purchase _ _ _ _ _  - * I ***' 
Total financial expenditures 228153 1228153 350144 350144 228153 1228153 .350144 350144 
Net rLv.nue exclusive labour 398247 398247 486056 486056 2R 94- 1237 333656 3 

N4umber of mandays _______ ___505 42-10 

Ne:'revcnue per 788 1135 4562 .anday 779 

-,n-Iinancial costsj 
I.... lylabour_..... _ _ _1__ _ _ 1 714000 Z 14000, 214000 

, orking "pita Labour Soso soso f4"o 42!0 onn;O kOo 4280 ., 4280 
.S-.uora working capital ipt 13 4103 6S2 l t5f? ~diTjfl.. I65"'...... 65i22 
Coistruction Labour 10660 10660 10o66o01066o0....:1 110660 ,6o-J.0 0 
C~ii~ituction caia 147 0 11447 214047 In '14047 0 
LUtLi.sion ____________ 50000 0 5000O0 Soo....... 500.00 0
 

Ir*Lsubsidly lrtnx) cost ______(53738) (67691) . (53738) 10 (676~T91). 

Forcign exchange cost ________ 

1_______"Total costs ___ 1710775 500466 770962 S84606 710775 1500466 t 77062 58406 
Not revenue - 84375 125934 54238 25o94 - 198675117634 78162 98194 

3 *WXT.1IC I'FITXBILIT? 

rawllof*s 140332 136594~ 27894S 261254..14 2 142994 11654S 108854 
apital costs . 2160000 120000 12160000 120000 12160000 1'0000 F2160000  120000 

i'i rw of return 1 113 1218 ... 6 91 
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TAbte n 79 

':::c' F.I~~FTF~fflRRICE LOCAL HUJLING12 
Technique Manutal Animl tractin 122_____ 

MPr, tarkot t , 

Cost I rki.price Co,t I___,____ _ .. 
rket 

__eiCost 
j.armet 
Price 

:rop value 

rop by prodJct value 
Total Crop Revenue 

167 
1690300 1690300 

114nn 

4 

9 1140 

7 4 L 

Annual Financial costs 
Scads 
Fertilizer 
ChccicalsFarm ,transpor-t.868 

FarIt8000 
Electricity 
Parcel mainteance 
1)=V repair_________________________ 

111580 

44425 144425 
I64 J -zms 

> 18000 

74500o 7 0 
23000 123000-
3000 13000 

11 

125.200
I s6 0o 

11000 

74oo 
23000 
3000 

1580SS 

125200 I 
8o048.6o ,4. 

11000 

74300. 
123000 
13000 1 

... 

. 

T1.p operator___ _____ 5Z600 
Snall tools______________ 8380 
An.mlz care - 1 

Total Annual Financial Cost I22815 
Ccasicnal financial cots 

(..en bcugh.t/sold 

traction eqincnt__ 
;u-rus _________ 

c: :l"[nanciu] t,~.,,itures 221S3 
.*v .muc ec ik::I. labour 146Z147 

152600 

!38380 
-i 

1228153 

228153 

462147 

S2600 152600 
I8380 8380 I 
23760 2376W. 

342424 42424 

.. 

2320 2320 I 
S400 5400 

________....____ 

3501"4 4 350144. 

571256 571256 

- -

. 

I I 

.... 

, -'"I -

O-

.. ". .. 

* 

. 
___!os 

:91S 

. 

I 

- ' 

428 
1334 

:-v*aoaal capital inputsh,..a.ona1 workingworking capitallaor ! 41030 4103i 6522.. ]I 

Iotnruction labour 

C'un'struction capitat_________ 
F- tension __0000_____1___000____0 

1.....10660 

214047 

10660 10660 

I214047 
10660 

0 

Indirect subsidy (tax) cost 

Foreign exchange cost ________ 

(53738) u (67691) o 

, : 
CO
N 

Not revenue 

PRFITABILITY 

-25525 79834 139438 35974 
.IC 

Capital costs -- AI 

internal rate of return 9..........17 



Table n' 80 

PODR - SO_-RQ4NI ERIE 123 

Technique Manual . Aimal traction .- Animal. traction 

MIarket Podor Podor onlr Padot 

Market Market Market Market M'arket .,lli:Qt I 
Cost Price Cost Price Cost . I .'__:___ *" 

IX: 213900 213900.28200 283200 I U0 .0iSooo 150000 

I;.-:roduc t valmu .. 0. 120000.. ZoQOQ.. 20000...... 00 000 .20000 

lor:, Crop L-vonuc 1213900 213900 285200 800 I170QQQ .Qo.!o00 22525 22525Io .
... ooo 5
 

.... -' -- 664 664 664 1664 187S:1'187S 1875 1875 

,35950 135950 S74SO 1S7450 .I.S.0 15300 25100 2SI00
 

r tr-zlslurt _12000 Z000 4000 14000 1 000 200 .... 3000 3000 

Parcel maintenance 111500 11500 '1500+ 11500 I S.o.A500 ... 1.1500 11500 

mectricit 17700 7700 7700 7700 7700 i.7oo 7709.. 7700 
,,arp repair 5o o ,o I 1ooo :1500 *5oo0...,.1500 

p operator________ 26300263 00 26300 2300 . 26300 126300 i26300...6300 
a l l______________ 1147 1147 1147 1147 i 1147 

nimal e 0 0 12474 12474 0 1o 110494 10494 

_.iTal.-Annual Fiacial Cost_86761 86761 122735 12-1735 67322 167322 19306 93056 

*gcasiunal financial, costsI 

Oxen bought/sold 218 1102S 1025
 

Animal traction equipment.__2835 2835 - i " 238S '2385
 

Pump purchase____________________
 

., Total financial expenditures 6761 6761 126788 126788 167322 r67322 196466 96466 

Net revenue exclusive labour7 119 Z1ZL 1 "11111 1RAfl jinl ,72-. 138784 

Nwnbr of mandays 17 "inn 91 

Net revenue per miay - - 33q

sOn-financial costs . 

4LSM 45.100Family labour_ 78500 7 SQQ qn..... WDOL.... 1 -UA4o. 
sa.onal working capital labour jZ2- .... . .....- 902
 
Scasonal working capital inputs - S 271 WL..J.lL..1.. 1631
111..... 1111A... -6±~ 
,onstrution labour __________ 'mn q-;jt lq;t q 

Construction capital .1 070Z3 107021 n I f .0 

ExtaLsun ____________________a_____ j2; ZSDOO..... 0 

IIrc subsidy (tax cost- (22746)12 6936) 1.. (756) 

Foreign exchange costII I--I . . 
Total costs 82943 173666 290430 115343 2 4 46k9 186, 1498219 

Net revenue 69043 0234 - 6770 199857 - 65547 3302 .7154 _ 7S421 
r


P.ITa.IL M, 0 1 00IIL0 


4uwls331055S64 107123 105187 146806 L632 1119S07 80751
 

Cuia ot 080000 000 1080000 0000 11080000 600 i0000060000
 

Internal rate of return P6 10 17S - 148 ill '135.
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Table n*81 

Technique Mainual An imal ____________ 

Market Podo _r Podor_" 

Market 
Cost 

Market 
Price 

'-arke 
Cost 

; r: 
Frice 

' t
Cost 

'.! r1 2 Market 
CoziseCos 

Iarket 
Price 

Crop value 	 1217Sc 217-00 290000 2.90000
 

0 0 

Crop by prodct value 10 	 TO
 1Total Crop Revenue 	 1_21750O0 1 Z17500 IZ90000I 290000 1 

~~~~Annual Flz tial costsr . ...I,' 5 .. .l "219, 

Seeds 2219 219 19 192221

3S50 3S959 57450 574S0I:ertilizu~r _______________ 

2440 2440 4880 48s80a -Chemicals.... 


2000 3000 3000Farm ;ransport _ _....._ 	 2000 

0 00 . . . 

Elctricity se6O 18600 1860 186oo 
o1 	 0 

: 1o .. 

Punp repair_____________ 1500 1500 1500 150 

26300 : 6300 26300 I 26300 

________________________ SO-' 1o - 1 1 I - ' I........ - ________
 

PuMP operator 

Snal1 tools__ _ _ _ 	 1147 114 117,147
 
- - 10494 10494 1
Animal care 

Total Anual Flrcial Cost___ ............ _ 11500 11500 1~ -0 11500 - I 

137090 137090 	 J
- -caslonalcosts 	 101636 j 1 rfinancial 	 101656 

Oxen hought/sold 	 I 1 1nzI 

.'MItraction eqinan_______ 
P.,- p-,i h 

f nancilA 	 iI1016S6rlcr:l t.:-i-,ndirures 1016.6. 14 .. ao 	 /g . 
..	 i 1S O
1.::,Vnuc excho.,ht labour 115844 s 4 O9 [ . :.J _: 

; 1 810 A 	 . _1642_..e0.* 

Fa.mily lar 69S0 69S00 47000 47000 1
 

Seasonal working capital labour j1390 - 1390 1940 9401
 
Scasonal working capital Inputs 1803: 1803 2580 Z580
 

Construction labour _5330 30 5.330 S330-


Construction capital_________ 107023 0 107023 0f
 
a
Extension _________________ 	 50 0 25000 

cost _ (21362) (23683)Indirect subsidy (tax) 

Foreign exchange co!st 	 .-

Total costs 	 290340 179679 302690 196330 

Net revenue.--	 72840 37321 - 126901 93630. 

EC. I1C .0PFOF0TABILIT?
 

996 98 0
8tnefits 93 3s 


l:apital costs 1080000 1*60000 . 10800001 60000
 

In~tenal rate of return'S ---- 74 12 r16
 



- -

Table n' 82
 

CROP !'UDGIT :--)Q2B 
 I'SES12To.-nique ... ".racttonq 


Mrket Dagana. ,,gana ... 

I.arket , Market %,e ....: irk.t !.etNarkkr . ar -co Ii isto Cost P'rice " Price I Cost I I'ricc 

Crop 	 value .400000 1400000 50000 sooo ..-

Crop by product value In In -

Total Crop Revenue _ _r _ 400000 1400000 5000 IS00000 I _
 

EKPE\lllJRES 
Annual Financial costs
Sed 	 Z 700 4 ,02700 	 4700 


Fertilizer 	 S5 55800 I87100 i 55800 87100 - 

heicais 22207 2220' 78082 T 78082 .( ____ - -

Farm transport ______________. 0 10 25000 25000 I " " . - -

Parcel maintenanceL_ ..... 11500 11500 I115oo___"__ 11S00 

Electricity rAnn &,Ann-lnn Ann...- '
Pump re"pa...ir. .. 15OO 15oo;. ISOO': is 00o : .' . I 



______otor 	 26500 2500 261500 600 

11 tools______ _ 4100 14100 4100 14100 

. ,inai care o 10 12474 L12474t_ _ 

Toal Annual Financial Cost 1167507 1167507 294156 Z9416. . . 
Occasionil financial costs 

ONen boight/sold ." 0 1218 1 218 
Azi-al traction cqu!.F int - 0 0 283S 2835 _____. ____-_... _ 

Rc-	 ;urchase__ _ 0______ 0.
 

.jorl 7'.%-,;tture, 1167SO 298209 . . .
ftnancl.-. . i 167507 398209 .
 

N\et, revenue exclusive labour 124i 249 2079 2]j~fjJ j....

N.z-bcr of mandays .. .. . - z. .7 274.za.... 
,et revenue pr ='day "710 	 ... .73. " I: -

NZn- firnncial costs 
Family labour ~~~~163500 16300 O13700Q) 137000flZ~lTOS 


Seasonal working capital labour 32270 270 :2740 '740 ., -

Seasonal working capital inputs -. 3120 .31Z 1 AS L. I 
I - -

Construction labour ________ ______330 LL....	 3301 
-
 -

Construction capital_________ 107023 i0701:I 0 	 - -Extcnsion " i"0 0 2SOoo0 " 0-- ..:. ... . : . ..8 o -1o... 


Indirect subsidy (tax) cost r (43414 ) 0,..... (46441) 0 " -: - - -

Foreign exchange cost 	 0______* 0 
Total costs 431336 "42727 534514 448932. -

Net revenue 31L -S1
_7273.. 


EC041C PRFITABILI Y " 

Benefits 81017 62603 77839 56398 
Capital ts . "_ 1080000_____ -_ 1080000 160000 60000 

Internal rate of return' 8 100~ 7 ~94 I F 

-1068 

http:re"pa...ir
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1.4.2.1. Farm Systems
 

Two farm types fc= the basis of the farm models used in 
the economic analysis : a smallmanually-cultivated farm which
 
includes both irrigated and traditional dryland and recession lands,
 
and a larger farm cultivated with animal traction and having
 
relatively more irrigated land in proportion to traditional fields
 
than the manual farm. These farm types are discussed in detail in
 
the agronomic report,where more specific farm models are derived 
for each region. The farm models are based on an analysis of number 
of factors which affect the size and make-up of farms in the valley. 

The most important determinant of farm size is the
 
availability of labor on the farm. It is estimated that active
 
laborers number one half of the size of a family. These include 
men and women between the ages of 14 and 50. Assumed family sizes
 
and number of laborers based on demographic and sociological
information are as fo .lows for each region.
 

Family Size Number of Laborers
 

Bakel 8 4 
Podor 10 5
 
Gouraye 8 4
 
Kaidi 6 3
 
Kayes 14 7
 

A related factor affecting farm size is the type of technology to
 
be used on the farm. Manually cultivated farms are assumed to
 
require about one active laborer for every 25 ares of irrigated 
area plus one laborer for every 1.5 hectares of traditional land,
 
varying somewhat with the productivity of the land. Animal traction
 
farms are estimated to use one hectare more of irrigated land.
 

A final determinant of irrigated farm size is the availa
bility and viability of traditional agricultural lands for farming.

Where suitable traditional lands are in greater abundance, irrigated
 
fields comprise a smaller share of the farm. Recession lands are
 
most abundant in the middle valley in the Podor and Kaddi regions,

decreasing significantly in Gouraye and Bakel, and becoming almost
 
non-existent in Kayes. Dryland areas are considered unlimited in
 
all zones, but their viability varies with rainfall, being most
 
productive in Kayes, slightly less so in Bakel and Gouraye, and
 
almost noxxistent in the Kaddi and Podor. 

On the basis of these determining factors, the following
 
farm sizes were derived.
 

Irrigated Land Walo ii 

Bakel 

Manual farm .5 1 2 
Animal traction farm 1.5 1 1 
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Podor 

Manual 
Animal traction 

.75 
1.5 

3 
2.5 

0 
0 

Gouraye 

Manual 
Animal traction 

.5 
1.5 

1 
1 

2 
1 

Kaidi 

Manual 
Animal traction 

.3 
1.3 

2 
1 

0 
0 

Kayes - Irrigated 

Manual 
Animal traction 

.75 
1.75 

0 
0 

2.5 
2 

Kayes  swamp 

Manual 
Animal traction 

.75 
1.75 

0 
0 

2.. 
2 

II Crop production choices for each farm model were based on 
agronomic and economic factors. Agronomic considerations include
 
soil suitability, crop calendar and rotation concerns, and water
 
requirements. The economic attractiveness of each crop was examined
 
in the crop budget analyses to eliminate crop or production techniques

which are unprofitable. From these analyses, the amount of land
 
devoted to each crop was determined and the following series of
 
farm budgets was constructed (1).
 

The only significant deviations between the farm models
 
of the agronomic analysis and the farm program results are in-the
 
size of the traditional farm fields. The program indicates that
 
traditional fields would be cut back to allow more labor to
 
cultivate irrigated land as the farm expands to accomodate animal
 
traction techniques. To rectify this difference, the size of
 
traditional fields used on animal traction farms has been
 
reduced from the levels assumed in the agronomic analysis by

between one half and one hectare, depending upon the size of the
 
original farm and the changes in size provided for by the intro
duction of animal traction.
 

1.4.2.1.1. Linear Programming Analysis
 

A linear programming model was constructed for manual and
 
animal traction farm systems in the upper valley to verify the
 
assumptions made by the agronomic analysis and to further examine
 
relationships between the activities on the farms. They provide a
 
number of interesting insights into the farm systems with which the
 
project will work.
 

(1)For Bakel and Gouraye, the allocation of land to different crops
 
was verified using a linear programming model, as discussed below.
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Farm activities and constraints for the manual and animal
 
traction Linear Progranming models were taken from the agronomic
 
report and based on the farm models proposed for the Bakel-Gouraye
 
region. Farm activities included rainy season irrigated rice,
 
sorghum, and nigb ; dry season irrigated rice, corn, and vegetables
 
dji (dryland) millet ; and walo (flood recession) sorghum.
 

Bot', models included land, labor, water and crop rotation
 
constraints. The animal traction model also included a constraint
 
on the availability of oxen. Land was subdivided into five categories
 
dry season and rainy season irrigated hollalde (heavy soil) land,
 
dry season and rainy season irrigated fonde (lighter soil) land,
 
and walo (heavy soil - flood recessionT-d. The manual farm assumed
 
dimensions of .25 hectares for each type of irrigated land and 1.36
 
hectares for walo land. The animal traction farm assumed .75 hectares
 
for each type of-irrigated land and 1.36 hectares for walo land.
 
Dj,&. land wai unrestricted for both manual and animal-traction
 
farms.
 

Farm labor was assumed to include four active laborers
 
working twenty days per month year round. Water was constrained by
 
the Lister HR2 pump capacity, assuming pump operation for 10 hours
 
a day over 26 days per month and covering 15 hectares of irrigated
 
land. The constraint on oxen availability assumed 4 working hours
 
per day for a pair of oxen over 23 days per month.
 

Given the simplicity of the models constructed, the crop
 
mix on each farm becomes largely dependent on the values attached
 
to the cultivation of each in the program objective function. These
 
values, in turn, depend primarily upon assumptions of market
 
conditions for each crop.
 

Vegetables prove most competitive in the dry season
 
assuming a processing facility is available to absorb supply.
 
Under such conditions,vegetables eliminate a corn production
 
activity on the same fond6 land. Assuming limited demand on the
 
other hand, vegetables are constrained by local market saturation
 
which was simulated in the model by introducing a rotational
 
constraint. Under such conditions, corn production occupied the
 
rest of the fondi land in the dry season.
 

Dry season rice is constrained by water availability in
 
April so that only about 90 percent of the available hollalde
 
is used. This situation may not be too realistic, howIUVrY7IMce
 
the water constraint does not allow for flexibility at the farm and
 
perimeter level in allocating water between crops and/or running the
 
pumps longer than the assumed 10 hours a day, 26 days per month. If
 
rice is made to compete with corn for dry season land, it proves
 
more attractive though it is again constrained by water
 
less than full land use.
 

Labor is not constraining in the dry season for either
 
the manual or the animal traction farms under the conditions of
 
farm and family size noted above. However, if walo or irrigated
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land is expanded, labor becomes binding in December when land
 
preparation is taking place for the dry season crops.
 

The rainy season irrigated crops are dominated by riceV
 
which will occupy all irrigated land if not restricted. Niibg is
 
not grown unless a rotational constraint is introduced to insure
 
its production. The constraint may be realistic for both the
 
manual and animal traction farm to account for the soil enriching
 
properties of ni~b . Moreover, nidbg may be introduced on the
 
animal traction farm for its hay which can be used as a fodder
 
crop for the oxen. Rainy season irrigated sorghum is attractive
 
to produce for on-farm consumption though it is not competitive
 
with rainy season irrigated rice for production for sale.
 

If allowed to expan, walo cultivation on the manual farms
 
will rise to about 6 hectares aF-the expense of rainy season rice.
 
This suggests that it is more attractive to the farmer given the
 
low amounts of labor required. This conclusion is highly tentative,
 
however, given the lack of accurate data on the crop budget for walo.
 

D ri production on the manual farm at 3.3 hectares is
 
greater than the documented average for the Bakel region of 2.16
 
hectares. This suggests that its labor requirements may have been
 
underestimated. Djdri is limited by a labor constraint in October
 
when qjdri fields and rainy season irrigated nigbi and sorghum are
 
being 1iarvested, and walo and dry season vegetables are being
 
planted.
 

On animal traction farms, d!6ri is reduced to about 2.5
 
hectares according to the model. Labor continues to be cons
training for rainy season production in October. This suggests

that labor has been shifted out of djdr to irrigated crops with
 
the expansion of irrigated production due to animal traction.
 

Animal traction farms show a more even allocation of
 
labor over the year and a more fully used labor supply than do
 
manual farms. On average, 51 person days are unutilized per month
 
on the manual farm as opposed to 37 person days on the animal traction
 
farm.
 

Oxen are never a constraint on the animal traction farm,
 
having at least 43 hours of spare time even in the busiest months,
 
January and July. This suggests that the farmer will have consi
derable oxen time to rent to his neighbors.
 

Generally, the linear programming model confirms the
 
analysis made in the agronomic section. Irrigated land areas for
 
both the manual and animal traction farms are fully utilized with
 
the exception of dry season hollalde for which there is a slight
 
water shortage.
 

Labor proves capable of cultivating all the irrigable
 
land and even more for both manual and animal traction farms, the
 
only labor constraint being due to the expansion of djfri to its
 
maximum. Dajri is shown to give up labor to irrigated land as
 
irrigated land expands.
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Rotational constraints are necessary to limit vegetables and
 
encourage nidbi production to levels recommended by the agronomic
 
analysis. These constraints seem plausible given markdt conditions
 
for vegetables, and benefits to niibi which are unaccounted for by
 
the program.
 

1.4.2.1.2. Subsidies and Credit
 

Both Mauritania and Senegal have national and regional
 
input subsidy and credit policies that are described in the farm
 
budget notes in detail. With current market prices higher than official
 
producer prices, it is questionable whether these subsidies are
 
necessary. There are, in fact, several reasons for eliminating input
 
subsidies.
 
a. It allows the private sector to compete with the public distri

bution of inputs ;
 

b. It helps to assure adequate financial flows to public procurement
 
agencies, resulting in less disruption of input distribution ;
 

c. 	 It reduces the recurrent cost burden that the government must face 
after project completion.
 

Mali currently has no input subsidies in the Kayes ragion
 
since its input distribution agency, SCAER, ceased operations in 1980.
 

The only subsidy proposed for the project is that farmer
 
groupements will pay for only one half the cost of their first pump
 
on 	 the small perimeters in Mauritania and Senegal as a means of 
encouraging their participation until they have gained some expe
rience with irrigation. Malian farmers at Kayes, in the irrigated 
perimeters to be rehabilitated, already are using irrigated 
techniques so this subsidy is uncessary. At Podor, the cost of 
construction of the perimeter and installation of the first pump will 
not be charged to the farmer, but all subsequent maintenance, 
operation, and capital recovery costs of the system will be paid for 
out of : 

a. 	 a fixed fee covering the cost of irrigation system maintenance 
and pump maintenance and capital recovery ; plus 

b. a variable fee charged in proportion to the amount of water used,
 
covering the cost of pump operation and other variable water
 
delivery costs.
 

Credit will be extended in the form of medium-term loans
 
to farm groupements, repayable over 5 years at a 13 percent nominal
 
(8 percent real) rate of interest, for the purchase of small pumps
 
and animal traction equipment. SAED will be responsible for renewing 
the pumps at Podor out of accumulated groupement user charges. 
Seasonal credit will also be available at 13 percent interest, to
 
be repaid at harvest, for the purchase of fertilizer, seeds, and
 
chemicals.
 



131
 

The 13 percent rate of interest to be charged the farmer is
 
in line with interest rates generally in the formal banking system of
 
the countries concerned, though it is somewhat less than rates for inter
national borrowing on commercial terms. These latter rates,however, un
doubtedly reflect inflationary expectations that currently 
seem excessive.
 
Over the project period, these rates should drop.
 

Commercial interest raes in the traditional sectors of the
 
project zones, however, are much higher than 13 
.. This reflects prim
arily the high risk and transactions costs associated with these tradi
tional loans. To the farmer who repays his debt, these rates are very

high, especially in comparison with the low rates charged if.he borrows
 
from friends or relatives. Since a major emphasis in the project is on
 
developing a viable credit system with high debt repayment, 13% appears

reasonable as the nominal rate of interest to be charaed.
 

To examine the ability of farmers to repay their medium
 
term loans, two indicators were estimated in the first year of
 
operation for both the existing subsidy/credit system and for that
 
being proposed for the project (1). The first is net 
cash income of
 
the farmer after deduction of cash expenditures on inputs and loan
 
repayments from the total value of production net of input consumed
 
on the farm. The second indicator is the rent recovery index,
 
which equals the water charge (pump and irrigation operation and
 
maintenance costs or charges and pump loan repayment or capital
 
recovery charges) divided by the rent 
(total value of production minus
 
farmer's expenditures exclusive of pump and irrigation operation and
 
maintenance costs or charges minus the value of family labor). The
 
results are shown in the following tables for each zone, type of
 
farm, and both existing and proposed subsidy and credit schemes.
 

The tables show that in every case there is positive cash
 
flow during the first year (second year in the case of Mauritania) (1)

of operation, and in most instances it is quite large. The rent
 
recovery index is less than 0.5 
(0.35 is considered quite good to
 
assure debt repayment) in every case except manual cultivation at
 
Bakel. The reason for this situation at Bakel has to do with the
 
relatively low farmer profitability discussed in the next section.
 
In all other cases, farmers should be able to repay their loans
 
without undue difficulty. Furthermore, existing subsidies do not
 
make a very appreciable difference in the two indexes so 
that little
 
is gained and much lost from the existing system because of
 
interruptions in input delivery resulting from financial problems
 
posed by the subsidies.
 

Total farmer credit requirements in constant 1981 prices
 
are shown in the next table for each zone and for the project as
 
a whole. These requirements are calculated by multiplying the
 
medium-term credit loans and repayments in the farm budgets times
 
the number of farms included in the project each year. To this
 
medium-term net cash requirement is added the additional 
resources
 
required each year to meet farmers' seasonal credit needs.
 

(1) For Mauritania, this was for the second year of operation since
 
inputs delivered by SONADER are provided free of charge to 
the
 
farmer for the first year under the existing subsidy and credit
 
scheme.
 



Table n* 83 
 ON-FARM NET CASH INCOME AND RENT RECOVERY UNDER ALTERNATIVE SUBSIDY AND CREDIT SCHEMES
 

DURING THE FIRST YEAR OF OPERATION - SENEGAL
 

(CFAF/farm)
 

Podor 
 Bakel
 

Manual Animal Traction Manual Animal Traction 
Existing Proposed Existing Proposed Existing Proposed Existing Proposed 

Net Cash Income (a) 194,010 211,000 503,290 509,911 143,857 637,723 536,708 637,723. 
Rent (b) 144,002 160.991 431,427 463,101 86.047 86,023 496,394 630,549 
Water Charge (c) 55,150 55,150 110,310 110,310 40,350 54,964 115,486 159,266 

Rent Recovery Index (d) .38 .34 .26 .24 .47 .64 .23 .29 

Notes: 
aTotal value of production minus farmers' expenditures. net credit repayment 
and value of on-farm consumption.
 

bTotal value of production minus farmers' expenditures exclusive of pump and irrigation operatin and
maintenance costsor charges minus the value of farm labor.
 
cPump and irrigation operatien and maintenance costsor charges and loan repayment or capital -recovery charges

for pump.
 
dater Charge/Rent.
 



Table n8 84 
 ON-FARN NET CASH INCOME AND RENT RECOVERY UNDER ALTERNATIVE SUBSIDY AND
 

CREDIT SCHEMES DURING THE SECOND YEAR OF OPERATION -

MAURITANIA 

(U/farm) 
Kaedi 
 Gouraye
 

Manual Animal Traction Manual Animal Traction 
Existing Proposed Existing Proposed Existing Proposed Existing Proposed 

Net Cash Income (a) 26,498 24,966 131,701 112,374 33,041 51,292 132,103 111,221 

Rent (b) 21,301 18,971 128,715 105,790 29,987 25,838 138,106 113,741 

Water Charge (c) 8,015 7,217 35,189 31,950 10,032 8,767 30.877 27,184 

Rent Recovery Index (d) .38 .38 .27 .30 .34 .34 .22 .24 

Notes: a
b Total value of production minus farmers' expenditures, net credit repayment and value of on-farm consumption.
 

Total value of production minus farmers' expenditures exclusive of pump and irrigation operation and
maintenance cost,or charges minus the value of farm labor.
 
c Pump and irrigation operation-and maintenance costs or charges and loan repayment or capital recovery


charges for pump.
 
d Water Charge/Rent.
 



Table n* 85 ON-FARH NET CASH INCOME AND RENT RECOVERY UNDER ALTERNATIVE SUBSIDY AND
 

CREDIT SCHEMES DURING THE FIRST YEAR OF OPERATION - HALI
 

(MF/farm) 

Swamp Irrigated
 

Manual Animal Traction 
 Manual Animal Traction
 

Net Cash Income (a) 201.100 786,200 246,680 968,290
 

Rent (b) 291,822 841,445 
 451,642 1.275,589
 

Water Charge (c) 0 
 0 207,133 390,515
 

Rent Recovery Index (d) --
 - .46 .31 

Notes: 
a Total value of production minus farmers' expenditures, net credit repayment, and value of on-farm
 

consumption.
 
b Total value of production minus farmers' expenditures exclusive of pump and irrigation operation


and maintenance costs or charges minus the value of farm labor.
 
CPump and irrigation operating and maintenance costor charges and loan repayment or captal recovery
 

charget for pump.
 
d Water Charge/Rent.
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The resulting credit costs need to be corrected,however,for
 
several factors :
 

a. an adjustment for anticipated inflation
 

b. a contingency allowance for less than 100 percent repayment
 

c. the addition of credit needs of private sector suppliers of
 
inputs and services, including an interest rate subsidy to
 
encourage the holding of spare part inventories.
 

These corrections are discussed in greater detail in the section on
 
credit.
 



Tmdlle n* 86 FAKNER CREDIT KR. UIR:7:::1s (1EIrUI't-TEKII CREDIT) W0I.tant 81 Pri..)
 

1985 198b19862012 1984 1988 1989 1990 1991 lq921983 1987 19853983 3984 


CUURAYE
 

782100 5635400 5084000 4325450 - 782100 565400 1747912U 

Repayment 

Loans 


696790 21U8210 3381530 4464870 648170 464810 0479320) 

Cash (Surplug) Deficit 2182100 4938610 2975790 9.3920 -446t4870 -1682770 1170530 0 

Seasonal credit 23000 4904000 43OU00 331000030 0 0 

Net annual credit requirement (U.N.) 5082100 9838630 1275790 4643920 4464870 -1682770 1170530 

- 51.8 UK) 8330 189934 14045926 89650.96 -86194.40 -32485.90 2591.10 

KAEDI
 

Loans 820580 5879370 5257140 3470810 - 820580 879370 705b0uo
 

Repayment 
 106430 2178960 3495640 4364930 4364930 4:4930 (70)orao) 

Cash (Surplual Deficit 820580 5172940 3078180 -24830 -4364930 -1544350 3514440 0 

Seasonal credit 2200000 4800000 4200000 2700OU 0 0 0 

Net annual credit requirement (U.N.) 020580 9972940 1278180 265170 -4364930 -1544150 1514440 

( - 51.8 UN) 9922 192528 140505.40 51644.20 -84265.05 -29813.70 29236.29 

BAKEL 

Loans 26957700 - 1425000 21726100 15675000 29707700 - 425000 1726100 28591050 

611370 14052810 37978710 38667460 38667460 18667460 (28591050)Repayment 6751730 751730 


Cash (Surplus) Deficit 
 26957700 -6751730 73270 13114730 162 190 1728990 -18667460 11242460 3058640 0 

Seasonal credit 11300000 0 200000 32200000 2400000 -300000 0 - 0 0 

Net annual credit requirement (C.F.A.) 44257700 -6751730 73270 25314730 '022190 1628990 -18667460 -11242460 3058640
 

($ l 147526 -22505.76 1577.56 4382.43 13407.30 3876330 -62224.86 -37474.86 30395.46- 300 CIFA) 


PODOR
 

- - 6600000 - 16700000 113665U.
6600000 - 3700000 

1653010 5835630 58356J0 5835630 835630 5835630 (583t650 
Loans 


Repayment 3653010 

Cash (Surplus) Duficit 6600000 3653010 35046990 -5835630 -5835630 Mn4370 5835630 IMM4370 0 

Seasonal credit 31700000 84000k0 0 1600000 0 0 0 U 

Net annual credit requirement (C.F.A.) 38300000 36746990 35046990 35764370 -5835630 7h4370 -5835630 10864370 

($ - 300 CFA) 127667 5823 0157 119214 - 19452 2548 -19452 36214 

KAY ES 

I.,ane 128621250" - 58562503 22856250 2119875o1 0003750 - 58562500 17000t0(3 394M4880 

694141'.1 ( | ji fl3U4d)7915250 4 S738690 457 J 16903J2214020 12214U2(0 468 IJ8O 52605881 
Repayment 3 (

-24025133 -31407 10 2 0885330 -45718690 1282 18 0 -43404.5 
128621250 -32214020 26348490

C.,0, (Surplus) DeLicit 
0 314OU(00 2280 000 14 0)O 0 37 1 000 0M 0 1 0 0 

j3 100000Seas onal c red it 
-4571 369 0 32238 133 -4 14 .W,LA(U 

3192 250 -'122 14020 40 14848 0 - 1225130 - 10 7 1"31 ,9 188504' 
(F. l.) 


I$ - 6)o Fill 24'9h69 -5 
J
911 j.724? -W42 -2 8 ju647 -762"31 213 -L234 . 

0'
 

http:30395.46
http:37474.86
http:62224.86
http:13407.30
http:22505.76
http:29236.29
http:29813.70
http:84265.05
http:51644.20
http:140505.40
http:32485.90
http:86194.40
http:89650.96
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1.4.2.1.3. Farm Profitability and Rent Recovery 

The farm budgets show the flow of net benefits to family
 
labor and farmer capital over time. This does not, however, impute
 
any value to these resources. Since they clearly have value to the
 
farmer, two alternative approaches are used to estimate profitability
 
to the farmer. The first estimates the internal rate of return to 
farmer capital by imputing to family labor the cost of hiring labor 
from outside the farm.rtis overestimates the value of family labor
 
to the extent that family members are willing to work on their own
 
farms for a lower return than would be necessary to induce them to
 
work for others. It is consistent, however, with labor time
 
estimates, which are based on the time required for each agricul
tural operation as if it were performed by hired labor.
 

The second indicator of profitability is net benefits per
 
manday of family labor input. These are calculated for the first
 
year of operation and for later, post-project years after the farm
 
has attained full development. Since this does not take into account
 
the value of farmer capital, a further calculation was made 'f the
 
ratio of discounted net benefits to discounted number of mandays.
 
The real rate of interest corrected, used in these calculations was
 
8 percent. Although this a reasonable estimate of the rate of
 
interest of capital available through the banking system, it may
 
underestimate the opportunity cost of capital to farmers to the
 
extent that the capital market in rural areas is thin and subject to
 
high risk and transactions costs. Nevertheless, the use of both the
 
internal rate of return and discourted benefits per manday provides
 
some assurance that the conclusions drown from this analysis are
 
correct.
 

The results of the calculations are shown in the farm budget
 
tables(51-65) below. In almost every case, they show extremely high
 
internal rates of return and net benefits per manday well in excess of
 
existing wage rates. Only manual cultivation in Bakel has a present value
 
of net benefits per manday of family labor which is only slightly in
 
excess of the daily wage rate. One reason for this is the high rate
 
of taxation on diesel fuel for pumping. Although farmer groupements
 
are in principle exempt from this tax, in practice,deliveries by
 
SAED of tax exempt fuel have been sporadic, and farmers have been
 
forced to buy from local service stations. Since a major purpose
 
of the project is to reduce dependence on the RDAs for delivery
 
of inputs, the farm budgets for Bakel have been calculated assuming
 
that pump fuel is taxed. It may be possible, however, to find some
 
way if issuing tax exemption certificates for purchase from private
 
distributors.
 

In Mauritania and at Podor, farmers are assumed to purchase

fuel from the RDA and thus not to pay any fuel tax. In Mali, on the
 
other hand, fuel taxes are quite high. This is offset, however, by
 
higher yields in rainfed cultivation and the importance of relati
vely high valued vegetables and peanuts in gross farm income.
 

Rates of return and net benefits per manday are higher for
 
animal traction than for manual cultivation except in Kayes, where
 
the rate of return on manual swamp cultivation is higher because
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the only investment made by farmers is their labor involved in

construction. The relatively high profitability of animal traction
farms is due partly to high yields resulting from the assumption that
these farmers are more advanced and able to combine their inputs moreeffectively. Thus part of this return is to management rather than tocapital or labor. In Podor, the gain from animal tracti'on is somewhat
less than elsewhere because of the greater costs of animal care due 
to higher feed requirements.
 

In every case, farm profitability is expected to increase
 
over time. This results from the assumption of an increase in yields

as farmers gain experience with improved techniques.
 

1.4.3. Fish Ponds
 

The economic evaluation of fish ponds is based upon the
technical design for fish ponds provided in the technical report, andupon information gathered from the existing Peace Corps fish produc
tion project in Senegal.
 

The production budget provides both an analysis of profitability to the farmers (market price column) and an economic analysis
(market cost column) for the annual operation of a fish pond of one
half hectares in the Bakel region. The notes to the production
budget detail the assumptions made for these calculations.
 

Fish ponds are clearly profitable to farmers given the
assumption made in calculating the production budgets. However, the
value of production is highly tentative, given variations in yields
and possible influence on fish prices. The price used in the production budget, 350 CFA/kg, is well below current prices in Bakel

(around 400 CFA/kg). However, Bakel prices are expected to fallsubstantially with the completion of the paved road from Saint.'Louis.
 
This assumption is supported by evidence that fish prices at Matam

in the middle valley are between 200 and 250 CFA/kg. 

A second influence on fish prices in the Bakel region is
a cold storage project which is planned for the near future. This
 
storage facility should further reduce the cost of fresh fish.
 

A final and converse influence on fish prices in the near
future will be the completion of the Diama Dam near Saint-Louis.
This is expected to reduce the fish catch at Saint-Louis subs
tantially, thereby raising prices in the valley.
 

The sensitivity of the rate of return to the farmer and
the economic rate of return 
to price changes is demonstrated in

the table below.
 

Producer price 
 Rate of return to farmer Economic rate of return
 
for fresh fish
 

250 CFA. 
 - 25% - I300 CFA 
 29 % 6 %350 CFA 83 % 13 %400 CFA 138 % 20 % 
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The rate of return to the farmer is much more variable than
 
the economic rate of return due to the small investment cost (only
 
his labor) which is required of the farmer. The farmer's rates of
 
return will approach the economic rates of return if farmers are
 
required to contribute more to construction,such as construction
 
material for the ponds.
 

The economic rates of return are also tentative given the
 
wide range of estimates made on costs of pond construction. The
 
technical analysis demonstrates that if machinery for pond construc
tion must be contracted specifically for fish ponds, the costs of
 
pond construction triple. The costs used below are based on the
 
assumption that coordination between fish pond and perimeter
 
construction activities will greatly reduce costs of machine services.
 

In the project economic analysis the investment costs for
 
fish ponds are included under construction costs. Thus, the value
 
of fish ponds represents the tet benefits of production costs and
 
labor to fish ponds operations, (as enumerated in the production
 
budget for fish ponds), multiplied by the number of fish ponds
 
under operation in each country as a result of the project.
 

Number of ponds brought into production
 
Annual net
 
benefit per

pond 1983 1984 1985 1986 1987 1988 1989
 

Senegal 117,300 CFA 10 2q+10) 30(+10) 40(+10) 50(+10) 60(+10) 70(+10)
 

Mauritania 23,460 UM I 3(+2) 5(+2) 8(+3) 12(+4)
 
Mali 234,600 FM 1 2(+1) 3(+1)
 

Annual net benefits for Mali and Mauritania are simply direct
 
conversions of benefits in Bakel. While input costs may actually be
 
somewhat higher in both these cases over Bakel, it is expected that fish
 
prices will also be higher due to their greater isolation from the ocean.
 

Fish pond annual production budget 

Market Market 
Cost Price 

Gross Revenue 455,000 455,000 

Expenditures 
Fingerlings 12,450 12,450 
Fertilizer - chemical 87P250 87,250 
Feed 78, 450 78,450 
Small tools 6,640 6,640 
Farm transport 1,000 1,000 
Diesel oil 17,900 24,480 
Lubricant 3, 750 3, 750 
Pump repair 14,000 14,000 
Pump operator 6,000 6,000 
Pump purchase 58,400 58,400 
Total fiancial expenditures to farmer 308,395 
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Net revenue exclusive labor to farmer 
Number of man days 

146,605 
83 

Net revenue per man day
Value of family labor 
Seasonal working capital for labor 
Seasonal working capital for inputs
Construction labor 
Construction 
Extension costs 
Indirect subsidy (tax) 
Total costs 
Net revenue (Gross Revenue-Total costs) 

41,600 
832 

4,084 
10,660 
68,400 
25, 000 
(35,620) 
416,771 
38,229 

1,766 
41,600 

832 
4,084 
10,660 
-

-
365,571 
89,429 

Economic Profitability 

Benefits 
Capital Costs 
Internal Rate of Return 

117,289 
890,000 

13 Z 

100,089 
120,000 

83 Z 

Notes to fish pond production budget 

1. Gross revenue : two fish crops of 650 kg are harvested each year.

The producer price for fish is assumed to be 350 CFA/kg. Thi3

price is derived from the current price in Bakel which is around
 
400 CFA/kg. The current price is expected to fall with the
 
completion of the paved road from Saint-louis. The expected producer

price is calculated as follows :
 

Current fresh fish price in Bakel 
 400 CFA/kg

less reduction in transport, losses and
 
storage costs with completion of highway 
 40 CFA/kg

less transport and handling from village to Bakel 
 10 CFA/kg
 

350 CFA/kg.
 

2. Fingerlings are assumed to be furnished by the farmer's
 
fingerling pond after the initial stocking. Fingerlings costs
 
are as follows :
 

1.66 fingerlings/m2 x 5000m2 x 100 fingerlings/kg x 150 F/kg.
 

3. Chemical fertilizer costs : 250 kg of 18-46-0 per season or 500kg/yr

at 174 CFA/kg delivered to pond. This price represents the real
 
cost of fertilizer and therefore does not assume the current subsidy.
 

4. Organic fertilizer : One ton per season of manure at 5 CFA/kg

including transport. Straw :5 tons/season at cost of transport of
 
1000 CFA/ton.
 

5. Feed requirements are 
for 1 500 kg/person of the following mixture
 

77% (1155 kg) rice brau at 15 CFA/kg - 17,325
18% ( 270 kg) peanut cake at 45 CFA/kg - 12,150 
5% C 75 kg) fish meal at 130 CFA/kg - 9,750 

39,225 CFA/season 
or 78,450 CFA/yr. 
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6. Tools and equipment have been estimated on the basis of Peace Corps
 
experience and recommendations.
 

Asset Capital recovery 
Price (CFA) life cost at 8% interest 

50m net (small mesh) 20,000 10 yrs. 2,980 
dip net 2,500 5 yrs. 372 
tub x 3 : 1/3 use of 
fish 3,000 10 yrs. 447 
spring scale 5,000 10 yrs. 745 
burlap sacs.x 5 1,500 2 yrs. 841 
small tools 5,000 5 yrs. 1,252 

6,637,6640CFA/yi 

7. Gasoil and Lubricant cost is assumed to be about the same as costs
 
for rainy season sorghum and dry season corn. (see page 91 ). This
 
assumption is based on water utilization rates for a half hectar
 
pond of 6500 m3/season which is close to that of a hectare of
 
corn and sorghum.
 

8. Pump repair, operator and purchase costs are charged the same as
 
for one hectareof irrigated land since water use levels are roughly
 
equivalent (see farm budget notes for Bakel, page 90 ).
 

9. Labor is valued at 500 CFA per manday for a six hour day.
 

Pond management labor
 
(1 hr/day x 130 days/harvest 6 hrs/day x 500 CFA/day 10,800
 
harvest labor : 20 md x 500 CFA/md 10,000
 

total labor value/season 20,800
 

10. 	Seasonal working capital for labor and inputs assumes an 8% real
 
interest rate over one half the production season (or 2% per year).
 

11. 	Construction costs for 1/2 ha fish pond
 

Topographic survey and design 	 15,000
 

Land cost assumed to be zero as ponds would be
 
built on land unsuitable for cultivation p.m.
 

Machine Costs : 	Buldozer 8 hrs x 40,000 CFA/hr 320,000
 
Road grader 8 hrs x 30 000 CFA/hr 240,000
 
Back hoe 6 hrs x 25 000 CFA/hr 150,000
 

Hand tools 	 10,000
 

Materials 	 50,000
 

Total Construction Costs less labor 770,000
 
Construction labor (240 mandays x 500 CFA/md) 120,000
 

Total Construction Costs (CFA) 	 890,000
 

($ - 300 CFA) 	 $ 2,967
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Capital recovery over 30 years at 8% interest
 

Construction 770 000 CFA - 68 400 CFA/yr 
Labor 120 000 CFA - 10 660 CFA/yr 

12. Extention costs are estimated to be the same as 
for one hectare
 
of irrigated cultivation.
 

1.4.4. Roads
 

Estimates of transport cost savings per ton-kilometer are
 
from the analysis done for the Mauritania Rural Roads Improvement
 
Project. 

Cost per km (UM/km) 

Earth 
Loading Asphalt Excellent Good Mediocre Bad 

Small Vehicle .5 tn 10.85 12.91 14.24 16.49 18.45 
Truck 10 tn 34.57 45.57 56.0 67.41 82.28 

It is assumed that the feeder roads constructed by this project will
 
improve road conditions from bad to good earth roads. Thus savings
 
per kilometer for a 10 ton truck are 26.28 UM, or 2.63 UM per ton/

kilometer. For the smAll pickup, savings are 4.21 UM or 8.4 UM per
 
ton/kilometer.
 

Surplus production marketed by these roads in Gouraye is
 
estimated in the marketing analysis as follows
 

(tons)
 
1986 1989
 

Rice 18.0 304.9
 
Sorghum-Corn 76.4 859
 
Total 94 1164
 

The following assumptions are made in generating road user
 
benefits. Surplus production created by the project represents the
 
only surplus marketed from the region through 1989. Thereafter this
 
surplus is assumed to grow at the same rate as rural population

i.e., 3 percent. Prior to the projectall production is transported

by small pickups ; after the roads are built~crops are transported

by larger 10 ton trucks. The savings per tonfkilometer are the
 
difference between transport costs for small vehicles on bad roads
 
(36,9 UM per ton/kilometer) and transport costs for large trucks on
 
good roads (5,f UM per ton/kilometer), or 31.3 UM ton/kilometer.
 
The average distance transported of each ton of surplus production

is assumed to be one fourth the length of the project roads. The
 
vehicle mileage, however, is twice this distance. Improved roads
 
are assumed to become usable in 1988. For Gouraye, therefore, net
 
road user benefits may be calculated as follows :
 

1164 tons per year x 155/2 km x 31,3 UM/ton km - 2,823,573 UM/yr. 

Net project benefits during the life of the project and for
 
23 years thereafter are given by the following table :
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Table n* 87 
 NET BENEFITS FROM ROAD CONSTRUCTION IN
 

GOURAYE
 

(million UM)
 

1986 1987 1988 1989 
 1990 2012
 

Investment Cost 
 98.42 100.09 53.60
 

Maintenance Costo) 
 .61 .61 .61 .61
 

Total Cost 98.42 100.09 54.21 .61 .61 .61
 

Benefitto Road
 . User±' 
 2.82 2.82 2.90 
 5.12
 

Net Benefits -98.42 -100.09 -51.39 2.21 2.29 
 4.51
 

Notes
 

ta)Assumes 1 worker employed year round for every 10 km at 150 UM/day x
 
22 days/month. Thus annual maintenance costs are:
 

39600 UM/laborer x 1 KM/labor - 613800 UM. 

(b)Assumes an annual growth in marketed output after 1989 equal to 
the growth of rural population of 3 percent per year. 
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1.4.5. Project Costs and Financing
 

Project costs for the agricultural production components,
 
in constant 1981 local currency prices, are given by zone in the
 
following tables along with costs for roads, health, and OMVS technical
 
assistance. All costs are total and include the value of family labor
 
and capital, farmers' cash expenditures, and local government
 
contributions in addition to those costs paid for by the proposed
 
AID grant.
 

1.4.5.1. Project Costs.
 

On-farm costs were calculated by multiplying farm gate costs
 
shown in the farm budgets times the number of farms participating in
 
the project each year (see table 88 for timing and magnitude of farm
 
participation). To these costs were added those of cbnstruction,
 
extension service, technical assistance, commodities, and operations
 
and maintenance.
 

The last two columns to the right in the tables show the
 
proportion of foreign exchange and indirect taxes estimated to be
 
included in each line item. The former is used to estimate the net
 
balance of payments impact of the project ; the latter allows indirect
 
taxes to be deducted in calculating economic internal rates of return
 
and is used in the government financial analysis. The coefficients
 
contained in these columns are taken from an AID financed study of rice
 
in West Africa (1). Total costs exclusive of indirect taxes are shown
 
in the last row of the tables.
 

1.4.5.2. Project Financing
 

Project costs for each component are summarized in the
 
foliowing tables,which also show how these costs are financed.
 
Farmers' contributions consist of medium-term credit repayment and
 
current farmer expenditures, including the implicit value of family
 
labor and capital. The local government contribution is a residual
 
after deducting farmers' contributions and the proposed AID grant
 
from total project costs. It consists primarily of salaries of
 
extension service personnel since extension operating costs are to
 
be paid for by the proposed AID grant over the life of the project. 
Overall, farmers are expected to contribute 28 percent and local 
governments 1 percent of total project costs. 

(1) The results of this study are published in Scott R. Pearson,
 
J. Dirck Stryker, Charles P. Humphreys, and others, Rice in
 
West Africa : Policy and Economics, Stanford : Stanford
 
University Pre-s, 1981.
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Table No. 88 


SENEGAL
 
Podor
 

Area Brought Into Cultivation 

Manual Farm Area (Farm Size 0.75 ha) 

Number Of Manual Farms 

Animal Traction Farm Area (Farm Size :1.5 ha)

Number of kni.a.l Traction Farms 

Bakel
 

Area Brought Into Cultivation 

Manual Farm Area (Farm Size: 0.50 ha)

Number Of Manual Farms 

Animal Traction Farm Area (Farm size : 1.50 ha)

Number Of Animal Traction Farmers 


MAURITANIA
 
Gouraye 
Area Brought Into Cultivation 

Manual Farm Area (Farm Size 
: 0.50 ha)

Number Of Manual Farms 

Animal Traction Farm Area (Farm size : 1.50 ha)

Number Of Animal Traction Farms 


Kaedi
 

Area Brought Into Cultivation 

Manual Farm Area (Farm Size: 0.3 ha)

Number Of Manual Farmers 

Animal Traction Farm Area (Farm Size 
: 1.3 ha)

Number Of Animal Traction Farmers 


TIMING AND MAGNITUDE OF FARH PARTICIPATION IN PROJECT (1)
 

1984 
 1985 
 1986 
 1987 


- 380 512 (+132)

- - 380 412 (+ 32) 

- 506 549 (+ 43)
- 09 100 


66 


115 344 (+229)" 496 (+132) 496 

115 314 (+199) 406 (+ 92) 346 (- 60)

230 628 (+398) 812 (+184) 
 692 (-120) 

- 30 90 (+ 60) 150 (+ 60)


20 60 (+ 40) 100 (+ 40) 


100 275 (+175) 450 (+ 75) 
 652 (+202)

65 
 125 (+ 60) 225 (+100) 352 (+127)


130 250 (+120) 450 (+200) 
 704 (+254)

35 150 (+115) 225 (+ 75) 
 300 (+ 75)

23 100 (+ 77) 
 150 (+ 50) 200 (+ 50) 


100 
 275 (+175) 450 (+175) 697 (+274)

65 
 125 (+ 60) 225 (+100) 407 (+182)


216 416 (+200) 750 (+334) 
 1357 (+607)

35 150 (+115) 225 (+ 75) 
 290 (+ 65)

26 115 (+ 89) 173 (+ 58) 223 (+ 50) 


1988 


512 

412 

549 

100 

66 


496 

286 (- 60) 

572 (-120) 

210 (+ 60) 

140 (+ 40) 


652 

352 

704 

300 

200 


922 (+225) 

567 (+160) 


1890 (+533) 

355 (+ 65) 

273 (+ 50) 


1989 


782 (+270) 

432 (+ 20) 

576 (+ 27) 

350 (+250) 

233 (+167) 


496 

256 (-30) 

512 (-60) 

240 (+30) 

160 (+20) 


652 

352 

704 

300 

200 


1990
 

782
 
432
 
576
 
350
 
233
 

496
 
256
 
512
 
240
 
160
 

652
 
352
 
704
 
300
 
200
 

1035 (+113) 1035 
615 (+ 48) 550 (- 65) 

2030 (+160) 1833 (-215)
 
420 (+ 65) 485 (+ 65)
 
323 (+ 50) 373 (+ 50)
 



Table 88 TIMING AND MAGNITUDE OF FARM PARTICIPATION IN PROJECT (1) 

MALI 1984 1985 1986 1987 1988 1989 1990 

Area Brought Into Cultivation 
Manual Farming (Farm Size : 0.75 ha)
Number Of Manual Farms 
Animal Traction Farming (Farm Size : 
Number Of Animal Traction Farms 

1.75 ha) 

-

-

-

-

--

-_ 
-

-

-

-

-
-
-
-

300 
10 
20 

150 
86 

600 (+300) 
300 (*150) 
00 (+20) 

300 (+500) 
172 (+ 86) 

750 (+150) 
350 (+150) 
467 (+ 50) 

400 (*100) 
229 (+ 57) 

Area Rehabilitated 
Manual Farming (Farm Size : 0.75 ha) 
Number Of Manual Farms 
Animal Traction Farming (Farm Size 1.75 ha)
Number Of Animal Traction Farms 

_ 

--
-

-

-

-

116 
116 
155 

-30 

232 (+116) 
180 (+ 64) 
240 (+ 85) 

52 

232 
180 
240 

52 
30 

232 
180 
240 
52 
30 

232 
180 
240 

52 
30 



PROJECT COSTS: GOURAYE
Table No. 89 

(ILLION)
 

2 Foreign Z Indirect
 

Total Exchange Taxes

1984 1985 1986 1987 1988 1989 1990 


ON FARM COSTS
 

4
1.18 1.18 1.18 1.18 6.92 20

0.3 0.7 1.2


Seeds 12
66.02 74
5.5 8.8 12.48 12.48 12.48 12.48
1.8
Fertilizer 18
10.48 70 

Chemicals 
 0.3 0.9 1.4 1.97 1.97 1.97 1.97 


4.67 8.17 12.84 30 6
 
Pump Purchase 
 7.80 41.10 52 35
 
Pump Operation 
 1.2 3.3 5.4 7.80 7.80 7.80 


25 3

0.5 0.9 1.33 1.33 1.33 1.33 6.92
0.2
Small Tools 8
1.60 8.30 71


0.2 0.6 1.1 1.60 1.60 1.60 

Farm Tranaport 
 2.35 (1.01) 4.04 0 0
 

0.2 .86 0.6 .84 .20 

Oxen Bought/Sold 0
23.72 0
5.53 5.53 5.53 5.53
0.1 0.6 0.9

Animal Care 
 3.00 74 16


0.5 1.5 1.0

Animal Traction Equipment 
 0
2.94 0
.56 .56 .56 .56
0.1 0.2 0.4

Seasonal Working Capital For Inputs 0
3.63 18.72 0
2.3 3.63 3.63 3.63
0.6 1.3
Land 
 37.63 37.63 206.96 0 0
 

12.5 15.6 28.34 S7.63 37.63 

Labor 
 80.87 411.96
18.0 31.56 52.34 74.55 73.91 80.73 

Sub-total 


96.C5 58 18
2.72 - 24.40 28.39 30.70 10.44

CONSTRUCTION 
 3.16 8.31 10 5
 
EXTENSION SERVICE 10


.21 .48 .29 1.39 1.39 1.39 

72.99 100
5.89 16.00 24.90 13.11 7.86 5.23 -


TECHNICAL ASSISTANCE 
 6
- 50.80 80

24.98 10.76 8.91 3.93 2.22 -


COt4MODITIES 
 3.85 1.61 43.36 45 13

6.10 13.06 7.08 5.71 5.95 


OPEPATING COSTS 


94.05 91.20 85.64 684.07
79.58 100.25 124.22 109.13
Total Costs 


Less Savings To Indirect Taxes and
 3.88. 30.57
5.14 5.57 2.11 3.90 

Shadow Value Of Foreign Exchange 4.08 5.89 


91.94 87.30 81.76 - 653.5075.50 94.36 119.08 101-56
Economic Costs 


On Farm Costs are derived from the farm budgets for'this region by multiplying each 
Item In the farm budget by the number of
 

Notes: 1. 


project farms expected to be in operation in that year.
 

All other costs are taken from the project financing tables provided in the appendices to the project paper (deflated 
to 1981 values).


2. 


The economic value of foreign exchange is assumed to be 110% of the nominal value In Haurttania.
3. 




Table No. 	90 

PROJECT COSTS: 
 KAEDI
(MILLION CFA)
 

1984 
 1985 
 1986 
 1987 
 1988 
 1989 
 1990 Total 
 Z Foreign Zindirect
 
Exchange_ Taxes
 

ON-FARM COSTS
 

Seeds
Fertilizer 

0.51.6 1.2 2.0
5.2 8.3 1.69 3.20
12.01 	 3.47 3.10 15.16
Chemicals 	 15.45 75.29 20 4
12.27 130.12 
 74
0.2 0.6 0.9 	 12
PumpPump Purchasepurate 	 1.26 1.61 
 1.99 8.1 70 18
1.85 1.99 8.41 70
Pump Operation 	 is
 
1.8 	 4.67 8.17
5.1 	 12.84
Small Tools 	 8.3 12.91 58 18
17.07 
 19.16 
 19.19
0.4 	 83.56
FOrm Transport 0.8 1.4 2.35 	 52 35
3.53
Oxen 	 0.2 0.6 

3.21 3.28 14.97 25
Bougt/Sld 	 1.0 
 1.62 	 3
2.15
3.3 	 2.41 2.41
1.0 	 15.27
0.6 	 71
.56 3.86 	 8
1.01 (1.25) 9.08 0
AnimalAnimal Traction 	 0
Tare Equipment 
 0.1 0.6
Land 	 0.5
Seasonal Working Capital 	 1.8 0.9 1.20 1.47
For Inputs 	 1.2 1.00 1.74 2.01 8.02 
 0
0.1 	 1.00
0.3 	 10 1.001.0 1.03
0.4 	 1.00 7.46 74
.68 	 16
.89 1.00 
 1.02 
 4.39
Labor 	 0 0
 
1.7 
 3.4 
 6.1 10.86 
 14.99 16.36 14.94
Sub-Total 	 61.45 0
10.6 21.64 39.70 60.33 	 0
SU TO 	 77.03 82.12 7816 369.58 0 0
N 
 21.00 42.24
EXTENSION 	SERVICE 70.80 106.47 141.93 213.61 
 146.29 742.34
24.40 
 28.39
TECHNICAL 	ASSISTANCE 30.70 60.15 
 60.15

.14 	 203.79
COHODITIES .36 .49 	 58 18
1.82 
 2.02 
 2.11
OPERATING 	 5.08 14.68 19.23 3.37 10.31 10
S 	 16.96 5
10.17
28.13 10.95 	 5.66 - 71.78T5.43 	 8.91 100
18.50 	 10
8.89


6.97 	 75.38
7.78 	 80
5.91 5.18 3.85 8.48 	
7
 

43.60
Total Cots 	 42 10
 
84.18 
 103.59 
 137.91
Less Return 	 209.81 228.34 225.23
To Indirect Taxes 

158.14 703.80
 

And Shadow Value Of 
Foreign Exchange 	
5.93
3.57 
 7.52 
 12.49 
 14.25 
 10.72 
 7.90 
 62.38
Economic Costa 


80.61 
 97.66 130.39 
 197.32 
 214.09 
 214.51 
 150.24 
 641.42
 

Notes: 	 1. 
On Farm Costa are derived from the farm budgets for this region by multiplying each Item in the farm budget by the number of
 
project 
farms expected to be in operation In that year.
 

2. 
All other costs are taken fromithe project financing tables provided in the appendices to the project paper (deflated to 1981 values).
3. 
The economic value of foreign exchange is assumed to be 110Z of the nominal value In Mauritania.
 

C



Table No. 91 
 PROJECT COSTS: KAYES
 
(HILLION ALIAN FRANCS, 1981)
 

1984 1985 
 1986 1987 1988 1989 1990 Total 	 Z Foreign Z Indirect
 

Exchange Tax
 

ON-FARM COSTS
 
Seeds 
 - - - - 5.8 11.6 14.4 31.8 20 4
 
Fertilizers -  - - 24.7 49.4 63.5 137.6 74 12
 
Chemicals  - - - 1.7 3.4 4.4 9.5 70 18
 
Small Tools - - -  3.5 7.0 8.6 19.1 25 3
 
Farm Transport 
 - - - - 3.3 6.6 8.3 18.2 71 8 
Oxen Bought/Sold 	  - - 9.6 19.3 25.6 - 54.5 0 0
 
Animal Care -  - - 5.6 11.1 14.8 31.5 0 0
 
Animal Traction Equipment - - - 17.2 34.4 45.8 - 9.4 77 
 16
 
Seasonal Working Capital For Inputs .-
 .9 1.8 2.3 5.0 0 0
 
Labor -	  - 54.1 192.5 303.7 206.7 757.0 0 0 
SUB-TOTAL ON FARM COSTS -	  - 80.9 291.7 466.0 323.0 1161.1
 

CONSTRUCTION 
 52.8 27.8 171.9 965.8 323.7 - - 1542.0 58 18
 
EXTENSION SERVICE 
 - 2.9 14.3 20.0 20.0 20.0 20.0 97.2 10 5
 
TECHNICAL ASSISTANCE 16.7 
 188.5 234.7 217.4 175.4 137.1 92.6 1062.4 100 10
 
COHMODITIES 127.8 	 90.6 - 87.2 
 18.9 - - 324.5 80 7
 
OPERATING COSTS - 35.6 36.1 40.0 41.7 38.3 42.2 
 233.9 42 10
 
TOTAL COSTS 197.3 345.9 457.0 
 1411.3 871.4 661.4 477.6 4421.1
 

Less Value Of Indirect Taxes 20.1 	 33.8 58.7 
 209.4 91.7 33.6 24.4 471.8
 
Economic Costs 	 177.2 311.6 398.3 
 1101.9 779.7 627.8 453.2 3949.3
 

Notes: 1. On Farm Costs are derived from the farm budgets, by multiplying each Item in the farm budgets by the number of project farms expected
 

to be In operation In that year.
 

2. All other costs are derivtd from project financing tables provided In the appendices to the project paper.
 

3. The shadow value of foreign exchange Is assumed to be the same au the nominal value.
 



Table Ho.92 PROJECT COSTS: BAKEL
 
(MILLION CFA)
 

1984 1985 1986 1987 1988 1989 1990 Total 	 2 Foreign Z Indirect
 
Exchange Tax
 

ON-FARM COSTS
 
Seeds 1.85 5.38 7.48 
 7.13 6.79 6.61 6.61 41.85 20 4
 

Fertilizer 6.43 19.09 
 27.31 27.01 26.74 26.59 26.59 159.76 74 12
 

Chemicals .31 1.08 1.08 
 2.11 2.43 2.58 2.58 12.89 70 18
 

Pump Purchase - - - - 26.84 46.45 14.30 87.59 80 6
 

Pump Operation 9.28 27.64 39.69 39.46 39.24 39.13 39.13 234.57 52 35
 

Small Tools 1.93 5.42 7.30 6.64 5.96 5.63 5.63 38.51 25 3
 

Farm Transport .92 2.77 
 4.30 4.70 4.11 4.13 4.13 24.16 71 8
 

Oxen Bought/Sold  1.12 2.24 2.24 2.24 2.24 0.14 10.22 0 0
 

3.17 4.44 5.07 5.07 20.28 0 0
 

Animal Traction Equipment - 2.00 4.00 4.00 4.O0 4.00 4.00 18.00 74 16
 

Seasonal Working Capital For Inputs .44 1.31 1.87 1.85 


Animal Care 	 - .63 1.90 

1.83 1.82 1.82 10.94 0 0
 

3.55 9.95 10.32 12.17 10.94 10.32 10.32 67.57 0 0
Land 

59.30 157.57 196.39 166.05 153.96 147.90 147.90 1029.07 0 0
Labor 

84.01 233.96 304.33 275.90 289.52 302.47 264.22 1755.41
SUB-TOTAL 


CONSTRUCTION 350.43 218.70 20.58 - - - - 589.71 58 18 
EXTENSION SERVICE 5.09 9.49 10.67 9.36 9.71 9.71 10.05 64.08 10 5 
TECHNICAL ASSISTANCE 102.90 142.20 15.90 - - - - 261.00 100 10 
COMMODITIES 	 24.00 12.40 - 20.80 - -  57.20 80 7
 

OPERATING COSTS 
 24.10 26.50 28.00 28.00 21.20 19.20 16.2 163.20 42 10
 

TOTAL COSTS 590.53 643.25 379.48 334.06 320.43 331.38 290.47 2989.34
 

Less Indirect Taxes 82.40 70.51 27.82 23.10 13.29 16.68 9.79 243.59
 

Economic Costs (Adjusted) 508.13 372.74 351.66 310.96 307.14 314.70 280.68 2745.75
 

Notes: 1. On Farm-Costs are derived from the farm budgets for this region by multiplying each Item in the farm budget by the number of
 

project farms expected to be in operation in that year.
 

2. All other costs are taken from the project financing tables prnvided In the appendices to the project paper (deflated to 1981 values).
 

3. The economic value of foreign exchange is assumed to be the same an the nominal value In Senegal.
 

LAt
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PROJECT COSTS: PODOR
 
Table No. 93 


(MILLION CFA)
 

1990 Total Z Foreign Zlndirect
1984 1985 1986 1987 1988 1989 

Exchange Taxes
 

ON-FARH COSTS
 

8.5 33.1 20 4
4.5 5.8 5.8 8.5 

Seeds 


68.0 68.0 234.3 74 12
23.7 .37.3 37.3

Fertilizer 


3.5 6.9 6.9 15.1 15.1 47.5 70 18
 
Chemicals 
 67.9 58 	 18
 
Fixed Change For Perimeter Maintenance 	 8.7 11.7 11.7 17.9 17.9 


39.5 39.5 150.3 52 35
19.7 25.8 25.8
Water Charge 
 28.0 25" 3
4.2 5.1 5.1 6.8 6.8 

Small Tools 


5.4 20.3 71 8
2.5 3.5 3.5 5.4 

Farm Transport 


- 3.7 - 9.3 - 13.0 0 0
 
Oxen Bought/Sold 


- 2.3 2.3 8.1 8.1 20.8 0 0 
Animal Care 


- 6.6 - 16.7 - 23.3 74 16 
Animal Traction Equipment 


3.2 11.1 0 0
1.1 1.8 1.8 3.2

Seasonal Working Capital For Inputs 	 0
37.2 	 157.0 0 


0 0
 
24.4 29.1 29.1 37.2


Land 	
45.6 136.3 151.5 183.9 210.6 210.6 938.5 


Labor 

313.2 446.3 420.3 1745.1
45.6 228.6 291.1
Sub-Total 


411.2 - - 1525.6 58 18

20.0 401.4 378.4 314.6
CONSTRUCTION 

3.35 9.95 15.04 17.34 17.70 17.70 15.01 96.1 10 5
 

EXTENSION SERVICE 

- - 347.7 100 10
 

- 94.80 142.20 110.70
-
TECHNICAL ASSISTANCE 

- - - 54.8 80 7


24.0 12.4 - 18.4
COMMODITIES 
 16.20 160.5 42

21.4 26.5 28.00 28.00 21.2 19.20 	 10
 

OPERATING COSTS 


483.2 451.5 3929.8
68.7 495.8 744.8 811.6 874.0
Total Costs 


7.6 76.2 93.4 94.3 105.8 34.4 30.8 442.8
 
Less Indirect Taxes 


448.8 490.7 3487.0
61.1 419.6 651.4 717.3 768.2
Economic Costs 


On Farm Costs are derived from the farm budgets for this region by multiplying each item in 
the farm budget by the number of
 

Notes: I. 


project farms expected 	to be in operation in that year.
 

All other costs are taken from the project financing tables provided in the appendices to the 
project paper (deflated to 1981 values).


2. 


3. The economic value 	of foreign exchange is assumed to be the same as the nominal value in Senegal.
 



Table No. 94 
 PROJECT COSTS
 
(THOUSAND $. 1981)
 

1984 1985 1986 1987 1988 1989 1990 Total Foreign Exchange 
and Indirect tax 
values 

ROADS 

MAURITANIA 
Construction 
Maintenance 

-

-

-
- -

1800 
594 

1800 
828 

945 
576 

-
-

4575 
1998 

MALI 
Construction - - 193 259 - - - 452 81 

Total - - 193 1653 2628 1521 - 6995 

HEALTH 

MAURITANIA 
Technical Assistance 
Training 
Office Renovation 
Commodities 
Operating Costa 
Contingency 
Mauritanian Staff Costs 

SUB-TOTAL 

-
90 
10 

316 
-

15 
-

431 

60 
51 

-

-
88 
13 
14 

226 

56 
48 

-

43 
81 
11 
14 

253. 

56 
37 

-

101 
74 
11 
14 

293 

48 
4 

-

36 
70 
10 
14 

182 

44 
4 
-

-
66 
10 
14 

151 

-
-
-

-
-
-
-
-

264 
234 
10 

496 
379 
70 
70 

1522 

0 
0 
1.2 

14.8 

4.2 
58.2 

MALI 
Technical Assistance 
Training 
Office Renovation 
Commodities 
Operating Costa 
Mali Staff Costs 

SUB-TOTAL 

-
-

50 
220 

2 
-

272 

44 
38 

-

-
30 
14 

126 

41 
32 

-

51 
17 
14 

155 

38 
33 

-

60 
25 
14 

170 

36 
28 

-

40 
14 
14 

132 

33 
4 
-

-
.22 
14 
73 

-
-
-

-
-
-
-

192 
135 
50 

371 
110 
70 

928 

19.2 
13.5 
9.0 

26.0 
11.0 
7.0 

85.7 

SENEGAL 
Technical Assistance 
Training 
Office Renovations 
Commodities 
Operating Costs 
Senegal Staff Costa 

SUB-TOTAL 

-
-

10 
235 

-
-

245 

44 
59 

-

-
44 
14 

151 

41 
24 

-

21 
42 
14 
142 

38 
22 

-

42 
38 
14 

154 

36 
21 

-

21 
35 
14 

127 

33 
2 
-

-
34 
14 
83 

-
-
-

-
-
-
-

192 
128 
10 

319 
193 
70 

912 

19.2 
12.8 
1.8 

35.6 
19.3 
7.0 

95.8 
W"TAL 948 &13 550 617 441 293 - 3362 



Table No. 94 (B) 


OHVS
 

Technical Assistance 

Studies 

Training 

Commodities 

Operating Costs 


SUB-TOTAL 

OHVS Staff Costs 


TOTAL 


1984 


164 

-

5 


145 

28 


342 

17 


359 


1985 


793 

815 

100 

93 

58 


1859 

53 


1912 


1986 


953 

931 

58 

-

54 


1896 

53 


1949 


PROJECT COSTS
 
(THUOUSAN
 

1987 1988 


797 

742 

54 

44 

50 


1687 

56 


1743 


459 

294 

35 

-

39 


827 

29 


856 


1989 


291 

135 

32 

-


34 

492 

22 


514 


1990 


197 

-

3 

-

19 


219 

0 


219 


Total 


3654 

2917 

287 

282 

282 


7322 

230 


7552 


Foreign Exchange
 
and Indirect tax
 
values
 

365.4
 
291.7
 
28.7
 
19.7
 
28.2
 

733.7
 
23.0
 

756.7
 



TABLE No 95 

PROJECT FINANCING (THOUSAND , 1981)
 

1984 1985 1986 1987 1988 1989 1990 TOTAL 
IRRIGATION 

UAKEL: Farmer Contribution 
Proposed AID Grant 
Local Government Funds 
TOAh 

279.75 
1669.76 

16.95 
1966.46 

779.09 
1331.33 
31.60 

2142.02 

1013.42 
214.72 
35.53 

1263.67 

918.75 
162.50 
31.17 

1112.42 

964.10 
70.60 
32.33 

1067.03 

1007.23 
63.94 
32.33 

1103.50 

879.85 
53.95 
33.47 

967.27 

5845.52 
3566.80 
213.39 
9625.71 

PODOR: Farmer Contribution 
Proposed AID Grant 
Local Government Funds 
TOTAL 

217.78 
11.16 

228.94 

151.85 
1466.20 
33.13 

1651.18 

761.24 
1669.00 
50.08 

2480.32 

969.36 
1675.66 
57.74 

2702.76 

1042.96 
1808.52 
58.94 

2910.42 

1486.18 
69.94 
58.94 

1615.06 

1399.60 
53.95 
49.98 

1503.53 

5811.18 
6955.04 
320.0O 

13086.23 

KAEDI: Farmer Contribution 
Proposed AID Grant 

Proposed World Bank GrantLocal Government Funds 
TOTAL 

405.30 
268.67 

948.00 
2.70 

1624.67 

815.23 
250.11 

927.00 
6.95 

1999.29 

1366.44 
325.77 

960.00 
9.46 

2661.67 

2054.87 
1959.34 

35.13 
4049.34 

2739.25 
1628.73 

38.99 
4406.97 

4122.67 
183.54 

40.72 
4346.93 

2823.40 
163.66 

65.04 
3052.10 

14327.16 
4779.82 

198.99 
19305.97 

GOURAYE: Farmer Contribution 
Proposed AID Grant 

Proposed World Bank GrantLocal Government Funds 
TOTAL 

347.40 
152.44 

1032.00 
4.05 

1535.89 

609.11 
369.45 

947.00 
9.26 

1934.82 

1010.16 
343.69 

1038.00 
5.60 

2397.45 

1438.82 
640.57 

26.83 
2106.22 

1426.46 
361.88 

26.83 
1815.17 

1558.09 
175.24 

26.83 
1760.16 

1560.79 
31.07 

60.99 
1652.85 

7950.83 
2074.34 

160.39 
10185.56 

KAYES: Farmer Contribution 
Proposed AID Grant 
Local Government Fund. 
TOTAL 

329.49 

329.49 

571.98 
4.84 

576.82 

739.31 
23.88 

763.19 

135.10 
2188.37 
33.40 

2356.87 

487.14 
934.70 
33.40 

1455.24 

778.22 
292.92 
33.40 

3104.54 

539.41 
225.12 
33.40 

797.93 

1939.87 
5281.89 
162.32 

7384.08 

La 



TABLE No. 96 PROJECT FINANCING (THOUSAND Se 1981)
 

YEAR 1984 1985 1986 1987 1988 1989 1990 TOTAL 

ROADS 

Proposed AID grant - Mauritania 
Proposed .dD grant - Mali 
Total 

-
-

-

-
257 
257 

-

-

2394 
-

2394 

2628 
-

2628 

1521 
-

1521 

-
-

-

6543 
257 

6800 

HEALTH (Thousand $) 

Proposed AID grant - Mali 
Proposed AID grant - Mauritania 
Proposed AID grant - Senegal 
Local Government funds - Mali 
Local Government funds - Mauritania 
Local Government funds - Senegal 
Total 

250 
431 
245 

-

-
948 

118 
212 
147 
14 
14 
14 

513 

156 
239 
128 
14 
14 
14 

550 

187 
279 
140 
14 
14 
14 

617 

152 
168 
113 
14 
14 
14 

441 

85 
123 
69 
14 
14 
14 

293 

-
-

-
-
-
-
-

948 
1452 
842 
70 
70 
70 

3362 

OMVS (Thousand $) 

Proposed AID grant 
OMVS contribution 
Total 

342 
17 

359 

1859 
53 

1912 

1896 
53 

1949 

1687 
56 

1743 

827 
29 
856 

494 
22 

516 

214 
-

214 

7319 
230 

7549 

TOTAL (Thousand $) 

Farmers contribution 
Proposed AID grant 
Proposed World Bank Grant 

Local Government Funds: 
Senegal 
Mauritania 
Mali 

OMVS Contribution 
Total 

1032 
3906 
1980 

28 
7 
-

17 
6970 

2355 
6582 
1874 

79 
30 
19 
53 

10992 

4151 
5711 
1998 

100 
29 
38 
53 

12080 

5517 
11313 

103 
76 
47 
56 

17112 

6660 
9328 

105 
80 
47 
29 

16249 

8952 
3078 

105 
82 
47 
22 

12286 

7203 
742 

83 
126 
33 
0 

8187 

35870 
40660 
5852 

603 
430 
231 
230 

83876 
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1.4.G.Government Financial Analysis
 

Local government sources and uses of funds in constant 1981 prices
 
are shown in the following tables for each of the project zones and for
 
the roads, health, and OMVS technical assistance components. Sources
 
of funds include indirect taxes estimated from the project costs tables,
 
and in Bakel, direct taxes on diesel oil. Uses of funds include local
 
government contributions to project costs.(principally the salaries of
 
extension agents, during the project)and salaries, fringe benefits, and
 
operating costs of the extension service after the project.
 

Indirect taxes shown in these- tables include only taxes involved
 
in the fagrication and delivery of inputs to the farm. It is assumed
 
that the inputs themselves are tax-free (except for taxes paid on
 
diesel oil,where this is not generally available from tax-free sources).
 
Nevertheless, taxes are still indirectly paid on inputs used for
 
fabrication and delivery. The cost of transporting fertilizer to the
 
perimeters, for example, includes allowance for fuel taxes paid by the
 
transporters.
 

One other source of indirect tax revenue has been omitted because
 
of lack of data. This is the taxes paid on items purchased by farmers
 
with the increased income they earn as a result of the project. To
 
the extent that this money is spent on items that are directly taxed,
 
the revenues earned.by government may be well in excess of the amounts
 
shown in the table.
 

The analysis assumes that all inputs are bought at market cost by

the farmers, and therefore no subsidy is bormby the government. More
over, large farm equipment purchases include pumps and animal traction
 
equipment are assumed here to be bought by the farmers directly from
 
the supplier rather than through the RDA. The subsidy on the first
 
pump purchase for each perimeter isfinanced by the project grant.
 

If,however, large farm equipment is sold to the farmers through
 
government institutions (RDA or bank) a net transfer of funds from the
 
AID grant to the government will occur. T.he project grant will then
 
buy the first pump for the project perimeters. Farmers will then repay
 
fifty percent of these pump cost, but to the government institution,
 
thereby establishing a revolving capital fund for financing later pump
 
purchases.
 

On the other hand, the government's financial burden will be
 
increased to the extent that farmers fail to repay their loans. In the
 
credit analysis (Section 3.9,Volume III),a contingency of 20% has
 
been provided for delayed payment or default. It is planned by the end
 
of the project period, however, that repayment rates will attain high
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levels as a result of the credit systems being implemented. To the
 
extent that this does not occur, governments will have to cover credit
 
losses through higher interest rates or other means.
 

In addition, it is assumed that government recurrent costs after

the project is completed will not include any additional expenditures

at RDA headquarters. This is reasonable insofar as salaries are

concerned given the underutilization that currently exists of headquarters

personnel. But there may be some minor additional operating costs that
 
are omitted.
 

Overall, the project will not place a heavy burden on the

governments' financial resources. 
In Senegal, the increased taxes
 
earned directly from the diesel oil tax and indirectly from the project

will more than offset the additional recurrent for extension services.
 
In Mauritania and Mali, recurrent costs will exceed somewhat the new
 
taxes generated for the post project years. 
In each country, however,

the recurrent cost burden even to the RDAs will be very low since the

project assumes that all recurrent subsidies on inputs are eliminated
 
and that the density of extension agents is reduced to relatively

modest levels by the time the project is completed.
 

In all three countries, the taxes will go to the central treasury

and the expenditures will be incurred largely by the RDAf. 
 Thus
 
appropriate financial arrangements must be made by these governments to

channel adequate funds from the central government budget to the RDAs
 
to cover their increased costs associated with the project.
 

The recurrent cost of road maintenance in Mauritania annually is
1,408,960 UM ($27,200). This maintenance is provided by the project

through 1989 and by the national Public Works department thereafter.

It is expected to cost approximately $200 per year per kilometer. 
This
 same figure is used to calculate maintenance for the 26 kilometers of
 
road to be built by the project in Mali.
 

The recurrent cost for health will be used to maintain the staff
which they provide during the project and to assume the cost of operating

expenses for the health monitoring units once the project ends its
 
support at the end of 1988.
 

OMVS will bear recurrent costs only for continuing coordination
 
and direction of developmental activity in the project zones. 
It is

therefore assumed that one person 
will be required for six months of
 
each year to carry on this function.
 



Table No. 97 
 GOVERNMENT SOURCES AND USES OF FUNDS : OVS
 
(THOUSAND $) 

84 85 86 87 88 89 90 91 92 93-2013
 

SOURCES:
 

Indirect taxes 31.55 188.41 204.9 172.98 95.6 51.4 21.4 0 0 0
 

USES:
 

Salaries 
 9.0 27.7 27.7 30.0 15.7 11.3 4.5 4.5 4.5 4.5
 
Indemnities 4.2 13.0 13.0 14.0 7.4 5.2 2.1 2.1 2.1 2.1
 
Office Space 
 3.6 12.0 12.0 12.0 6.0 6.0 3.0 3.0 3.0 3.0
 
Total Uses 16.8 52.7 52.7 56.0 29.1 22.5 9.6 9.6 9.6 9.6
 
Cash Surplus (Deficit) (16.8) (52.7) (52.7) (56.0) (29.1) (22.5) (9.6) (9.6) (9.6) (9.6)

Cumulative Cash Surplus (Deficit) (16.8) (69.5) 
(122.2) (179.2) (207.3) (229.8)(239.4) (249.0) (258.6) (268.2)
 



TABLE N". 98 COVERNMENT SOURCES AND USES OF FUNDS: ILAURITANIA 

(MILLION Li.,1981) 

1984 1985 1986 1987 1988 1989 1990 1991 1992 1983-2013 

KAEDI PERIMETERS 

SOURCES: Indirect Taxes 3.57 5.93 7.52 12.49 14.25 10.72 7.90 7.09 7.09 7.09 

USES: Extension Service .14 .36 .49 1.82 2.02 2.11 3.37 3.74 3.74 3.51 

Cash Surplus (Deficit) 3.43 5.57 7.03 10.67 12.23 8.61 4.53 3.35 3.35 3.58 

GOURAYE PERIMETERS 

SOURCES: Indirect Taxes 4.08 5.89 5.14 5.57 2.11 3.90 3.88 3.47 3.47 3.47 

USES: Extension Service .21 .48 .29 1.39 1.39 1.39 3.16 3.51 3.51 3.24 

Cash Surplus (Deficit) 3.87 5.41 4.85 4.18 0.72 2.51 0.72 (.04) (.04) 0.23 

ROADS 

SOURCES 

Indirect taxes - - - 14.90 16.30 9.40 -

USES 

Hai ntenance 
Cash surplus (Deficit) 

HEALTH 
SOURCES 

- - - 14.90 

-

16.30 

-

9.40 

-

-

1.40 

(1.40) 
1.40 
(1.40) 

1.40 

(1.40) 

Indirect taxes and value of FX .55 .50 .53 .58 .46 .39 .30 .30 .30 .30 

USES 

Salaries 
Office renovations 
Operating expenses 
Total uses 
Cash surplus (deficit) 

Total Cash Surplus (Deficit) 

Cumulative Surplus (Deficit) 

-
-
-

-
.55 

7.85 

7.85 

.68 

.06 
-

.74 
(.24) 

10.74 

18.59 

* .68 
.06 

-

.74 
(.21) 

11.67 

30.26 

.68 

.06 
-

.74 
(.16) 

29.59 

59.85 

.68 

.06 
-

.74 
(.28) 

28.97 

88.82 

.68 

.06 
-

.74 
(.35) 

20.17 

108.99 

.68 

.06 
3.42 
4.16 
(3.86) 

1.39 

110.38 

.68 

.06 
3.42 
4.16 
(3.86) 

(1.93) 

108.43 

.68 

.06 
3.42 
4.16 
(3.86) 

(1.95) 

106.48 

.68 

.06 
3.42 
4.16 

(3.86) 

(t-45) 

105.48 



AND USES OF FUNDS: SENEGAL0OVERNHENT SOURCESTABLE N. 99 
(MILLION CFA, 1981)
 

1984 1985 1986 1987 1988 1989" 1990 1991 1992 1993-2013 

PODOR PERIHETERS 

SOURCES 

Indirect Taxes 7.65 76.28 93.41 94.39 105.83 34.38 30.84 28.49 28.47 28.47 

USES 

Extension Services 
Cash Surplus (Deficit) 

3.35 
4.30 

9.95 
66.33 

15.04 
76.07 

17.34 
77.05 

17.70 
77.05 

17.70 
16.68 

15.01 
15.83 

15.01 
13.48 

15.01 
13.46 

15.01 
13.46 

BAKEL PERIMETERS 

SOURCES 

Direct Tax on gasoil 

Indirect Taxes 

1.45 

82.40 

4.18 

70.51 

6.23 

27.82 

6.24 

23.10 

6.24 

13.29 

6.24 

16.68 

6.24 

9.79 

6.24 

8.17 

6.24 

8.17 

6.24 

8.17 

USES 

Extension Service 
Cash Surplus (Deficit) 

HEALTH 

Indirect taxes 
Local staff 
Office space 
Operating costs 
Total uses 
Cash surplus (Deficit) 

Total Cash Surplus (Deficit) 

Cumulative Surplus (Deficit) 

5.05 
78.80 

5.5 
-
-

-
5.5 

88.60 

88.60 

9.49 
65.20 

4.8 
4.0 

4 
-

4.4 
4 

131.93 

220.53 

10.67 
23.38 

4.1 
4.0 

4 
-

4.4 
(.3) 

99.15 

319.68 

9.36 
10.98 

4.2 
4.0 
.4 
-

4.4 
(.2) 

87.83 

407.51 

9.71 
9.82 

7.6 
4.0 

4 
-

4.4 
3.2 

90.07 

497.58 

9.71 
13.21 

2.5 
4.0 

4 
-

4.4 
(19) 

27.99 

525.57 

10.05 
5.98 

1.5 
4.0 

4 
10.2 
14.6 

(13.1) 

8.71 

534.28 

10.05 
4.36 

1.5 
4.0 

4 
10.2 
14.6 

(13.1) 

4.74 

539.02 

10.05 
4.36 

1.5 
4.0 

4 
10.2 
14.6 

(13.1) 

4.74 

543.76 

7.37 
7.04 

1.5 
4.0 

4 
10.2 
14.6 

(13.1) 

7.40 

551.16 

ER 



TABLE N*. 100 
GOVERNMENT SOURCES AND USES OF FUNDS: MALI (MILLION FM) 

KAYES PERIHETERS 

1983 1984 1985 1986 1987 1988 1999 1990 1991 1992-2012 

SOURCES: 

Indirect Taxes 

USES 

Extension services 

Cash surplus (Deficit) 

20.80 

-

20.80 

39.60 

14.30 

25.30 

42.30 

14.30 

28.OC 

24.0 

14.3 

9.70 

102.0 

14.3 

87.70 

46.4 

14.3 

32.10 

37.3 

14.3 

23.0 

24.7 

18.3 

6.40 

24.7 

18.3 

6.40 

24.7 

18.3 

6.40 

lEALTH 

Sources 

Indirect Taxes 14.80 7.60 8.4 9.1 7.2 4.4 2.1 2.1 2.1 2.1 

USES 

Local Staff Salaries 
Office Space
Operating Costs 

Ot U s s-
Total Uses 
Cash Surplus (Deficit) 
Total Cash Surplus (Deficit) 
Cumulative Cash Surplus (Deficit) 

-
-
___7 

-
14.80 

35.60 
35.60 

7.90 
70 

8.60 
(1.0) 

24.30 
59.90 

7.90 
70 

8.60 
(.2) 

27.80 
87.70 

7.90 
70 

8.60 
.5 

10.20 
97.90 

7.90 
70 

-
8.60 

(1.4) 

86.30 
184.20 

7.90 
70 

-
8.60 
(4.20) 

27.90 
212.10 

7.90 
70 

07 

13.20 
21.80 
(19.70) 

3.30 
215.40 

7.90 
70 

13.20 
21.80 
(19.70) 

(13.30) 
202.10 

7.90 
70 
07 

13.20 
21.80 
(19.70) 

(13.30) 
188.8-

7.90 
70 

13.20 
21.80
(19.70) 

(13.30) 
175.50 

C 
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1.4.7. Economic Analysis
 

In this section, the internal rate of return is estimated for
 
each production zone and for road improvement, most of which will take
 
place in Mauritania. Economic benefits are taken directly from the
 
farm budgets multiplied times the number of farms participating in the
 
project each year and beyond for a total period of 30 years. The
 
justification for using projected farm gate, private market producer
 
prices of tradable grain crops as the equivalent of the economic value
 
of farm output based on world prices is given in Section 1.4.1.2.
 
Other crops, such as nigbi, and ill byproducts are valued at prevailing
 
market prices, reflecting their economic value to consumers and producers.
 
Tomatoes, used as a proxy for all vegetables, are valued at the price
 
currently being paid by the tomato paste canning factory in Senegal.
 
Fish pond net benefits of costs, estimated in Section 1.4.3., are added
 
to benefits from agriculture in each zone.
 

Economic costs are calculated by deducting indirect taxes from
 
project costs in each zone. All construction, extension service,
 
technical assistance, commodities, and operating costs, both during the
 
project life and afterwards for a total period of 30 years, are included.
 
This undoubtedly overstates costs in relation to benefits since some of
 
the technical assistance and accompanying operating costs will have a
 
developmental impact going beyond the immediate production benefits. The
 
same applies to OVSTM headquarterl operating costs supported by the
 
project, which ultimately should be spread over a much larger area of
 
cultivation. From this perspective, therefore, internal rates of return
 
are minimal in relation to returns that can be expected from similar
 
projects in the future when overhead staff per hectare of improved
 
cultivation should be reduced and expatriates will be replaced by local
 
personnel.
 

No adjustment is made to market wage rates to convert labor to its
 
economic value, or shadow price. Available information suggests that
 
the labor market within the production zones is well developed and
 
integrated, with few imperfections at lea.t as far as hired labor is
 
concerned. As discussed earlier, family labor may be willing to work
 
on-farm for a lower wage, though the standards of work for this type of
 
effort may be lower as well. In any case, labor times are defined as if
 
the tasks were to be performed by hired labor so the use of the market
 
wage applying to this type of labor is a consistent, if perhaps a maximum,
 
estimate of its shadow price.
 

Land is in most cases not valued since djri, or r:.infed land, is
 
freely available, and most irrigated perimeters are located on fonda land,
 
with its lighter soils that are not generally being used prior to the
 
construction of irrigated perimeters. The major exception is walo, or
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flood recession land. This land is shadow priced at its conventional
 
market rent, i.e., the value of one-half its harvest of flood recession
 
sorghum.
 

Water per se has been given a shadow price of zero. Its only
 
cost is that which occurs by pumping it from the river. At present

levels of utilization water scarcity due to pumping from the river does
 
not seem to be mich ,problem, and once the Manantali reservoir is
 
filled, water will 'st years be available in abundance. 

At Kayes, where investment in irrigation will consist of rehabili
tating existing perimeters, only incremental benefits and costs are
 
included in the analysis. These consist of the savings in pump operating 
costs that result from lining canals and the reduction of capital 
recovery costs of pumps because of the expansion of the area cultivated,
 
minus the costs c! rehabilitation.
 

No adjustment has been made for the difference between the shadow 
price of foreign exchange and the official exchange rate except in 
Mauritania. In Mali and Senegal, the recent depreciation of the French 
franc, to which the Malian and CFA trancs are tied, has considerably
devalued their currencies in terms of $ U.S., and even RDAs. Thus the
 
overvaluation by 15 or 20 percent that probably exited in 1980 no longer
applies. The exchange rate used throughout this analysis of $1 - 300 CFAF 
- 600 M' is a good approximation to the shadow prices of these currencies 
in terms of dollars, in which most project benefits and many of its costs 
are defined.
 

Mauritania, on the other hand, maintains exchange controls that
 
keep its currency somewhat overvalued in comparison with the CFA and 
Malian francs. In December 1981, the black market rate was 5 CFAF/UM
at the same time that the official rate was 5.6 CFAF/UM. A ten percent
overvaluation of the local currency, in fact, seems more or less normal.
 
The ratio of the shadow price of foreign exchange to the official
 
exchange rate is assumed, therefore, to be 1.1. In the economic analysis,

the tradable components of project benefits and costs are adjusted
 
accordingly.
 

Resulting economic costs and benefits are given in the following
tables for production components of the project in each project zone.
 
The economic costs and benefits of road construction are not included in 
these tables but are found at the end of Section 1.4.3. 
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The following internal rates of return are derived from the net
 
economic benefits for each zone:
 

Internal Rate of Return by Zone (%) 

Bakel 11.46 Gouraye 13.33
 
Podor 7.49 Kayes 9.64
 
Kaedi 11.94
 

These rates are relatively low, especially for Podor, and to a
 
lesser extent Kayes. The reasons for this are suggested in the table
 
below, which breaks down total project economic costs into its major 
components. 

The major reason for the low rate of return at Podor is that 
construction costs on this large perimeter are approximately $6,496
 
per net hectare of cultivable land developed for irrigation during
 
the project period. This may be compared with an average construction
 
cost of $3,507 per hectare oa the smaller perimeters.
 

Aside from construction, Podor remains an important part of
 
the project, however, because it represents a prototype irrigation
 
system, which combines large-scale cultivation and water
 
management at the groupement level. If the full potential for irrigation
 
in the Senegal River Basin is to be developed over the longer run, it
 
will have to be done with this type of scheme rather than by simply
 
expanding the number of small perimeters since most of the best locations
 
for these have already been developed.
 

Construction costs for the small perimeters are lowest at Gouraye
 
because the periLmeters being constructed there require very little
 
heavy earth moving equipment time (See table 104). At Bakel and Kaedi,
 
the most suitable lands for irrigated perimeters have already been
 
taken; hence most of the areas to be developed by the project will
 
require diking and leveling and therefore will cost more.
 

At Kayes, construction costs per hectare are also high since they
 
involve building retention dams for swamp cultivation that are not
 
required in the small perimeters irrigated by pump. Furthermore, this
 
investment permits only one crop to be grown each year in contrast to
 
the other perimeters where two crops are possible. Finally, there are
 
fairly high technical assistance costs associated with building up the
 
headquarters of OVSTM in Keyes. These costs should be considerably
 
reduced, per hectare of cultivable land, as more hectares are brought
 
into cultivation in the future. Total costs at Keyes are much lower
 
than elsewhere, however, due to low on-farm costs. These costs are
 
very low because the.Kayes perimeters will use gravity irrigation and
 
thus farmers there will not bear the heavy pump amortization, operation
 
and maintenance costs born by irrigated farms elsewhere.
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Rates of return for the other agricultural components are
 
acceptable, though not very high. The same is not true of feeder
 
road construction in Mauritania, which has an internal rate of return
 
of -6.40 percent. This is essentially because of the high cost of
 
construction and the relatively low volume of freight that will be 
transported over these roads. Additional benefits will be derived
 
because there will be access to villages that are now cut off during
 
the rainy season. These are difficult to value, however, and in any
 
case are not likely to be very great since river transport is an
 
alternative at this time of the year and most agricultural production
 
and inputs can be transported by truck during the dry season. 

The overall rate of return for the agricultural production
 
component of the project is 9.21 percent with the road component and 
10.6 percent without it. These relatively low rates of return are in
 
line with rates found in other agricultural projects in the Senegal
River Basin. The Gorgol Irrigation Project in Mauritania financed by 
the World Bank, for example, has a projected internal rate of return 
of 7.4 percent. Rates of return projected for projects involving 
rainfed agriculture in areas of higher rainfall are generally greater 
than this. The World Bank's Second Sedhiou Project in the Casamanca, 
for example, was projected to have a rate or return of 23 percent. 
Actual experience with many of these projects, however, has shown them 
to be much less successful than anticipated, with low rates of adoption 
by farmers of improved technology. 

In the future it is likely that economic rates of return for"
 
irrigated agriculture will increase. Private profitability to the farmer 
is already high in each project zone according to the calculations shown 
earlier. This is true despite the absence of subsidies on current inputs.
 
Moreover, recurrent costs to the government at the end of the project 
period are low. Aside from construction, the major costs borne by the
 
project, rather than by the farmer, are for technical assistance and 
related co-modities and operating expenses. As irrigation becomes more 
widespread and local personnel become trained to take over from
 
expatriates, these costs should decrease rather markedly. In addition,
 
costs of construction should also decline as the volume of construction
 
activity increases, resulting in greater competition and economies of
 
scale. This will also occur in the marketing and transportation sectors, 
decreasing the farm gate price of inputs and increasing that of outputs. 



TABLE No 101 ECONOMIC COSTS AND BENEFITS: SENEGAL
 

PODOR (Million CFA, 1981) 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993-2013 

COSTS 

Project Costs Net of Family Labor 
Post Project Recurrent Costs 
Post Project Farm Costs 
Family Labor 
Total Costs 

61.1 

61.1 

374.00 

45.6 
419.6 

515.10 

136.3 
651.4 

565.80 

151.5 
717.3 

584.30 

183.9 
768.2 

238.20 

210.6 
448.8 

210.10 

210.6 
420.7 

15.0 
200.6 

210.6 
426.20 

854.0 
200.6 
210.6 
1265.2 

15.0 
302.9 
318.0 
635.9 

BENEFITS 

Total Value of Farm Production 
Value of Rehabilitations 
Net Value of Fish Fonds 
Net Economic Benefits 

0.6 
(60.5) 

-
1.2 

(418.4) 

241.6 
-
1.8 

(408.0) 

333.4 
-
2.3 

(381.6) 

333.4 
-

2.9 
(431.9) 

526.5 
-

3.5 
81.20 

526.5 
-

4.1 
109.9 

526.5 
-

4.1 
104.4 

526.5 
-

4.1 
(734.7) 

919.6 
-
4.1 

287.8 

BAKEL 

COSTS 

Project Costs Net of Family Labor 
Project Recurrent Costs 
Post Project Farm Costs 
Family Labor 
Total Costs 

59.30 
508.13 

157.57 
572.74 

196.39 
351.66 

166.05 
310.96 

153.96 
307.14 

147.90 
314.70 

147.90 
280.68 

10.05 
125.85 
147.90 
283.80 

10.05 
124.85 
147.90 
283.80 

7.40 
125.85 
147.90 
281.15 

BENEFITS 

Total Value of Farm Production 
Value of Rehabilitations 
Net Value of Fish Ponds 
Net Economic Benefit 

78.54 
12.65 

59 
-416.35 

235.86 
12.65 
1.17 

-323.06 

341.30 
12.65 
2.34 
4.63 

342.87 
12.65 
2.92 
47.48 

344.44 
12.65 
3.51 

89.76 

345.23 
12.65 
4.09 

'84.01 

345.23 
12.65 
4.09 

81.29 

390.50 
12.65 
4.09 

123.44 

390.50 
12.65 
4.09 

123.44 

390.50 
12.65 
4.09 

126.09 



TABLE No. 102 ECONGHIC COSTS AND BENEFITS: HALI 

KAYES(Hillion FH) 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993-2013 

COSTS 

Project Costs Net of Family Labor 
Post Project Recurrent Costs 
Post Project Farm Costa 
Family Labor 
Total Costs 

177.2 

177.2 

311.6 

311.6 

398.3 

398.3 

1047.8 

54.1 
1101.9 

587.2 

192.5 
779.7 

324.1 

303.7 
627.8 

246.5 

206.7 
453.2 

18.3 
116.3 
206.7 
341.3 

18.3 
116.3 
206.7 
341.3 

18.3 
121.8 
206.7 
346.8 

BENEFITS 

Total Value of Farm Production 
Value of Rehabilitation 
Net Value of Fish Ponds 
Net Economic Benefit -177.2 

10.6 

-301.0 

10.6 
0.2 

-387.5 

10.6 
0.2 

-1091.1 

260.5 
10.6 
0.5 

-508.1 

521.0 
10.6 
0.5. 

-95.7 

651.9 
10.6 
0.7 

210.0 

651.9 
10.6 
0.7 

321.9 

651.9 
10.6 
0.7 

321.9 

711.1 
10.6 
0.7 

375.6 



TABLE No. 103 ECONOMIC COSTS AND BENEFITS: HAURITANIA 

GOURAYE (lillion UM, 1981) 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993-2013 

COSTS 

Project Costs Net of Family Lags 
Post Project Recurrent Costs 
Post Project Farm Costs 
Family Labor 
Total Costs 

62.00 

12.50 
74.50 

78.76 

15.60 
94.36 

90.74 

28.34 
119.08 

65.93 

37.63 
103.56 

54.31 

37.63 
91.94 

49.67 

37.63 
87.30 

44.13 

37.63 
81.76 

3.51 
42.17 
37.63 
83.31 

3.51 
42.17 
37.63 
83.31 

3.24 
42.17 
37.63 
83.04 

BENEFITS 

Total Value of Farm Production 
Value of Rehabilitations 
Net Value of Fish Ponds 
Net Economic Benefits 

15.89 
-
-

(58.61) 

42.02 
-
-

(52.34) 

68.75 
1.57 
0.02 

(49.46) 

99.61 
1.57 
0.05 
2.33 

99.61 
1.57 
07 

9.31 

99.61 
1.57 
09 

13.97 

99.6 
1.57 

14 
19.56 

117.38 
1.57 

14 
35.78 

117.38 
1.57 

14 
35.78 

117.38 
1.57 

14 
36.05 

KAEDI (Million UH, 1981) 

COSTS 

Project Costs Net of Family Labor 
Post Project Recurrents Costs 
Post Project Farm Costs 
Family Labor 
Total Costs 

70.01 

10.60 
80.61 

85.02 

12.64 
97.66 

90.69 

39.70 
130.39 

136.99 

60.33 
197.32 

137.06 

77.03 
214.09 

132.39 

82.12 
214.51 

72.02 

78.16 
150.24 

-
3.24 

66.96 
78.16 
148.86 

-
3.74 

66.96 
78.16 
148.86 

-
3.51 

66.96 
78.16 
148.63 

BENEFITS 

Total Value of Farm Production 
Value of Rehabilitations 
Net Value of Fish Ponds 
Net Economic Benefit 

18.23 
-
-

(62.38) 

49.39 
-
-

(48.27) 

81.49 
-
-

(48.90) 

127.68 
-
02 

(69.62) 

169.56 
-
05 

(44.48) 

189.83 
-
09 

(24.59) 

188.23 
-
14 

38.13 

188.23 
-

14 
39.51 

188.23 
-
14 

39.51 

208.72 
-
14 

60.23 

"4 



TABLE No. 104 PROJECT ECONOIIC COST SUMMARY 

On Farm Costs 

Cona ruct ion 


Extension Service 


Technical Assistance 


Comodities 

Operating Costa 


TOTAL 

Number of Irrigated Hectares (NET) 


Total Cost per Net Hectare ($ U.S.) 


Construction Cost per Net Hectare ($ U.S.) 


PODOR 


5.81 


5.08 


.32 


1.16 


.18 


.53 


13.08 


782 


16726 


6496 


(MILLION $ U.S.)
 

RAKEL 


.5.85 


1.96 


.21 


.86 


.19 


.54 


9.61 

496 


19375 


3952 


KAEDI 

14.33 


3.93 


.20 


1.38 


1.45 


.84 


22.13 


1035 


21382 


3797 


GARRAfE 

7.90 


1.86 


.16 


1.40 


'98 


.83 


13.13 


652 


20138 


2853 


KAYE 

1.94
 

2.57
 

.16
 

1.77
 

-54
 

.39
 

7.37
 

750
 

9827
 

3427
 

CA 
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1.4.8. Risk and Sensitivity Analysis
 

The economic analysis measures production benefits solely in terms of
 
the value of the average level of output likely to be achieved by the
 
project. Perhaps even more important to the farmers and to the governments
 
affected by the project is the reduction in risk associated with the shift
 
to irrigated cultivation. Coefficients of variation (standard deviation
 
divided by the mean) for sorghum and millet in areas ecologically similar
 
to the Senegal River Basin ranged from about 0.18 to 0.20 from 1964 to
 
1975 (1). Variation in later years was probably even greater. Variation
 
in net farm income after deduction for cash purchases and credit repayment,
 
which remain relatively constant despite the weather, is also greater than
 
fluctuations in yields. Net revenue variation in Matam has been estimated
 
at close to 50 percent for unimproved farms and 30 percent for those with
 
irrigation (2). The size of the irrigated plots, in this case, is much
 
less 	than that envisioned for the current project and thus the reduction
 
in income fluctuations is also less.
 

Appendix A.2. provides an analysis of the impact of the project on
 
farm income security. The analysis demonstrates that the project will have
 
a strong positive effect on farm security largely by raising the farmers
 
mean income. Quantifying this benefit suggest that the rate of return for
 
each project zone rises as follows:
 

Economic Rates of Return:
 

Excluding benefits Including benefits 
to security to security 

Kayes 9.64 19.20 
Bakel 11.46 18.87 
Podor 7.49 10.94 
Kadi 11.94 20.84 
Gouraye 13.33 22.47 

While these projections are somewhat speculative, they do illustrate
 
the extreme importance of the positive effect which the project will have
 
on the seturity of farm incomes in the valley.
 

(1) 	Center for Environmental Assessment Services, National Oceanic and
 
Atmospheric Administration and Atmospheric Science Department, University
 
of Missouri-Columbi, Weather-Crop Yields Relationships in Drought-Prone
 
Countries of Sub-Saharan Africa: Final Report, July 1979.
 

(2) Ahmet Hassan Tuluy, River Basin Development Alternatives: The Economics
 
of Small-Scale Irrigation Along the Senegal River, Ph.D. Dissertation,
 
Fletcher School or Law and Diplomacy, Tufts University, April 1980,
 
p. 231.
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Rates of return are also fairly sensitive to a decrease in benefits 
due, for example, to an overestimate of yields or of world grain prices.
 
A decrease in gross benefits of 10 percent results in an overall rate of
 
return of 6.08 (excluding roads). An increase in the implicit cost of family
 
labor of 10 percent, instead, decreases this rates to 8.94 percent. Delays
 
in benefits due to difficulties. in project implementation, on the other
 
hand, have relatively little effect on the rates of return because these
 
rates are already quite low. Furthermore, applying a shadow price to local
 
government expenditures has almost no effect on rates of return since these
 
expenditures are in every case less than 2 percent of total project costs
 
during the project life and never more than 8 percent of costs after the
 
project is completed.
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1.4.9. Impact of Project on the Economies of the Member States
 

Given the very tenuous macroeconomic situation that exists in each of
 
the OMVS member countries, as described earlier, the project has been
 
carefully designed to have as beneficial an effect as possible on the
 
economies of these states. Recurrent costs have been kept low by reducing

the role of the extension service after the project is completed and by
 
providing mechanisms for involving the private sector in marketing,
 
processing, input delivery, and repair services. In addition, the only

subsidies will be on capital invested at the time each perimeter is
 
constructed so that there will be no recurrent subsidy requirements.
 

On the positive side, the project will contribute increased tax
 
revenue both from processing and transporting inputs and from the goods

and services purchased by farmers with their increased income. In addition,
 
the project will result in the following net savings in foreign exchange.
 

Net Foreign Exchange Saved, 1983-2012
 

Mali Mauritania Senegal 
(million MF) (million UM) (million CFAF) 

Gross Foreign Exchange 
Savings a 16,957 8,486 32,017 

Foreign Exchange Costsb 3,281 1,848 5,749 

Net Foreign Exchange 13,676 6,638 26,268 
Savings 

Notes:
 

a. Total Value of Farm Production from the tables of Economic Costs and
 
Benefits (Section 1.4.8.). Most of this value consists of tradable
 
products and can thus be considered as a saving in foreign exchange. A
 
small part of this value consists of nontradables produced on the farm and
 
used in transporting imported cereals to the producing area. Thus Gross
 
Foreign Exchange Savings are slightly overestimated, though the extent
 
of this error is relatively minor.
 

b. The tradable component of total project costs derived from
 
Section 1.4.6.1. and adjusted to include the tradable component of post
project costs until the year 2012.
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The project will directly benefit over 37,000 people on close to
 
5,000 farms, providing them with higher and more stable income and food
 
supplies. It will, in addition, furnish a secure source of supply of
 
cereals for an additional 84,00Q urban dwellers (1). It is also expected

to have a considerable indirect positive effect on rainfea agriculture in
 
the project zones through technical improvements which will be promoted

in the dryland farming activities of project farmers. (Appendix A.2.
 
examines this effect in detail).
 

Of far greater importance, the project will provide essential data
 
and experience for the extension of irrigation in the Senegal River Basin
 
on a 
much broader scale in the future (See Appendix A.3). Major innovations
 
will be made through private sector involvement, small-scale processing,

participation of farmers in management decisions, integrating small-scale
 
water management into large-scale perimeters, introduction of animal
 
traction, integrating livestock and rainfed and irrigated cultivation into
 
mixed farming systems, and numerous other ways. These innovations will be
 
carefully monitored and evaluated using baseline and farm-household surveys
 
as well as a system of continuous monitoring. The data collected will be
 
an important input into the OMVS Agricultural Research Project, which will
 
be used to try to solve the technical problems encountered. By the end of
 
the project period, the base of knowledge of how to proceed with the develop
ment of irrigation in the basin will be considerably enhanced.
 

In addition, the capacity of OMVS will be strengthened to take the
 
lead in coordinating planning and instituting policy reform designed to
 
promote greater regional integiation. A major focus for this will be the
 
preparation of a Long Range Development Plan for the upper valley. This
 
will identify the optimum scenario for development of the upper valley and

will prepare a series of projects to feasibility level for the implementation

of that plan. The 'planwill also identify and analyse major policy

constraints inhibiting rational and efficient development of the basin and
 
propose ways in which these constraints might be removed. This could have
 
a major beneficial impact on the economies of the member states, though

the magnitude of those benefits is impossible to measure at this time.
 

(1) This is estimated on the basis of consumption surveys that suggest that
 
the urban population in the area annually consumes on average

103 kilograms of cereals per capita. Other data indicate that farmers
 
and their families consume about 150 kilograms per person, which out
 
of a total production for the project in 1989 of 18,600 tons leaves
 
8,700 tons available for off-farm consumption.
 



API'ENujIX 

The following section examines a number of effects of the IDP which
 
will contribute significant real economic benefits to the people of the
 
Senegal River Basin, but whose impacts are indirect, diffuse or hard to
 
measure. These effects may be divided into three types:
 

1) 	The impact of project interventions on the productivity of
 
traditional rainfed production by farmer participating in the
 
project.
 

2) 	The impact of irrigated production on the security of farm
 
incomes.
 

3) 	The developmental role of the project interventions, including
 
innovations in the physical design, organization and management
 
of irrigated perimeters, research into technical and socio
economic issues of further SRB developments, monitoring effects
 
of the project on health in the SRB, and promoting private
 
sector activities in the supply and service of the agricultural
 
sector in the SKB.
 

While these issues were discussed in the preceeding economic and
 
financial analysis, no attempt was made to incorporate them into the
 
economic analysis because of the difficulty and inaccuracy of such an
 
exercise. This section examines the effects of these issues more closely,
 
and where possible, estimates the effects on project net benefits and
 
the return to the project investment.
 

A.1. The Impact on Kainfed Agriculture
 

The project is expected to have a significant positive impact on
 
the productivity of traditional rainfed dryland (gj.ri) cultivation
 
among farmers involved in the irrigated production component of the
 
project. The mandate of the RDA extension agents in each of the OMVS
 
countries reaches beyond irrigation to all forms of agricultural pro
duction in the valley. While this role has not been important in any
 
of the RDA activities in the past, under the LuP project, these agents
 
will be encouraged to assume a more active role in providing advice
 
and assistance to dryland farmers. Specifically, the introduction ot
 
new crop varieties, new cultivation methods and new inputs will be
 
promoted by the project for dryland crop activities.
 

The technical pacKage for these activities has not yet been
 
identified, but will be defined by the agronomist and extension training
 
specialist in each zone during the first year of their tenure with
 
the project.
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Because of this lack of definition, it is difficult to predict the
 
impact of these interventions. however, an order of magnitude estimate
 
of their effect on the economics of the project can be made in light

of research which has already been conducted on traditional production
 
systems and of previous efforts to improve these systems.
 

A. 1.1. New crop Varieties
 

One of the important ixpected outcomes of the Ii)P will be to
 
introduce new crop varieties :o 
farmers in the project. While varieties
 
used in irrigation will not be applicable to dryland farming, dryland
 
varieties are expected to be extended through the local RDA extension
 
services in conjunction with research now being conducted by ISRA in
 
Senegal, the Guidimaka Integrated Rural Development project in Mauritania,
 
and the 5amd agronomic research station in the first region of Mali.
 

Dryland crop trials have shown dramatic improvements in yields
 
in tests run by ISRA for crops grown traditionally in the Senegal River
 
Basin. Table A.1 shows average yield increases for the most promising

varieties of sorghum, corn, and millet. 
These yields are dramatically

higher than current yields being obtained in the Senegal River Valley.
 

Average yields in the Valley are given below:
 

Yield Before Yield After 

Crop Threshing Threshing ) 
( : (kg/ha) (Kg/ha) )( :: ) 

: : ) 
(( SORGHUM : 650 :: 450 )) 
( . 

(CORN 650 500 ) 

CM.LLLT 650 - 850 500 - 600 ) 

Yields in the valley vary greatly with rainfall, yet they are
 
clearly well below those obtainable using new crop varieties. Wnile
 
it may be expected that the new variety yields would fall considerably
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TABLE A 1 - Dryland Crop Trial Results (ISRA) 

CROPS VARIETIES 
Yield 
BeforeBfr 

Threshing 

(kg/ha) 

Yield 
Afterfe 

Threshing 

(kg/ha) 

SSl 2934 2020 

SS2 3490 2400 

0 
SS3 

SS4 

3766 

3228 

2816 

2096 

W 
0 

Comp. C. 70 

BDS 

A10 x B10 

H24-38 

2404 

4064 

3708 

2474 

1944 

2864 

2848 

2200 

H4-24 2930 1868 

H7-66 

Souna III 

2196 

2522 

.1344 

1548 

H9-127 3188 2000 

8001 3460 2416 

8004 3444 2474 

"Fall, Mankeur, avec la collaboration de Demba Sow et Aliou Thiaw
 

"Rapport d'Activiti 1981-82 R.P.A.A. SAFGRAD Senegal" (ISRA, June 1982)
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under on-farm conditions, it appears that they would still yield subs
tantial gain in productivity. if, for example, a 50 percent drop in
 
productivity for new varieties in on-farm production is assumed ,
 
one would still see the following increases in yields over current
 
levels:
 

( CRO= =P :VARIETY: : YIELDSC : VR YINCREASE Im 
* (%) ) 

( :SS1 : 224 ) 
27
SORGHUM : SS2 


( : SS3 : 313 )
( : SS4 233 ) 

: : )( : ) 
: Comp. C. 70 194 )

( CORN : BUS 286 )
S: AI0 x BIU 284 

( : ) 

( : 24 -38 200 ) 
: H4 -24 170 )

( : H7 -66 : 122 ) 
( MILLET : Souna 1II : 281 )
S: H9 - 127 : 182 ) 
C: 8001 : 220 )
( : 8004 : 225 ) 

These yield increases may seam remarkaole, but are not unusual
 
based on experiences in dryland farm improvement projects in the Sahel.
 
che Guidimaka integrated Rural Development Project, located in Mauritania
 
just north of tne Bakel-Gouraye zones of the TL)P project, achieved
 
similar results in on-farm trials for =ew crop varieties. While averhgL

rainfed cereal yields for the Guidimaka region were reportedly 380 t ha,

on-farm results for nine new seed varieties produced average yields of
 
2300 kg/hectare, an increase of 397 percent. In both these trials and
 
the ISRA trials, however, the introduction of new see varieties was
 
accompanied by improvements in cultivation techniques. Ihe next uecticn
 
examines the impact of these techniques.
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New Cultivation Techniques
 

soil tillage,traditionallypracticed on dryland in the Senegal River
 
Basin is generally very superficial (2 - 5 cm). In west Africa, tests
 
have shown that deeper plowing using animal traction techniques has had
 
an important positive impact o% growth avd yield ot crop due to its
 
effect on rootpatterns, water regime, aznd nitrogen dynamicskl).

Table A2 provides data collected by Cnarreau and Nicou on the effects
 
of plowing on yields for dryland crops.
 

The table suggests that the impact of plowing on yields is clearly
 
significant and substantial. Kesults of the Guidimaka project which
 
obtained yield increases of about 15 percent as a result ot only plowing
 
using animal traction, corroborate this conclusion.
 

The GuidimaKa project also introduced other improvements in culti
vation practices, including seed treatment, early thinning, and more
 
intensive weeding. The combined effect of these improvements and the
 
use of animal traction increased yields by an average of 50 percent on
 
±arms participating in the project.
 

Because the Guidimaka project is located just to the north of the Bakel-

Gouraye project zone, it seems reasonable to assume that the ID project

will experience similar success in increasing agricultural productivity,
 
especially given that the benefits of the research underway in Guidimaka
 
will be available for use i.n the IIJP.
 

The tconomc and Financial Analysis calculates the benefits to the
 
project under assumptions of no improvement in traditional crop product
ion other than a 10 percent increase in yields on dryland as a result
 
of animal traction plowing. The yields assumed were as follows, with
 
rainfed millet yields varying by region according to rainfall.
 

Flood recession Manual rainfed Animal traction
 
Sorghum (Walo) Millet (dieri) rainfed millet
 

(Kg/na) kkg/ha) (djri)kg/ha
 

Ka~di, Podor 450 400 440
 

Gouraye, Bakel : 450 .500 550
 

Kayes - 600 600 
*: 



Table A.2. 
 Mean effects of plowing on yields of crops in the
West African dry tropical area. (IRAT experiments;
soil surface layers, sandy to 
coarse loamy) . 1952/1969
 

r Vegetation removed before plowing 
 Vegetation incorporated by plowing
 
:Number of experimental: 
 Yield 
 Increase: Number of exierimental 
 Yield Increase
 

observations on unplowed: observations
from 
 *on unplowed: from
 
:Total :ficial : % : kg/ha "K/h ;-"
controls _2oin Total: ee : controlsg/ha_ * plowing.Bene- :: * 

: B e n e 
erl 22 : 21 

* :Kg/ha 7 : • ficial : % kg/ha :kg/ a..
Pearl : :: : : : : .
22 " 21 ' 95 • 1,245 •+256 +21: 5 " 
: :
 

4 :5 
 +3

Millet: 
 (g a n : 2 : . :256:24:" . 80 . : 971 :+365 ::
 
(grain): : : : : : : 

.
 
: : 

Sorghum:
(grain)::::: 1,874
46: : : " +536:+29
Sogu: 4 : : 85 : 
: .:::2 : 2 : 100 ::+4:4532 : : : : : :2,039
Maize(grain): 6 : 6 :"100100: : 2,093 :+568 +27: 12 :" 10 : 883 :" 1,474 [+970 ::+61
(gan)...: 
 2,9 : 6:4~ 12 : 10:: 

Rainfed: : : 1,4 4 :
 
rice 11 100 966 :41,515* 157:(paddy): : 

11 
: 

:: : : : 1 : 1 :: 100 : 1,547 :+705 :+z: 

Cotton: 7 7 100 : 1: +433+27: 12 10 : 83 1,240 +423 +3(grain): : : . ,629 : 
 :4 : : : 83 : 
. * :'ound-: * 

S * • .S 


aut : 31 : 27 : 87 : 1,412 : +274.+19: 113 
 : 81 : 71 : 1,661 :+119 : +7

(pods) : : : : : : :
: : 


Source: C. Charreau and R. Nicou (1971)
 

Source: Charreau C. and R. Nicou 1971 "l'amdlioration du profil cultural dans

les sols sableux et sablo-argileux de la zone tropicale siche Ouest Africaine
 
et ses incidences agronomiques".
 

L'Agriculture Tropical Vol 26 (2): 209-255; (5): 565-631; (9): 
903-978;

(11): 1184-1247.
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For the purpose of assessing the additional benefits to rainfed
 
agriculture as a result of the project, we have made the foilowing
 
assumptions:
 

- An increase of 50 percent in yields will result from the intro
duction of new techniques for farms using animal traction. 

- An increase of 30 percent in yields will result from the intro
duction of new techniques for manual farms. 

- An additional increase in yields of 50 percent for all farms 
using new seed varieties. 

For the purpose of calculating the additional benefits accruing
 
to the project due tc the yield increase given above, it is necessary
 
to substract out the additional cost required to produce these improve
ments.
 

The following assumptions are made for this purpose:
 

1) Seed costs are expected to increase by 3U CFAF for new seed
 
varieties and to account for costs of seed treatment.
 

2) The use of fertilizers and chemicals is not expected to increase
 
under the improved techniques.
 

J) Labor times are expected to increase on manually cultivated
 
fields due to the introduction of more intensive thinning and weeding;
 
during the harvest, threshing and transport activities should increase
 
due to the higher output. Labor times in animal traction farms are
 
expected to rise only for the thining, harvesting, threshing and
 
transport functions. Assuming a monetary value of 50u CFAF, the cost
 
of additional labor for the improved rainfed farm is 55u0 CYAF per
 
hectare for manual farms and 4U00 UFAF per hectare for animal traction
 
farms.
 

Manual Farm Animal Traction farm
 

(md/na) (md/ha)
 

Thirxing + 3 days + 3 days 
Weeding + 3 days 
Harvest, Threshing ' 4 days r 4 days 
Transport 11 day + I day 

11 days 8 days
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4) Cost of animal care ::rId animal traction equipment have already 
been accounted for in the animal traction farm models.
 

Given the above assumptions, Table A.3. shows the impact of the
 
improvements in rainfed cultivation on the economic benefits of the
 
project. The notes to the table provide calculations of these benefits
 
for each of the farm models, by zone.
 

The contribution to the project net benefits of the additional
 
benefits to rainfed agriculture in each of the affected project zones
 
is important. The further up river one goes, the greater the impact and
 
importance of rainfed agriculture, due to higher rainfall. The economic
 
internal rates of return rise significantly, reflecting the importance 
of this impact.
 

Economic Rates of Return
 

Excluding Benefits Including Benefits
 
to Rainfed to Rainfed 

Kayes 9.64 12.36 
Bakel 11.46 15.09
 

Podor 7.49 -


Gouraye 13.33 17.44
 

Kadi 11.94 14.41
 

The estimates given above for additional net benefits accruing
 
to rainfed agriculture as a result of the IDP should be considered as 
conservative in so far as they do not account for the spread of these 
benefits to farmers in the project zones who are not participants in 
the project irrigated perimeters. 



TABLE A.3 

- ECONOMIC RATES OF RETURN ADJUSTED FOR Ai:TIONAL BENEFITS TO RAINFED AGRICULTURE -

KAYES (million HF) 1984 1985 1986 1987 198& 1980 1990 1991 1992 
Net Economic Benefit (before adjust- 177.2 -301.0 -387.5 -1091.1 -508.1 -95.7 210.0 321.9 321.9 17S 

ment) 
Benefits to rainfed agriculture 40.6 81.3 98.8 98.8 98.3 93 a 
Adjusted Net Economic Benefit - 177.2 -301.0 -387.5 -1091.1 -467.5 -14.4 308.8 420.7 420.7 4Y,. 
Internal Rate of Return 12.36 

BAKEL ('illlon CFA) 
Net Economic Benefit (before adjust- -416.35 -323.06 4.63 47.48 89.76 84.01 81.29 123.44 123.44 1.1.0 
men t) 
Benefits to ralnfed agriculture 9.83 27.37 36.28 32.20 28.13 26.09 26.09 26.09 26.09 26.09 
Adjusted Net Economic Benefit -406.52 -295.69 40.91 79.68 117.89 110.10 107.38 149.53 149.53 I$2.19 
Internal Rate of Return 15.09 

GOURAYE (million UH)
Net Economic Benefit (before Adjustment) -58.61 -52.34 -49.46 2.33 9.31 13.97 19.56 35.78 35.78 36.05 

Benefits to raLnfed agriculture 1,61 3.48 6.06 9.25 9.25 9.25 9.25 9.25 9.25 9.2s 
Adjusted Net Economic Benefit -57.00 -48.86 -43.40 11.58 18.56 13.22 28.81 45.03 45.03 45.30 
Internal Rate of Return 17.44 

D0I (million UN) 
Net Economic 

ment) 

Benefit (before adjust- -62.38 -48.27 -48.90 -69.62 -44.48 -24.59 38.13 39.51 39.51 60.23 

Benefits to rainfed agriculture 1.00 1.93 3.48 6.30 8.80 9.51 8.51 8.51 8.51 8.51 
Adjusted Net Economic Benefit - 61.38 - 46.34 -45.42 - 63.32 -35.68 -15.08 46.64 48.02 48.02 68.74 
Internal Rate of Return 14.4.1 
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Notes to Table A.3.
 

1. Net Economic Benefit (before adjustment) in taken from the Economic 
Costs and Benefits Tables No. 101-103. pp 165-167 of the Economic Analysis.: 

2. Benefits to rainfed agriculture are based on the values calculated
 
below per farm type, multiplied by the number of each farm type in each zone.
 

KAYES: Manual (swamp) 

Yield increase 600 kg/ha x 18% 1080 kg/ha
 
600 kg/ha
 
480 kg/ha x 193.4 FM/kg
 

Total additional revenue - 66,910 FM/ha
 

Additional costs
 

Seed 15 kg x 60 FM/kg - 900
 
Labor 11 man-days/ha z 750 FM/man-day - 8,250
 

Total additional costs - 9,150 FM/ha 
Net benefit per hectar - 57,760 FM/ha 

Net annual benefit per manual farm: 2.5 ha z 57,760 FM/ha- .44,400 FM/ha.
 

Animal Traction
 

Yield increase 600 kg/ha x 200% 1,200 kg/ha

600 k /ha 
540 kg/ha x 139.4 FM/kg 

Total additional revenue 75,280 FM/ha. 

Additional Costs 

Seed 15 kg/ha x 60 FM/kg 900 FM/ba
Labor 8 man/day/ha x 750 FM/man/day 6,000 FM/ha 

Total additional costs - 6,900 FM/ha. 

Net annual benefit 68,300 FM/ha 

Net annual benefit per animal traction farm: 

2.0 ha x 68,380 FM/ha - 136,760 FM/ha. 



bakel: Manual
 

Yield increase 500 g/ha x 180Z 
 900 kg/ha
 
- ,oo 

400 kg/ha x 68.3 CFA/Ka
 
Total additional revenue 
 27320 CFA/na
 

Additional Cost
 

Seed 15 kgiha x 30 UFA 
 450 uFA
 
Labor 11 man/day/ha x bOO CFA/man/day 5500 CFA
 

Total additional costs 
 5950 CFA/na
 

Net annual benefit 
 21310 CFA/na 

Net annual benefit per manual farm:
 

2 ha x 21370 ,-/ha 42740 CIA/Farm
 

Animal Traction
 

Yield increase 500 kg/ha x Z00Z 1000 kg/ha 
- 550 kg/ha 

450 kg/ha x 6a.3 cIA/kgTotal additional Revenue 
 30/35 cfa/ha
 

Additional costs
 

ieed 15 kg/ha x 3U CFA 
 450 CFA/ha

labor 8 man/ha x 5U0 CFA/man/day 4000
 

Total.addltional costs 
 4450 CFA/ha

Net annual benefit 
 26285 CPA/ha
 



- 12 -

Net annual benefit per animal traction farm 

1 ha x 26265 um/ha - 2b28. CFA/Farm. 

Gouraye: Manual 

Yield increase (5u0 kg/ha x la0%) 900 kg/ha 
500 Kg/na 

Total additional revenue 
400 kglha x 17u m/Kg 
6800 um/ha 

Additional costs 

seed 15 kg/ha x 6 um/kg 
labor 11 man/day/ha x Lu um/man/day 

90 um/Kg 
1100 um/ha 

Total additional cost 
Net annual benefit 

1190 um/ha - L19U um/ha 
5610 um/ha 

Net annual benefit per manual farm 

2 ha x 5b10 um/ha - 1122u um/farm 

Animal Traction 

Yield increase ()00 Kg/ha x Z00X 1OuO kg 
55u 

Total additional revenue 
450 kg/ha x l.0 um/kg 

7630 um/ha 

Additional Costs 

seed 1: kg/ha x 6 um/kg 
labor 8 man/day/ha x IUO um/man/cay 

iotal annual benefit 

Net annual benefit 

Net annual benefit per animal traction farm 

I ha x 6160 um/ha 

90 um/ha 
800 um/na 

890 um/ha 

6760 um/ha 

b750 um/na 
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A.2. Impact on the Security of Farm Incomes
 

An important but elusive benefit of irrigated agriculture promoted

by the IDP will be to improve the security of the incomes of farmers
 
participating in the project. Fluctuations in farmer income make it
 
difficult for him to plan his activities and impose additional costs on
 
him during periods of production shortfall. For fa-mers living close to
 
the subsistence level, these costs are especially high, as even a slight

drop in income will have severe or even fatal consequences to the farmer
 
and his famxily.
 

The traditional farmer in Senegal River Valley faces drastic
 
variations in farm output and income due to fluctuating environmental
 
factors, primarily rainfall and river flood levels. Rainfall in the
 
Senegal River Valley varies inversely with latitude. The average annual
 
rainfall at Kayes is about 790 mm, 710 at Bakel and Gouraye, 410 mm at
 
Kaedi and 340 mm furthest north at Podor. Moreover, inter-annual
 
variations in rainfall are very high in the valley, and this variation
 
also rises as one goes north along down the river. (See Table A.4.).
 

Intra-annual variations in rainfall intensity, duration, and
 
spacing are also large in the valley, as are other climate variables
 
affecting evapotransporation, such as windspeed and cloud covering.
 

These variables all serve to cause strong fluctuations in the yields

in the valley. The data in Table A.6. show the flucturations in rainfall
 
and yields for the Diourbel-Louga region. The rainfall average in this
 
region of 491 mm and the dryland millet yield average of 422 kg/hectare
 
are similar to the averages in the valley at Matam of 491 mm and 450 kg
 
per hectare. The range of variation in yield above is from 227 per

hectare to 697 per hectare. These wide fluctuations translate into a
 
similar variation in dryland farm incomes (see Table A.8. for simulated
 
income stream from dryland).
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KAEDI: Manual 

Yield increases 430 x 180Z 

Total additional revenue 


Additional costs
 

seed 15 kg x 6 um/kg 
labor 11 man/day/ha x lu urman/day 

Total additional costs 

Net annual benefit 

Net annual benefit per manual farm 

I ha z 464U um/ha 

810 kg
 
- 450 

360 Kg/ha x 16.z um/kg 
5832 um/ha 

90
 
1100
 

1190 urn/ha 

4640 um/ha
 

4640 um/farm. 



Table A.4. 
 COMPARISON OF RAINFALL AND RAINFALL VARIATIONS IN THE
 
SENEGAL RIVER VALLEY
 

Aleg Podor Kaedi Matam Selibabi Kayes 

N (mm) 264 336 410 537 649 789 
Mx (mm) -544 793 762 1.112 13110 1,127 

Mx/N (%) 206 217 186 207 171 143 

Mn (mm) 89 98 205 255 350 494 

Mn/N(%) 34 29 50 47 54 63 

Mx/mn 6.1 8.0 3.7 4.3 3.1 2.3 

Coefficient of veriation 41.2 39.2 27.9 29.4 25.4 20.2 

N - Average for 1931-1960 
Mx = Maximum annual rainfall during the period 
Mn = Minimum annual rainfall during the period 
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Table A. 5. 

RAINFALL AND MILLET YIELDS IN THE DIOURBEL/LOUGA 
REGION OF SENEGAL, 1960-1980 (1). 

Year Rainfall Yield Year Rainfall YieldYear)(kg/ha) (mm) (kg/ha) 

1960 -	 1970294 405 226
 

1961 - 431 1971 473 530
 

1962 568 346 1972 304 218
 

1963 499 421 1973 301 475
 

1964 636 448 1974 464 
 584
 

1965 544 404 1975 457 513
 

1966 629 209 1976 
 462 592
 

1967 730 1977
527 331 360
 

1968 341 307 1978 633 697
 

1969 705 497 1979 
 520 412
 

1980 329
 

(1) 	Data from Bilan Circulaire dans le Bassin Arachidier depuis 1960
 
et perspectives d'Annees 1980, SODEVA 1982.
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Yields from flood recession agriculture fluctuate less, as tnis
activity does not rely 
 on the rains. Rather, recession crops draw
moisture from the damp ground left after the annual river floods recede.
tiowever, flood characteristics introduce a great degree of variation to
this form of agriculture. Most importantly, the flood height and duration determine the amount of land suitable for flood recession cultivation each year. 
Table A.7 show estimates of the fluctuation ir flooded
 areas and areas under recession cultivation.
 

The annual fluctuation in income from flood recession will depend
largely upon where farmers tields-
 are located with respect to innundated
(walo) areas. 
Those with fields in the low walo may expect to be wellflooded most years and therefore, will obtain relatively constant yields.
For farmers on the periphery of tne walo, conditions and therefore,
yields will be much more variable. While tarmers try to diversify theirwalo holdings to include some well flooded land, the relative scarcity
of this land, as well as the hereditary nature of these holdings causegood walo land to be unevenly distributed among farmers, leaving many withonly marginal recession land or none at all. The availability of waloyields will vary inversely witn the number of consecutive years theyare cultivated, due to soil depletion. As this factor is well known tothe farmer, however, it is not considered to contribute to risk. Another
major factor causing yield variations on both rainfed and recession land
is the pest problem. Dryland fields are especially prone to destructionby grasshoppers and stem and shootbores, and trips on neibe, while
recession yields are attacked by birds in the cold dry seasons. 
 In both
cases, as muLh as IOU percent of a crop may be wiped out in some years.
 

Agricultural production on irrigated fields in the valley tluctuatesless from climatic factors since pump irrigation allows adjustments forchanges in rainfall. Incomes vary somewnat with rainfall, however, as 



Table A..6. AREA INUNDATED AND AMOUNT OF LAND UNDER RECESSION CULTIVATION*
 
IN THE SENEGAL RIVER BASIN.
 

Total Hectares Total Hectares
 
Year Inundated Recession Cultivation
 

1944 


1946 

1947 


1950 

1951 

1952 
1953 

1954 

1955 

1956 

1957 

1960
 
1961 


1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 


1972 

1973 


1976 

1977 

1978 

1979 


* Information compiled from: 

300,000
 

675,000 

80,000 


800,000 

130,000 


-

-

-

-

-


230,000 


-

766,000 

123,000 

117,000 

140,000 

86,000 

95,000 


393,000 


219,300 


-

350,000
 
80,000
 

119,000
 
130,000
 
98,000
 
88,000
 
131,000
 
101,000
 
142,000
 
180,000
 

78,000
 

94,000
 
245,000
 
123,000
 
117,000
 
140,000
 
86,000
 
95,000
 

110,100
 

15,000
 
87,200
 

32,600
 
29,000
 
15,000
 
55,000
 

O.M.V.S. "Assessment of Environmental Effects of Proposed Development
 
in the Senegal River Basin: Partial Report for Agricultural Development",
 
prepared by Gannett Fleming, 1979, page C.3.3. and
 
OMVS Socioeconomic Study of the Senegal River Basin. Part A, p. 53.
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pump operating costs rise in periods o rainfall shortage. Lhis fluc
tuation may be as much as 4U00 CFAF per hectare during the rainy season.
 

Irrigated crops are as susceptible to insect and pest attack
 
as traditional crops. However, the introduction of pesticides and
 
insecticides as part of irrigation technology may be sufficient to control
 
these problems.
 

Irrigated agriculture may also suffer yield and area fluctuations
 
due to interruption in input supplies kespecially diesel oil and ferti
lizer) or pump breakdowns. rhese problems have been considerable in the
 
past, but are expected to become less significant as agricultural
 
supply and service infrastructure improves in the valley.
 

Irrigated agriculture is expected to improve overall farmer security
 
significantly. First of all,it should raise income levels dramatically,
 
making farmers less sensitive to the effects of income fluctuations and
 
therefore lowering the value they place on income security. secondly,
 
irrigation will offer an alternative production technology that diversi
fies the sources of farm income and thus reduces farmer dependence un
 
weather conditions. To examine the impact of these effects accurately,
 
however, a means of measuring farm security must be defined.
 

The following section provides a theoretical framework for defining
 
improved security and specifies parameters tor expressing that value
 
in terms of net farm income. Alternative ways of measuring these para
meters are then explored and some empirical results are presented.
 
The concluding section suggests a range ot values in the economic sen
sitivity analysis, and outlines the specific methodology employed.
 

Theoretical Framework
 

When the farmer allocates his scarce land, labor, and other
 
resources to a particular agricultural activity, he does so with
 
the knowledge that he cannot perfectly predict the outcome. Instead, he
 
is confronred with a number of different possible states of the world
 
ke.g., rain or no rain) in the face of each possible activity plan
 
ke.g., fertilizer or no fertilizer). The farmer attaches a subjective
 
probability to each possible state, resulting in a payoff matrix such
 
as the following:(1).
 

(1) This example and much of the discussion that follows is taken from
 
P.R.G. Layard and A.A. Walters, Microeconomic Theory, New York: McGraw-Hill,
 
1978, pp. 352-6.
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Farmer's Net Income
 

State of the World
 

Plan 
1 

Rain 
2 

No Rain 
A Fertilizer 
B No Fertilizer 

50 
30 

10 
20 

(Probability) (.5) (.5) 

The expected value of each activity plan is the average income that
would be expected if the plan were repeated an infinite number of times.

It is equal to the probability of each state of the world multiplied by
the resulting net income totaled for all states. 
 If Plan A is chosen,

the expected value of income (y)is given by
 

1 Al 2 A2
 

(.5)50 + (.5)10 - 30,
 

where P and P are the probabilities associated with the two states of
 
1 2
 

the world. 
On the other hand, if Plan B is chosen, the expected value
 
of income is
 

E (y B) P y + P y
 
1 B1 2 B2
 

- (.5)30 + (.5)20 - 25. 

If the farmer is neutral in his attitude towards risk, he will choose

Plan A, as this plan will generally yield him the higher income. 
If he is
 averse to taking risk, however, he might choose Plan B, despite its lower
expected value of income, because this plan assures him a return of at least

20 units. 
 In this case, he places a value on the greater security offered
by Plan B. A cost-benefit analysis should include the value of this security

benefit.
 

The value the individual farmer attaches to 
increased security of
income depends on his welfare or utility function. Assuming that the

farmer is risk averse, this is likely to take the general shape of u(y) in

Figure 1, that is to be concave from below. 
The degree of risk aversion
 
can be measured in Figure 1 by the difference between expected utility (u)

associated with the risky proposition,
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Figure 1 

u(y)
Utility (u) 


E Cu A
 

I I 

YAI YX y YA2 Income (y) 
E(uIA) - P1 u(YAi) + P2 u (YA2) 

and the expected utility associated its certainty equivalent,
 

ECulj) - u(j) - u(P y + P y ). 
1Al 2 A2 

Alternatively, we can define the cost of risk (C) in Figure i as the
 
difference between the expected value of a risky prospect (M) and the
 
certainty-equivalent income (y*) that would yield the same level of
 
utility to the farmer. More generally,
 

n
 
u (y - C) p u (y),


i i
 
i-i
 

where there are n possible states of the.world.
 

For small variations in income, it can be shown that

l


U
 f
 

C-V - var (y), 
2u'
 

where u' and u" are the first and second derivatives of utility with
 
respect to income, and var (y) is the variance of income. Thus the
 
cost of risk to the farmer is proportional to the variance of income,

with - u"/u' being the farmer's degree of absolute risk aversion.
 

This finding is useful in that it allows portfolio risk analysis

to be applied to the problem of valuing improved security of farm
 
production. (1)
 

(1) The analysis at this point is taken largely from Jock R. Anderson,
 
John L. Dillon, and J. Brian Hardaker, Agricultural Decision Analysis,
 
Aimes, Iowa: Iowa State University Press, 1977, pp. 189-212.
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Figure 2 is an illustration of this analysis. In this figure the farmer's
 
utility is assumed to be influenced by both the expected value (E)of
 

Figure 2
 

Expected 
 u3 u2 u1
Value (E)
 

(E-V)
 

Variance MV)
 

income and its variance V). His indiffference curves are sloped upward to
 
the right, and he experiences higher levels of welfare from u to u by
 

1 3
 
increasing E and decreasing V. Constraining the farmer is his E-V frontier,
 
which is the locus of all agricultural activities combined together in the
 
most efficient way. The farmer attains the optimum point on his E-V
 
frontier where it is tangent to his highest attainable indifference curve,
 
i.e., where the slopes of these two curves are equal. At this point, the
 
value of a given reduction in the variance of income can be measured in
 
terms of the following:
 

(1) the expected value of income that the farmer would be willing
 
to give up in order to achieve that reduction in variance
 
(slope of u ), and
 

2
 

(2) the expected value of income that must be given up for that
 
reduction in variance, given the existing portfolio of farm
 
activities and array of farmer constraints (slope of E-V).
 

The technique of quadratic risk progranning can be used to determine
 
the optimum point in Figure 2 if a quadratic utility function is specified. I
 

I/ Use of this technique assumes that activity net revenues follow a
 
imultivariate normal distribution, with means that variances and covariances 
usually estimated from time-series data. This assumption implies that 
total net income also tends to be normally distributed, so that utility 
can be assessed in terms of only the mean and variance of that revenue. 
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This function has the undesirable property, however, of causing absolute

risk aversion to increase as income rises which is contrary to
-
 common
 
observation. Alternatively, parametric programming can be used to map

out the E-V frontier, and the utility-maximizing point on this frontier
 
can be chosen by other less formal means.
 

Quadratic risk programming is a complex and expensive technique,

which is very demanding in terms of data. Consequently, it is not often
 
employed empirically. 
More useful are variations of linear programming

that take account of the stochastic nature of activity net revenues. 
 One
 
of the most popular of these is the Minimization Of Total Absolute
 
Deviations (MOTAD) approach, which closely parallels quadratic programming,

but without the need for a nonlinear programming algorithm. For a sample

of activity net revenues from "s" previous years, an unbiased estimate of
 
the mean absolute deviation of expected net farm income is given by
 

1 -n I
 
_s X- Y- (C X 

r-l i l ri
 

th
where s represents the sample size, crjis net revenue per unit of the j
 
th
activity in the r year, c is the sample mean net revenue per unit of the jt:
 

activity, and xj 
is the level of the jth activity. This measure of risk
 
can be incorporated into a linear programming farm model in such a way that

M can be minimized for a given level of the expected value of net income (E)

varied parametrically over the relevant range, generating an E-M efficient
 
frontier that corresponds closely to the E-V frontier.
 

The preceding analysis suggests how specific parameters might be

defined to express the value of improved security of production in teris of
 
net farm income. At the margin, this value should equal the common slope

dE/dV at the point of tangency in Figure 2. In practice, this m4ght be
measured by investigating the farmer's utility function with respect to the
 
income-risk trade off in the neighborhood of the point of equilibrium.

Alternatively, the slope of the E-V or E-M frontiers might be explored,

especially for the farm plans actually adopted by farmers.
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Empirical Analysis
 

Four empirical analyses have been conducted that provide some
 
information on the value of increased security of production. All were
 
undertaken in environments where risk due to variations in rainfall is
 
important. One of the studies is from Brazil, two are from India, and
 
the fourth was undertaken at Matam in Senegal.
 

The first study, by Dillon and Scandizzo, measured risk attitudes
 
of subsistence farmers in Northeast Brazil using a series of hypothetical

experiments wherein farmers were asked to choose between risky and certain
 
farm alternatives (1). The estimated value of the risk attitude coefficient
 
in:
 

U-E++.0 v 
was -1.01 (s.d. - 0.71) for small owners and -0.86 (s.d. - 0.77) for
 
sharecroppers when subsistence was at risk (2).
 

Hypothetical experiments of this kind with farmers may be too
 
abstract to be of much use. Binswanger, however, has conducted similar
 
experiments in semi-arid regions of India, but with the notable difference
 
that farmers were given cash to use in the game, thus increasing their
 
stake (3). Most farmers fell into the intermediate and moderate risk aversion
 
class, implying risk attitude coefficients of -0.33 and -0.66 respectively
 
- substantially less than the coefficients estimated by Dillon and Scandizzo.
 
Aversion rates are somewhat greater in riskier regions.
 

Schluter and Mount, taking another approach, have estimated the
 
E-M frontier for a group of farmers in the Surat District of India (4).

Risk in their analysis was only taken into account for cash crops and not
 
for food crops grown for home consumption. Although results varied from
 
farm to farm, the risk coefficient, measured as the change in net farm
 
income required per unit decrease in the mean absolute deviation of that
 
income, tended to be clustered around 11.0.
 

(1) John L. Dillon and Pasquale L. Scandizzo, "Risk Attitudes of Sub
sistence Farmers in Northeast Brazil: A Sampling Approach," American
 
Journal of Agricultural Economics, 60(3), August 1978,
 

(2) Note that in this equation, utility is a function of the standard
 
deviation, not the variance, of net farm income. This implies that the
 
efficiency frontier changes its form somewhat but does not otherwise affect
 
the analysis.
 

(3) Hans P. Binswanger, "Risk Attitudes of Rural Households in Semi-Arid
 
Tropical India, "Center Discussion Paper No. 275, Economic Growth Center,
 
Yale University, January 1978.
 

(4) Michael G.G. Schluter and Timothy D. Mount, "Management Objectives of
 
the Peasant Farmer: An Analysis of Risk Aversion in the Choice of Cropping

Pattern, Surat District, India, "Occasional Paper No. 78, Employment and
 
Income Distribution Project, Department of Agricultural Economics, Cornell
 
University, October 1974.
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Finally, the MOTAD method was employed by Hasan Tuluy in his
 
linear programming analysis of a sample of farms along the Senegal River
 
at Matam (1). In his analysis, he obtained dual solutions to the risk
 
constraints that implied that, for traditional activities, a unit
 
decrease in the allowable mean absolute deviation would result in a
 
decline of 1.43 units of net farm income. If out-migration is not
 
permitted, the decline would be 2.38 units.
 

The major conclusion of these analysis is that farmers attach 
substantial importance to avoiding high risk and are, as a consequence,
willing to suffer important decreases in net income at the margin in order 
to reduce this risk. The empirical evidence is very fragmentary, but that 
which exists suggests that farmers in areas with considerable fluctuations 
in yields may value a unit reduction in the standard deviation or mean 
absolute deviation of net farm income at the equivalent of anywhere from 
0.33 to 2.38 units of that income. Neglecting the more extreme values, 
the economic analysis performs a sensitivity analysis assuming value of
 
0.5, 1.0, and 1.5.
 

This analysis is complicated empirically, however, by the fact
 
that the introduction of irrigation implies a substantial rise in the
 
expected value of net farm ircome in addition to any effects that it might

have on fluctuations in that income. Diagrammatically, this situation
 
implies an upward shift in, rather than a movement along, the E-V frontier
 
of Figure 2. The impact that this shift will have on the farmer's risk 
attitude coefficient cannot be fully predicted a priori, but there is a
 
general presumption that absolute risk aversion decreases with rising

income. Thus, it is entirely possible that the farmer might choose to
 
operate at a point on the new E-V frontier where both the expected value
 
of net farm income and its variance are higher than before the intro
duction of irrigation. Despite the higher variance, however, the farmer
 
feels more secure, and thus greater security has value over and above
 
that of the increased farm income by itself.
 

(1) Ahmet Hasan Tuluy, River Basin Development Alternatives: The
 
Economics of Small-Scall Irrigation Along the Senegal River, Ph.D.
 
Dissertation, Fletcher School of Law and Diplomacy, April 1980.
 



The farmer, in fact, may be much less concerned about the
 
variance of farm income than about assuring that this income does not
 
fall below a given "subsistence" level. To the extent that this
 
statement is true, he derives the same welfare gain from any change

in the probability distribution of net farm income which reduces by

the same amount the probab4lity of his falling below the subsistence
 
level. This process is iL.ustrated in Figure_3. The initial
 
probability distribution, PD1 , has a mean of y and a relatively large

variance. With irrigation, the probability distribution shifts to PD2,

which has a much higher mean at f, but also a larger variance.
 

Figure 3 
Probability I 

PD3 

PD2
 

Ys Y Y Net Farm 

Income
 

(1) This approach to farmers' risk behavior has been stressed by a number 
of authors, including J. M. Boussard and M. Petit, "Representatin of 
Farmer's Behavior under Uncertainty with a Focus Loss Constraint," Journal 
of Farm Economics, September 1967, pp. 869-880 and J.P. G. Webster and J.O.S.
 
Kennedy, "Measuring Farmers' Trade-Offs between Expected Income and Focus-Loss
 
Income," American Journal of Agricultural Economics, February 1975, pp 97-105.
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Nevertheless, the farmer feels more secure because this probability
 
of failing below y5 , the subsistence level of income, has decreased
 
--as represented by the reduction in the total area of the
 
distribution to the left of ys. This improvement in security is the
 
same as if the farmer had experienced a reduction in the
 
variance but no change in the mean value of farm income, as represented
 
by PD3 '
 

Risk Sensitivity Analysis
 

The discussion above suggests a methodology for valuing the
 
benefit of improved farm security as a result of the project. First,
 
using the data presented in Tables A6 and A7 on variations in yields
 
and areas planted to dryland and recession culti,ation, farm income
 
streams are generated for pre-irrigation and post-irrigation farms.
 
Tables A8 and A9 construct these streams on the basis of the assumptions
 
provided in the notes. The mean, variance and standard deviation are
 
then calculated for each income stream.
 

A subsistence level for both farm types may calculated by
 
assuming that both farms have eight persons, each consuming 150 kg of
 
grain per year at the subsistence level. If no other expenditures are
 
made at this level and grain sells at 63.8 CFA/kg (millet price in Bakel)
 
then the subsistence farm income level is 76,560 CFA/year.
 

The situation suggested by the data !n Tables A8 and A9 may
 
be represented by Figure 4 below where Ft is the mean income for the
 
frequency distribution of incomes on traditional (pre-irrigation)
 
farms, _ is the mean for the frequency distribution of income on project
 
(post-irrigation) farms, and ys is the subsistence level for both
 
farms. The standard deviation for each distribution is noted by ST,
 
for the traditional farm and S for the project farm.
 



TABLE A.7
 

PRE - IRRIGATION FARM INCOME STREAM
 

Year 2 3 4 5 6 7 9 10 
Djeri (dLyland)
Yield (kg/IA) 350 505 85 620 705 765 400 175 900 450 
Value of Production (CFA/HA) 23900 34500 5800 42300 48200 52200 27300 12000 61500 30700 
Production coats (CFA/ILA) 1500 1500 1500 1500 1500 1500 1500 1500 150O 1500 
Net income / IA 22400 33000 4300 40800 46700 50700 25800 10500 60000 29200 
Number of IA/farm 2 
Net farm income from diert; 44800 60000 8600 81600 93400 11400 51600 21000 120000 58400 

Walo (receasion)
 
Yield (kg/HA) 450
 

Value of production (CFA/HA) 30735
 

Production costs (CFA/IA) 1500
 

Net Income/IH 29200
 
Number of IA/farm 1.98 1.35 .26 
 1.67 .63 1.58 .56 .29 
 1.06 .77
 
Net farm income from Walo 57800 39400 7600 
 48800 18400 46100 16400 8500 
 31000 22500
 

Total Net farm income 102600 105400 16200 130400 
 111800 147500 68000 29500 
 151000 80900 
Mean Income x = 94330 
Absolute deviation /x - 8270 11070 78130 36070 17470 53170 26330 64830 
 56670 13430
 
Mean absolute deviation (6x- ) 36544
 

Standard deviation (ST) n 45967
 

NOTES: 1. 
The annual cash flow is varied for dryland crops by yield using the 1970-1979 time series for yields in the Louga Diourbel region
 

(see page .)
 

2. 
Income from recession crops is varied in propection to area under cultivation, assuming farm area is proportionate to total cropped
 
area In the valley, and assuming one hectar is the mean area cropped over 
then years. (Data is derived from table_ page .) 

3. The value production assume a price per kilo of 63.8 CFA/kg for dryland recession crops (see prices assumed for Bakel re;ton in Economic
 
analysis, page 90) Production costs assume 50U CFA/HA amortization on hand tools, and 1000 CFA/HA for seed. totalling 1500 CFA/HA.
 

N
 



TABLE A.8
 

POST - IRRIGATION FARM INCOME STREAM
 

Year 1 2 3 4 5 6 7 8 9 10 
Average Net Income from 130,000 
Irrigation I 2 

Yields for small perimeter 2 

Average yield 

1.6 

3.45 

2.2 4.2 2.7 3.6 2.4 4.7 4.3 4.5 2.2 

Weighted Net Income 59500 81750 156,100 100300 133.800 89200 174,600 159800 167200 81700 
from irrigation 
Net Income from traditionalfields 102600 105400 16200 130400 111800 147500 68000 29500 151000 80900 

Total net income for modern 162100 187150 172300 230700 245600 236700 242500 189300 318200 162600 
farm 
Mean income (R) 204715 

Mean absolute Deviation (E/x -i ) 

6611 
Standard deviation (9p) 66119 

NOTES: 1. 
Average Net income from irrigation is derived from the manual Irrigated Farm budget for Bakel as follows
 

Net Income farm income 228 729
 

less income to Walo 
 30 730
 

less income to Ejeri 68 300
 

Average Net income from 
 129 696 L 130,000
 
Irrigation
 

2. 
Income from irrigation is varied in proportion to variations in yields obtained between years 1970 and 
1979 for small perimeters in Mauritania
 

(see OHYS Socioeconomic Study.Volume C. -age 111.5.)
 

3. Net income from traditional fields assumes the income stream derived in table 
 with no changes.
 

a 
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Figure 4 

Probability
 

Net Farm Income
 

'Ys Yt 
 yp 

=
Ys 76.560 ST = 45,967
 
= 
 94.330 
 S? - 66,119 

Yp - 204.715 

From the income streams it is obvious that the post-irrigation

probability distribution has a mean value greater than that of the pre
irrigation distribution, and only a slightly' higher variazice. 

Moreover, given this information, and using a normal
 
probability distribution table, it can be shown 
 that the traditional
farmer has a 35Z probability of falling below the subsistence level,
wtLile the project farmer's probability of suffering the same fate falls 
to 2.6%.
 

To mLasure the impact of farm security due to the project, the

probability distribution is determined, which has the same mean as 
the
 
pre-irrigation distribution, but with a smaller variance such that the

probability of the farmer falling below the subsistence level is the 
same as with the post-irrigation distribution (2.6%). 
This equivalent

reduction in variance is then valued in terms of net income using the
 
coefficients specified earlier. 
The difference between the old variance
 
and the new variance represents the change in income security due to
 
the project.
 

A probability of 2.6%of falling below y. is 1.94 standarddeviations from the mean. While the probability of 35% of falling
below the mean i.e. at .39 standard deviations, hence the difference is 
1.55 standard deviations. The standard deviation value is then:
 

1.55 x ST = 71.249 CFA.
 

This standard deviation value is then weighted by the ratio of standard
 
deviation to net income value specified earlier.
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Standard Deviation Ratio of Income Value 
 Income Value Per Farm
 
Value per farm To Income Security (CFA)
 

Value CFA/SD

71,249 .5 
 35,634
 
71,249 
 1.0 71,249
 
71,249 1.5 
 106,873
 

Assuming 1.0 as the mean ratio value above, the benefit to increased
 
income security due to the project is 71,249 CFA per year for the average
 
manual farmer.
 

Assuming that the income stream variation on project animal
 
traction farms is three times that of project manual farms, ( a liberal
 
estimate of risk) but accounting for the increase in mean income to
 
698,000 CFA (see faz-m budget Bakel Animal Traction, Table 61) the
 
probability of falling below the subsistence level falls to .09% and
 
the change is standard deviation value per farm rises to 127328, or in
 
income terms, 127328 CFA/year.
 

Table A.10 projects the impact on the project net economic
 
benefits of including the benefit to increased income security as
 
valued above for each farm type, in each project zone.
 

The effect on the net economic value of the project is very

large, as is demonstrated by the change in the internal rates of
 
return for each region. It is especially significant in Kaedi, due to

the large number of farms participating in the project per unit area.
 

ECONOMIC RATE OF RETURN
 

Excluding Including

Benefits To Security Benefits To Security
 

Kayes 9.64 
 19.20
 
Bakel 11.46 
 18.87
 
Podor 7.49 
 10.94
 
Gourage 13.33 
 20.84
 
Kaedi 11.94 
 22.47
 

This analysis of the project benefits accruing from increased
 
income security should be treated with caution as both the projections

of income variations and the value attributed to the change in variations
 
are highly speculative. Stillgiven the historical susceptibility of the
 
Senegal River Valley to famine, the security benefits attributed to the
 
project are certainly real and important.
 



TABLE A.9
 

- ECONOHIC RATES OF RETURN ADJUSTED FOR ADDITIONAL BENEFITS TO IMPROVEHENTS IN INCOME SECURITY -


KAYES (million HF) 
Net Economic Benefit (before adjustment) 

1984 

-177.2 

1985 

-301.0 

1986 

-387.5 

1987 

-1091.1 

1988 

-508.1 

1989 

-95.7 

1990 

210.0 

1991 

321.9 

1992 

321.9 

1993-2013 

375.6 

Benefits to rainfed agriculture 

Adjusted Net Economic Benefit 

Internal Rate of Return 

-177.2 

19.2 

-301.0 -387.5 -109.1 

50.4 

-457.7 

100.8 

5.1 

124.9 

334.9 

124.9 

446.8 

124.9 

446.8 

124.9 

500.5 

BAKEL (million CFA)
Net Economic Benefit (before adjustment) - 416.35 -323.06 4.63 47.48 89.76 84.01 81.29 123.44 123.44 126.09 

Benefits to rainfed agriculture 

Adjusted Net Economic Benflt 

Internal Rate of Return 

16.39' 

-399.96 

18.87 

47.29 

-275.77 

65.49 

70.12 

62.04 

109.52 

58.58 

148.34 

56.85 

140.86 

56.85 

138.14 

56.85 

180.29 

56.85 

180.29 

56.85 

182.94 

PODOR (million CFA)
Net Economic Benefit (before adjustment) -60.5 -418.4 -408.0 -381.6 -431.9 81.2 109.9 104.4 -734.7 287.8 

Benefits to rainfed agriculture 

Ajusted Net Economic Benefit 

Internal Rate of Return 

- 60.5 

10.94 

-418.4 

36.0 

-372.0 

47.5 

334.1 

47.5 

-384.4 

70.7 

151.9 

70.7 

180.6 

70.7 

175.1 

70.7 

-664.0 

70.7 

358.5 

GOURAYE (million UM) 
Net Economic Benefit (before adjust-

ment 
Benefits to rainfed agriculture 

Adjusted Net Economic Benefit 

Internal Rate of Return 

- 58.61 

2.44 

-56.17 

20.84 

-52.34 

6.11 

-46.23 

-49.46 

10.23 

.39.23 

2.33 

15.12 

17.45 

9.31 

15.12 

24.43 

13.97 

15.12 

29.09 

19.56 

15.12 

34.68 

35.78 

15.12 

50.90 

35.76 

15.12 

50.88 

36.05 

15.12 

51.17 

KAEDI (million UM) 
Net Economic Benefit (before adjust
ment) 

Benefits to rainfed agriculture 

Adjusted Net Economic Benefit 

Internal Rate of Return 

- 62.38 

3.74 

-58.64 

22.47 

-48.27 

8.86 

-39.41 

-48.90 

15.09 

-33.81 

-69.62 

25.01 

-44.61 

-44.48 

33.88 

-10.60 

-24.59 

37.44 

12.85 

38.13 

35.62 

73.75 

39.51 

35.62 

75.13 

39.51 

35.62 

75.13 

60.23 

35.62 

95.85 
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A.3. The Developmental Impact of the Project
 

The £DP will contribute indirectly to the development of the
 
Senegal River Basin through a number of activities, including socioecono
mic research and technical feasibility studies, technological innovation,
 
training for a wide variety of project participants, health monitoring,
 
transport and communications improvement,as well as promotion of market
 
liberalization. Many of these acti ities are in part necessary to attain
 
the production objectives evaluated in the Economiz Analysis, and to this
 
extent, their benefits are accounted for in the final values attributed
 
to those objectives. However, each of these activities will have an
 
impact far beyond its intermediate contributions to the project, and in
 
this sense, each will provide developmental benefits to the region that
 
h~ave not been accounted for in the preceding economic analysis.
 

Most of these developmental benefits =i public in nature, not
 
divisible in discrete units and non-excludable among individuals within
 
the society. For this reason, the marginal value of these goals is impossi
ble t,) determine, and therefore economic evaluation of their worth is
 
difficult. In one sense, the value of these contributions may be thought

of as the residual benefit to improvement in the valley once account is
 
taken of the expected return to more discrete investments. The following

section examines a few of the most important developmental benefits that
 
will arise from the project in terms of the general magnitude or signifi
cance of their overall contribution.
 

One of the most important developmental impacts of the project

will be the trihl of new prototype technologies for perimeter construction,
 
organization,and water control. Two prototypes will be tested and used
 
by the project. In the Kayes Region, controlled "bas-fonds" or swamp

perimeters will be developed in order to dam-up rain and flood run off
 
for use over an extended season in shallow swamp basins which border the
 
rivers. As these perimeters will not require pumped irrigation, they will
 
greatly reduce annual operating costs to farmers, providing them with a
 
sure water supply for intensive crop production. If this prototype proves

successful, it may be feasible for extension to another 30,000 hectares
 
in the upper valley. Given the comparative advantage of the low water
 
control costs over pump irrigation, cereals agriculture on these perimeters

is expected to easily compete with expected irrigated grain production in
 
the Senegal River Valley, ultimately producing about 90,000 tons annually
 
on these swamp perimeters.
 

The second experimental perimeter design will be'in Podor. This
 
perimeter is unique in that it is designed to resolve several major socio
logical, managerial,and technical problems that to date have led to the
 
failure of large perimeters.
 

Previous large perimeters in the valley have been plagued by

water management problems stemming from the use of centralized water control
 

/
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structures upon which farmers were entirely dependent but over which they
 
had little authority or influence. (See Technical Analysis for Irrigation
 
and the Social Analysis, Volume III, Sections 2.0 and 3.2 for details).
 
Inefficient management of pumping stations, dikes.and large canals have
 
caused serious obstacles in the delivery of water, resulting in sometimes
 
drastic effects such as crop destruction, land salinationand the diminu
tion of irrigable areas. Moreover, the use of large, mechanized farm equip
ment has raised economic costs to prohibitive levels. Finally, the lack
 
of responsibility allotted to farmers for maintainin, perimeters, deliver
ing water, and carrying out essential production activities has stiffled
 
their incentive to work and has increased their dependence on and expecta
tions of further assistance from the regional development agencies.
 

The IDP will attempt to alter these arrangements on the large
 
perimeter at Podor to provide a viable large perimeter model. Innovative
 
changes that will be made include the following:
 

1) 	The use of a participatory approach to perimeter planning
 
and organization in which farmers will make the critical
 
decisions in perimeter organization and management, land
 
allocation, water distribution, and costs allocation and
 
collection;
 

2) 	the requirement that farmers contribute their labor to the
 
construction of tertiary and parcel level water control
 
structures;
 

3) 	the installation of water control structures which will
 
allow control and measurement of water use at the producer
 
group level;
 

4) 	the delegation of responsibilities for maintenance of dikes,
 
canal systems and pumping stations to the producer group
 
level;
 

5) 	the elimination of subsidized mechanized cultivation servi
ces and the delegation of this activity to private sector
 
entrepreneurs.
 

These innovations are expected to eliminate most of the current
 
inefficiencies in large perimeter orperation. However, the costs of
 
developing and introducing these changes are higher than will be required
 
for extending these changes to other perimeters. For this reason, the rate
 
of return for the Podor perimeter is considerably lower than for other
 
irrigation activities of the project.
 

Primary developmental factors contributing to this low rate of
 
return include, first, a high level of technical assistance necessary for
 
the design and implementation of the Podor program. This assistance will
 
comprise the services of an expatriate irrigation engineer, an expatriate
 
training/extension specialist, and an expatriate sociologist. This person
nel will complement the staffing of usual SAED extension services.
 

J,
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A second reason for high cost at Podor is the gradual timing
 
of the implementation of production. The entire area brought under
 
irrigation through dikes constructed under the IDP will not be cultu
vated for six to ten years after the first areas are implemented. Al

though gradual timing is considered necessary to allow the innovations
 

planned for the perimeter to be developed, it will cause implementation
 
costs to rise considerably. Finally, the delayed timing of production
 

benefits further reduces the rate of return to the initial investments.
 

The relative impact of this developmental effort is large.
 
The Podor prototype, if successful, may serve as a model for the deve

lopment of most of the middle valley and delta in Senegal River Basin
 

covering some 340,000 hectares. This area, moreoverwill be irrigable
 

year round once the Manantali Dam is operating, allowing at least dou

ble cropping throughout the middle valley and eventually producing
 
Given this scale of proclose to 14,440,000 tons of cereal per year. 


duction,the Podor perimeter is of considerable value as a prototype.
 

Another set of benefits will be generated by the health com

ponent of the project. This component will establish a disease moni

toring facility in each country to keep track of the incidence, loca

tion, and spread of important diseases in the project zones. In
 

conjunction with this monitoring activity, the health program will
 

provide technical assistance to national health institutions to help
 

them design more extensive surveillance and monitoring systems and to
 

support some limited disease control activities. Finally, the program
 

will provide training for medical and paramedical students'in the theory
 

and practice of epidemiological surveys.
 

The economic benefits of these health activities will be felt
 

both through the effects of improved health on the populations produc

tivity and through the savings on medical expenses by the population.
 
Activities that will directly improve health are relatively limited, as
 

this intervention will only occur in areas with critical disease out

breaks. These activities will focus largely on distributing curative
 
drugs to prevent disease spread.
 

A much greater economic impact will result from the reduction
 

in the medical expenses of the valley population. These savings will
 

come about as accurate knowledge of disease problems in the valley in

creases and more timely and effective measures are implemented to pre

vent disease intensification and spread. This sort of benefit could well
 

affect the entire valley population of two million people by eradicating
 

major disease threats before spreading occurs.
 

A further developmental impact of the project will result
 
from the variety of training activities carried out under the project.
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Farmers will be the primary recipients of training in basic literacy

and numeracy, production techniques, agronomyand farm management. The
 
project will provide such training to about 5,200 farmers.
 
The project will also support training for small businesses and rural
 
artisans in business management and the use of appropriate technologies.

About 50 business may be reached by these programs. Finally, the pro
ject will provide on the job performance for counterparts and extension
 
agents. Approximately 1350 RDA and government personnel are expected to
 
receive training of this sort.
 

Individuals trained by the project will obviously use their

expertise not only within the project, but in other relevant activities,

and will transfer their skills to others. 
Such extensions of the
 
training investment will generate benefits far beyond the project objec
tives. The training activities may thus be viewed as investment in the
 
"human capital" of the valley.
 

A final major developmental contribution of the project will
 
be the series of policy, planning, and feasibility studies carried out
 
in the following areas:
 

a. Long-range development plan of the upper valley
 

b. Studies on women, pastoralists,and land tenure.policy
 

c. A fishing estuary policy study
 

d. A telecommunications policy study
 

Each of these studies will contribute toward the effectiveness
 
of development efforts in the river valley by identifying critical cons
traints and promoting priority investments to relieve them; promoting

coordination among investors to prevent duplicative efforts or redunc

of investment; uncovering p6tential problems; and proposing solutions c.
 
avert major economic or social costs.
 

The economic value of these studies will thus be derived from
 
their role in allocating resources more efficiently. The dramatic chan
ges envisioned for the population of the river basin and the risks 
of
 
unforeseen problems clearly warrant such careful and continuous feasibi
lity studies. The policy ramifications of these studies are sure to reach
 
not only the basin population but the populations of each participating
 
country.
 


