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ABSTRACT

The Impact of the Fertilizer Sub-Sector Reform Program on the Demand for Fertilizer

in “Office du Niger”, Mali

By

Youssouf Cissé

The “Office du Niger” (ON) is the largest irrigated rice production area in Mali.
In the ON, the use of chemical fertilizers is recommended in the cultivation of improved
varieties of rice in all production systems.

Given the importance of chemical fertilizer in rice production in the ON,
surprisingly little is known about the impact of the fertilizer sub-sector reform program
on the demand for fertilizers and the capacity of the ON to support a private-sector
fertilizer distribution system. Insights into these questions will ultimately help in
assessing the potential for a vibrant and sustainable chemical fertilizer subsector in the
ON. The primary objective of this paper is to describe how to carry out a study to assess
the impact of the fertilizer reform program on the demand for fertilizer in the Office du
Niger. It is planned that data will be collected from both primary and secondary sources
in order to implement the proposed models and their extensions. Primary data will be
collected from a stratified sample of 30 farms in each rice production system in the ON.

Secondary data will be collected by consulting relevant reports written about the ON.
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Empirical models based on the conventional linear programming framework will

be built to represent a typical household in each rice production system in the ON. The
models will be run using two types of price vectors: the input prices at the farm gate in
the ON before and after the devaluation of the FCFA currency. In each case, it is
possible to derive the aggregate potential demand for fertilizer by varying its price. As
the price of fertilizer varies, different levels of input use become optimal and, in
consequence, a series of price-quantity relationships is developed. The risk of yield
variability in food crops and income variability from crop sales resulting from weather
and prices will be incorporated through use of the minimization of total absolute
deviation (MOTAD) model as developed by Hazell in 1971.

The results from the analysis should provide insights about the incentives for
farmers to use chemical fertilizers and the capacity of the ON to support a private sector

fertilizer distribution system.
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CHAPTER1 - INTRODUCTION

1-1 - Problem Statement

Mali is a country located in the Sahelian zone of West Africa. The Malian
economy is still dominated by the agricultural sector, which is characterized by its
reliance on erratic weather conditions and poor soils. Stoorvogel and Smaling (1990)
reported that Malian soils lost 8, 2, and 8 kg/ha of nitrogen (N), phosphorus (P), and
potassium (K), respectively, during 1983. The projected annual losses for the year 2000
are 11, 4, 12 kg/ha for N, P, and K. Because of this situation, Malian soils require
mitrogen applications, and many require phosphorus, potassium, and sulfur applications
to maintain their nutrient balance and soil productivity (Henao ef al, 1982).

Indeed, fertilizer use will play a special role in meeting the twin challenges of
sustaining food security and preserving the natural resource base. Fertilizer is
complementary to the use of seed, water, and plant protection materials capable of
shifting the production function and is essential for replenishing the nutrients removed
from the soils. The growth in fertilizer use should be sustained by the introduction of
policies and technologies to improve the efficiency of fertilizer use so that more output
can be obtained from the same or a lower amount of fertilizer nutrients (IFDC, 1995).
Only an efficient and environmentally sound fertilizer use can sustain high crop yields
and prevent the degradation of the resource base (IFDC, 1995)

On the other hand, if fertilizer use is not managed properly and if fertilizer is
used excessively, it can cause harm to the environment through nitrate leaching,

cutrophication, and other externalities.
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In the “Office du Niger” (henceforth ON), which is the largest Malian irrigated

rice production area, the use of inorganic fertilizer (urea and ammonium phosphate) is
recommended in the cultivation of improved varieties of rice in the intensive (Niono),
semi-intensive (Kokeri), and non fully restored production (Kouroumari) areas. Figure
1 prevides the map of the hydraulic systems in the ON area. The intensive system enjoys
full water control and involves the use of a relatively high level of fertilizer. The semi-
intensive system does not benefit from full water control in all areas of the field.
Therefore, farmers in the semi-intensive system use lower doses of fertilizer than in the
intensive system. The third system, called the non-restored area, is not maintained on a
regular basis, and farmers use a relatively lower dose of inputs. Kamuanga (1982)
reported from his study in the ON that 72% of the farmers used less than the
recommended level of 100 kg of fertilizer (urea and phosphate), while 18 percent applied
it at rates higher than 100 kg per hectare. Application rates reached the recommended
level of 50 kg of urea only in one zone (the Sahel), which also had the highest rate of
application for ammonium phosphate.

Given the importance of the chemical fertilizer in rice production at the ON,
surprisingly little is known about the impact of the fertilizer sub-sector reform program
on the demand for fertilizer in the rice production systems at the ON and the capacity
of the ON to support a private-sector fertilizer distribution system. Insights into these
questions will ultimately help in assessing the potential for a vibrant and sustainable
chemical fertilizer subsector in the ON.

Elsewhere in Africa, for example in Senegal, Kelly (1988) reported that the major
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reasons for the poor performance of the liberalization of the fertilizer market in the

1980s were the high risks and low payoffs of using fertilizer at unsubsidized prices,
combined with credit constraints. In contrast, in some parts of sub-Saharan Africa,
particularly in well- watered highlands, it appears that constraints to expanded use of
fertilizer and improved seeds lie mostly on the supply side (Kelly, 1988). Dione et al.
(1996) reported that the private sector in West Africa was still unable to satisfactorily fill
the gap resulting from the elimination of parastatal enterprises in charge of input
delivery before the structural adjustment reforms. The main constraints were as
follows:

1) Complexity of the input delivery function: Input delivery required

2) Satisfactory financial availability, knowledge of the world market and

also
3) Good technical knowl§d3e of the inputs themselves.
4) Small size and poorly organized private sector: These characteristics
prevented private sector from benefiting from scale economies.
One of the key questions is which of the above constraints is most binding in
the ON?
1-2- Specific Issues
Until 1980 in Mali, the agricultural credit and input distribution agency

(SCAER) was the monopoly parastatal in charge of the distribution of farm supplies and
the provision of credit to farmers through the Rural Development Operations (ODRs).

SCAER was abolished in 1981 by the government and replaced by the National
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Agricultural Development Bank (BNDA), which extended credit either directly to
farmers through guarantee of group liability of approved village associations or
indirectly through ODRs or other Rural Development Agencies, such as the National
Direction of Cooperatives (DNACOOP). Both SCAER and the BNDA operated in
relatively stable socio-economic and political environments. Today, however, there are
many forces leading to change in the Malian fertilizer subsector. The main forces

driving changes are:

i JThe removal of subsidies

Fertilizer subsidies in Mali used to be high in the mid-70s (more than 50% of the
actual fertilizer costs). The subsidies were intended to reduce the price of fertilizer, but
they were substantially reduced in the late 70s and early 80s (to a level of about 15% to
25%) until they were abolished in 1987. Table 1 provides the prices of fertilizer in

current and relative terms between 1970 and 1990.
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Table 1: Fertilizer Prices in Current and Relative Terms

Year Urea Ammonium Price ratio
Phosphate
(CFAF/kg) (CFAF/kg)
Urea/ Urea/ Ammon.
Maize Paddy - phosph./Paddy
1970/71 30 20 3.0 24 1.6
71/72 30 20 3.0 24 1.6
72/73 32 20 32 2.6 1.6
73774 32 20 20 2.6 1.6
74775 32 20 2.7 1.6 1.0
75776 43 28 2.6 22 14
76/77 46 43 2.6 2.0 2.1
77178 46 48 2.2 2.0 2.1
78/79 55 70 24 2.2 2.6
79/80 60 70 1.9 20 23
80/81 65 70 23 1.7 1.9
81/82 103 108 2.2 2.1 22
82/83 103 108 2.1 1.9 20
83/84 103 108 2.1 1.7 1.8
84/85 103 108 1.9 1.7 1.8
85/86 108 120 2.5 1.5 1.7
86/87 134 194 — 1.9 28
87/38 145 194 —_ 2.1 2.8
88/89 145 194 -_— 2.1 2.8
89/90 145 194 —_— 2.2 2.8

Source: adapted from Sijm (1992).

Table 1 provides the current prices of urea and ammonium phosphate in
CFAF/kg in the second and third columns, whereas the relative official prices
(fertilizer/cereal) are provided from the fourth to the last column. Since the suppression
of SCAER in 1981/82, the prices of fertilizer were no longer fixed by official decree but

announced, based on reference prices practiced by the cotton production agency CMDT
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(for urea) and the “Opération Haute Vallée” (for ammonium phosphate). It can be seen

from Table 1 that in absolute terms, the unit price of urea and ammonium phosphate
followed an increasing trend from the 70s through the 90s. However in relative terms,
both the prices of urea and ammonium phosphate compared to cereal prices decreased
from the 70s to the mid-eighties before the complete removal of the subsidies. This
decrease in the relative price of fertilizer in late 70°s and early 80’s was due in part to
high cereal prices resulting from drought (e.g., in 1984/85) rather than explicit fertilizer
policy. After the removal of the subsidies, the relative prices increased. Then the CFA
devaluation took place on January 12, 1994, drawing more attention on the input and
output price relationships.

Dione et al. (1996) found that the price of inputs registered a 71% increase
between the 1993 and 1995 cropping seasons. They reported that many rice producers
in Mali responded to this trend by reducing the level of fertilizer use by 11% (Dione et
al.,, 1996). This changing input prices hurt farmers and village associations that could
not get access to formal credit because of their high level of indebtedness most. They
were forced to rely on the informal source of seasonal credit from traders where the rate
of interest ranged from 20% to 50% (Dione et al., 1996).

Table 2 below presents the prices of fertilizer relative to the prices of paddy in
each zone in the ON. It can be seen from table 2 that the relative prices were higher in

the more intensive areas implying that paddy prices were lower in these areas.
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Table 2: Relative Prices of Fertilizer in the ON in 1994/95

Zone Absolute prices of Relative
fertili Pri
(CFAF/kg)
Intensive (Niono) Urea: 178 1.78
AP: 172 172
Semi-intensive Arpon (Niono) Urea: 178 1.66
AP®: 172 1.61
Semi-intensive Arpon (Macina) Urea: 165 1.37
AP: 186 1.55
Non-Restored area Urea: 165 1.38
AP: 178 1.46

Q The relative price is the price of fertilizer over that of paddy in each Zone.
® AP = Ammonium Phosphate.

Source: Derived from ON raw data by the author.

Figure 2 presents the prices (CFAF/kg) of paddy and rice along with the prices of
urea and ammonium phosphate from 1992 to 1997. In general, there was an increasing
trend in the prices of both paddy and rice from 1992 to 1996. But from 1996 to 1997
both paddy and rice prices dropped. The decrease in the prices of rice was more drastic.
There was an increasing trend in the prices of both urea and ammonium phosphate.
The prices of both fertilizers increased drastically after the currency devaluation in 1994
until 1996. The decreasing trend observed in the prices of both fertilizers from 1996 to
1997 was visibly less pronounced than in the case of paddy and rice implying that

fertilizer prices outweighed paddy and rice prices over the same period.
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and milled rice. The

prices relative to

paddy  dropped

from 1993 to 1995

implying  that

paddy prices

outweighed fertilizer prices over this period. But from 1995 to 1996, the inverse trend

was observed. The prices relative to paddy dropped slightly from 1996 to 1997. The

fertilizer prices relative to those of milled rice increased over the period 1994 to 1997

implying that fertilizer prices outweighed rice prices over that period. Since fertilizer is

a critical input in rice production in the ON, an increase in its relative prices raises the
issues of input cost and use efficiency.

Indeed, the relative prices on both tables 1 and 2 need to be compared to the

marginal physical product or the marginal unit of rice produced from each unit of

fertilizer, bringing about an allocative efficiency issue. In other words, one needs to

compare the value of the rice produced with an additional unit of fertilizer (MVP of
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fertilizer) with the fertilizer price in order to identify the efficiency with which fertilizer
is used by farmers, the potential demand for fertilizer and any opportunity for costs
reduction. In other words, only if the marginal value product of fertilizer exceeds its unit
cost will further purchases of this input be profitable and the most profitable level of
fertilizer will be that for which marginal value product of fertilizer (MVPn) equals it
unique cost P(Xn). In term of demand, the graph of MVPn against the use of Xn may
be interpreted as a farmer’s demand function for this input indicating the quantity that

he should purchase at various factor prices.

jut————— ]
[

o8
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Yeor
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Figure 3 : Relative Prices of Urea and Ammonium Phosphate (AP),
Mali, 1992-97.

Source: Derived from ON raw data by the author
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ii) The liberalization of the input/output markets:

The Malian rice market was liberalized in 1986 and rice farmers in the ON were
allowed for the first time to sell their production in the market. Prior to 1986, they were
obliged to sell their entire marketable surplus, at the official price, to the ON rice mills.
In addition, the fertilizer market was liberalized in 1994, attracting more attention to the
input and output price relationships and stimulating the debate about input demand

and supply issues.

iii) The Devaluation of the CFAF currency:

On January 12, 1994, the exchange rate between the CFA franc and the French
franc dropped by half, from 1 FF = 50 CFAF to 1 FF= 100 CFAF. The argumeat for
devaluation is that changing the nominal exchange rate will increase incentives for
domestic production of tradable goods (exportable goods and import-substitutes) and
discourage domestic consumption of those goods (Staatz et al., 1994). This process is
supposed to lead to re-establishment of external balance in foreign trade and greater
intersectoral balance in the domestic economy.

Sanders ef al. (1996) argued that the devaluation in 1994 will have a short-run
effect in reducing the demand for imports of inorganic fertilizer, but that a long-run
effect will be to increase prices of domestically produced food as imported agricultural
products become more expensive. However, to the author’s knowledge, no empirical
studies have been carried out on the impact of input/output market liberalization and

the 1994 currency devaluation on the fertilizer market in the ON. Malian economic
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policy-makers and researchers, however, need to know the answers to two key questions.

First, how have market reforms affected the demand for and supply of fertilizer in the
ON? The answer will depend in part on how these changes have affected the
profitability of producing rice and other commodities in the ON. Second, what actions
(if any) should be implemented to improve the performance of the inorganic fertilizer
subsector in the ON? The relevance of the foregoing questions is at three levels. First,
the ON has been the most important rural development agency in Mali with regard to
irrigated rice production, processing and marketing. Since the early 80s, the ON has
become part of a comprehensive reorganization process under the structural adjustment
programs in order to improve its performance, but particularly to increase the self-
reliance and socio-economic position of its rice farmers. It is believed that the reforms
within and outside the ON open the perspective that the country might become a
competitive and self-sufficient producer of rice in the 1990s (Sijm, 1992). Therefore, it
becomes important to carry out a study in order to answer some of the questions that
policy makers and researchers are concerned about.

Second, a study on demand for inorganic fertilizer can enhance the efficiency of
resource planning on the supply of fertilizer and related inputs. The knowledge about
the importance of factors affecting demand can enable the private sector to act not only
on the planning of supply but also on relaxing the factors that constrain the fertilizer
demand at the farmers’ level. Finally, policy makers interested in transforming
agriculture in general in Africa and specifically in Mali need empirical knowledge not

only at the macroeconomic level but also at the microeconomic level in order to see
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whether the market reforms are performing well.

This paper outlines an approach to answering research questions about the
differeat rice production systems in the ON:
(1)  What is the level of the demand for fertilizer at the ON given current
And Possible future prices?
(3) At what level can ON support a private-sector fertilizer distribution

system?

These research questions will be answered against the working hypotheses stated
below. We have two working hypotheses related to the demand for fertilizer at the farm
level after the market reforms:

1) Effective demand for fertilizer still exists across rice production systems

in the ON given current prices
2) There exist a production and a fertilizer demand levels at which the ON

can support the private distribution system private sector

The primary objective of this paper is to describe how to carry out a study to
the impact of the fertilizer sub-sector reform program on the demand for fertilizer
in the Office du Niger. The specific objectives of such a study would be:

(1) To evaluate the potential demand for fertilizer by farmers in the ON rice
production systems,

(2) To assess the capacity of the ON to support a private sector fertilizer
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distribution system.

(3) To provide from the results of the study insights about the incentives of
farmers to use fertilizer and the costs involved in supplying it. This
procedure will help evaluate the capacity of the ON to support a private
sector fertilizer distribution system and suggest any policy changes needed to

overcome problems.
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CHAPTERII - THE SETTING

2-1- Introduction

This chapter reviews the effect of structural adjustment policies on the fertilizer
subsector, with particular attention to empirical studies. This discussion helps to
understand the conceptual framework and the research problems. Section 2-2 reviews
market reform in the ON. Section 2-3 discusses the fertilizer subsidy removal. Section
2-4 discusses studies that focus on the impact of the CFAF devaluation on the
agricultural sector.
2-2- Market Reform in the Office du Niger

Market liberalization is implemented through a number of measures including
price liberalization, the promotion of the private sector, removal of quantitative and
administrative controls, reduction in the role of the state in direct buying and selling of
goods, and actions to increase the efficiency of operations which remain with the state.
The full process, called structural adjustment, has been implemented in Mali for many
years. The adjustment policy towards liberalization and privatization started in Mali in
1981 with the cereal market restructuring program, aimed at raising farmers’ incentives
to produce more for the market (Dione, 1989). The rice market was liberalized in 1986,
and rice farmers in the ON were allowed for the first time to sell their production in the
market after deduction for water charges and credit. However, the ON was required to
defend a minimum guaranteed producer price of 70 CFAF/kg for paddy. Thus, when

the market offered less than 70 CFAF/kg, farmers sold paddy to the ON, adding to the
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paddy the ON already collected to reimburse it for water and other inputs, thereby
creating a large quantity of paddy to be handled.

Dembélé (1994) reported that the ON was caught in the reform process with
three structural constraints, the main one being that the ON administration had no
prior marketing expertise and had to learn how to deal with private rice traders. The
ON was increasingly unable to fulfill the rice marketing functions as satisfactorily as
before. Cisse et al. (1993) reported that farmers in all systems were complaining about
the Iate removal of paddy by the ON from the villages, the late payment of the money
when paddy was removed, the nonpayment of the rebate related to the bags and the
weight differential between paddy weighed in the villages and the same paddy
reweighed by the ON at the rice processing factories. But despite all the problems raised
by farmers in the early stages of the reforms, farmers preferred to deal with the ON
instead with the private channel, which they perceived as full of risk and uncertainty.
As reported by many farmers, the uncertain open market price of rice has made the
production of vegetables (where this possible) an important enterprise in
complementing incomes (Cisse ef al., 1993). However, by 1994, the situation had
changed. Diarra (1994) indicated that the producer price offered by the ON (70
CFAF/kg) was not that favorable. By 1994, the average paddy prices have increased
since liberalization. It also appeared that the own-mill-sell or the buy-mill-sell activity
was more profitable than custom milling activity. Once farmers were free to sell to
others, the small, private mills quickly outbid the ON for rice by offering prices higher

than 70 CFAF/kg. Diarra (1994) reported that, at market prices of milled rice as low as
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CFAF 122 per kg, many private processors were still making money from own paddy

processing or buy-mill-sell rice activity. However, major constraints were found to be
detrimental to the performance of the own milling activity. Indeed, if the quality of
paddy processed happened to be poor, any significant decrease in the market price of
milled rice could undermine the profitability of this activity. Storage costs combined
with the erratic rice import policies also appeared to be very important factors affecting
the farm prices of milled rice, the marketing costs of milled rice, and the profitability of
own paddy milling activity.

In the ON, most of the fertilizer consumed was obtained through seasonal credit
from the National Bank for Agricultural Development (BNDA) and the Dutch-financed
Arpon project, through its lending agency called “Fonds de Development Villageois”
(FDV). Farmers in the ON reported that the price of fertilizers supplied by the FDV was
high (5370 CFAF/S0kg of urea, that was 107.4 CFAF/kg and 6160 CFAF/S0kg of
ammonium phosphate, that was 123.2 CFAF/kg), whereas the price offered by the ON
for one kilogram of paddy was low (70 CFAF/kg).

Furthermore, the farmers interviewed by Cisse ef al. in 1993 questioned why the
price to be paid for fertilizer was not disclosed at the time of delivery. They suggested a
decrease of the price of fertilizer if the price of paddy could not be increased. It was in
this socio-economic context that the liberalization of fertilizer market happened,
drawing more attention to the input/output price relationships, a critical determinant in
farmers’ decision-making regarding rice production.

The complete liberalization of the input markets in 1994 stimulated the
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participation of private dealers in the supply of fertilizer, enabling more competition and

thereby offering more choices to farmers in fertilizer supply. The problem was that in
most cases, farmers, who lack technical and functional knowledge about fertilizer,
couldn’t verify the quality and the right type of fertilizer. Malga (1993) reported that
the FDV undertakes the control of fertilizer quality by simply checking the color and the
shape of the granules and by reading the documents provided by traders. However, the
FDV refuses to take responsibility for any wrong type of fertilizer delivered to farmers.
In addition, among other constraints, inadequate financing of private firms and of
fertilizer purchases at the farm level have been identified as major problems following
market reforms (Gerner et al., 1996).

Minot (1991) addressed explicitly the impact of a fertilizer subsector reform
program in order to provide an understanding of fertilizer use in Cameroon. He
reported that privatization there had sharply reduced costs, so that farm-level fertilizer
prices rose by only 28% from 1988 to 1990. Minot reported that without any reduction
in cost, farm-level fertilizer prices would have doubled over the first two years of the
program. However, from the point of view of the farmer, of course, this was still a
significant increase. Moreover, with a 50% drop in coffee prices and late payment for
coffee, a substantial drop in fertilizer demand has been observed, taking the form of
fewer users and smaller quantities bought by users, implying that both the price of
coffee and the payment period were factors affecting the consumption of fertilizer.
However the computation of the value cost ratios would have shed some more light on

the issue of fertilizer demand -related problems.
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2-3- Fertilizer Subsidy Removal

The term “ subsidy” is defined in the Longman Dictionary of contemporary
eaglish as the money paid, especially by the government or an organization, to make
prices lower or to make it cheaper to produce goods. As such, input subsidies remain a
seagitive issue in the food policy debate, not only in Mali but also in many parts of the
world. Gittinger (1982) defines the term subsidy as a transfer payment, that is, a
payment made without receiving any good or service in return (except, perhaps, the
service involved in making the transfer payment). He distinguished between two types
of subsidy: a direct subsidy and an indirect subsidy. A direct subsidy is a payment
made by a government to a producer (such as a farmer) and is a direct transfer
payment. An indirect subsidy may occur when manipulation of the market produces a
price other than that which would have been reached in a perfectly competitive market.
The benefit received by a producer or consumer as a result of this difference constitutes
an indirect transfer payment through money taken by the government from some
people to give to others. The government may deficit finance the transfer. In that case,
the resulting deficit imposes costs on others, eg., through inflation or higher interest
rates.

In Mali, some proponents of fertilizer subsidies believe that their removal
through the structural adjustment programs will pose major risks to food security (Sijm,
1992). Coulibaly (1993) reported that there are claims in the literature that the removal
of fertilizer subsidies have decreased fertilizer consumption in Mali since 1982 and

therefore contributed to the expansion of area under cultivation rather than improving
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the productivity ef existing fields. Opponents to subsidies argue that their use
encourages wasteful and misdirected use of resources because the prices no longer reflect
real costs (Bumb ef al, 1992). Input subsidies in this view therefore are generally
considered inefficient as a mean of increasing output and can be eliminated without any
harmful economic consequence.

Streeten (1987) reported that low prices of agricultural products are often partly
offset by subsidies to inputs such as fertilizers, credit, tractors, pesticides, seeds and the
service of infrastructure. In some cases the subsidies are intended to compensate for the
protection of high-cost industries, such as fertilizer, farm chemicals and tractors. They
are then ‘distortions’ that compensate for other ‘distortions’. Streeten (1987) argued
that subsidies to inputs can be useful to encourage farmers to use a new input (that is,
to help them learn what the MVP of the input is), or where external economies are
important, so that benefits accrue to others, in addition to the farmer using the input.
But subsidies also often have some undesirable effects. First, they tend to encourage the
inefficient use of subsidized inputs, for example, the waste of subsidized water. Second,
they encourage the use of certain types of input, such as fertilizer, but not of the most
abundant factor, labor. Consequently, they may encourage substitution of a scarcer
factor for a more abundant factor. Third, subsidies may benefit mainly larger or richer
farmers at the expense of the poor and small farmers.

The second point cannot be applied to the Malian context, where fertilizer is a
complement to labor in crop production in most parts of the country. Indeed, fertilizer

increases the yields of both crops and weeds, which leads to higher labor demand. Thus,
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subsidized fertilizer may increase demand for labor. The third point was observed in

Korea and in Kenya, where subsidies in fact benefited the large and rich farmers and, if
accompanied by rationing, can actually deprive the small and poor farmer. Fourth, if
different crops, such as cotton, wheat and rice, use the subsidized input, say water, in
different proportions, the subsidy will encourage increased production of the crop using
most of the input, at the expense of the others, which is an unintended result. Fifth, if
the subsidized input is exported at a profit, or smuggled abroad, the price paid by the
domestic producer can be higher than it would have been in the absence of the subsidy,
or it may cease to be available altogether.

Streeten (1987) reported that an unintended result from input subsidy policy was
observed in Bangiadesh. He described the event as follows: Bangladesh reduced its
initial large fertilizer subsidy after 1979 from 10 per cent of the development budget
(and S0 per cent of the fertilizer unit cost) to 2.4 per cent (and 17 per cent of the fertilizer
unit cost). This, combined with large increases in irrigation and water control
investment, resulted in more fertilizer being available to farmers, and a growth in
fertilizer sales of over 10 per cent per year, whereas before there were frequent shortages
and high unofficial prices. Renfro (1992) explained that part of the observed growth in
fertilizer consumption in Bangladesh was due to the consistently high marginal return of
fertilizer to crop production and to the relatively low fertilizer price elasticity of demand.

Roth and Abbot (1990) report similar results from their study in Burkina Faso.
Roth and Abbot explained that removing input subsidies would have negligible effect on

output, demand, prices, or trade in Burkina Faso, because the marginal value of
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fertilizer exceeded the unsubsidized price in all regions. Gittinger (1982) explained that
if a farmer is able to purchase fertilizer at a subsidized price, that will reduce his costs
and thereby increase his net benefit, but the cost of the fertilizer in the use of the
society’s real resources remains the same. The resources needed to produce the fertilizer
(or import it from abroad) reduce the national income available to the society. Hence,
the full cost of the fertilizer must be included for economic analyses in order to remove
the distortion from the subsidized price.

The foregoing literature shows how complex the debate is regarding fertilizer
subsidy removal on the demand and Supply sides and on the level of output. How this
policy has affected the irrigated rice production system in terms of efficiency,
profitability and demand for fertilizer in rice production needs to be answered. One
important lesson we should draw from the debate regarding fertilizer subsidy removal is
that the demand for fertilizer will likely exist so long as its use by farmers remains
profitable.

2-4- The CFA Franc Devaluation

Sanders ef al. (1996) argued that the devaluation in 1994 will have a short-run
effect in reducing the demand for imports of inorganic fertilizer, but a long-run effect
will be to increase prices of domestically produced food as imported agricultural
products become more expensive. Staatz ef al. (1994) raised the issue that “if the aim of
the devaluation is to change relative prices of tradables and non-tradables, the first
question to ask is whether it has had this effect. Have prices really changed in the

economy? If so, what has been the pattern?” A study carried out by Boughton ef al.
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(1994) revealed that the 50% devaluation of the CFA franc resulted in a 40% increase in

the cost of imported fertilizers, leading to a reduction of the profitability of inteansive
maize. Dembélé (1996) reported that a recent studies by IFDC-Africa on restoring and
maintaining the productivity of African soils showed that “the primary effect of the
withdrawal of fertilizer subsidies and the devaluation of local currencies has been to
reduce the value cost ratios (VCR') of fertilizer use on rainfed food crops to well below
two. Heady and Dillon (1961) defined the marginal productivity of Xi, the i-th input as
follows:
dY /dXi =bi. Y/Xi

where Y is production or output and bi the estimated coefficient with respect to the i-th
input Xi. Heady and Dillon (1961) stressed that the most reliable, and perhaps the most
useful estimate of marginal productivity is obtained by taking Xi at it geometric mean,
i.e. at the value where logXi assumes its arithmetic mean. Also Y should be the estimated

level of output when each input is held at its geometric mean. The marginal value

! The VCR is an efficiency indicator in measuring the economics of input use. For
fertilizer use we have:

VCR = MVP/MC; or VCR = FRC*( product unit price/fertilizer unit price)
where FRC is the fertilizer response coefficient. Thus, Value/cost ratio is determined by the
fertilizer response coefficient, fertilizer price paid by farmers, crop price received by the
farmers, and associated fertilizer costs (such as labor cost and credit costs) borne by the

farmers.
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productivity of Xi can thus be obtained as follows:

Py dY/dXi = biY/Xi Py where Py is the price per unit of output Y.

Tessio (1996) found that recent CFAF devaluation increased the price of fertilizer
from 143 to 275 CFAF/kg, leading to a sharp decrease of VCR for all food crops in all
regious in Togo. He reported also that Togo has embarked on a Structural Adjustment
Program (SAP) since 1983. The subsides on fertilizers were removed gradually until
1987. This removal also contributed to the decrease of the VCRs.

In the ON, many studies treating questions related to the profitability of rice
cultivation before and after the devaluation of the local currency have been carried out,
but none of them explicitly addressed questions related to efficiency, profitability and
potential demand for fertilizer. For example Deme (1993) provided the structure of costs
and returns per hectare of paddy production without indicating what proportion of the
costs was attributed to fertilizer. In simulating the effect of the currency devaluation,
some of the critical factors should have been taken into account. They are:

i) the frequent variation of the price of products and,

ii) the ability of farmers to buy fertilizer.

The implementation of scenarios involving the above factors could have provided
more insight into the effects of the currency change on the profitability of fertilizer in
rice production.

After the CFAF devaluation, Coulibaly ef al. (1994) suggested other exogenous

factors like rainfall and diseases were critical in explaining the level of paddy production.
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They argued, for example, that the declining yield in the 1994/95 cropping season in the

ON could not be attributed to fertilizer since the quantity used per hectare did not
change during the indicated year, implying that the absolute price increase of fertilizer
fellowing the devaluation did not discourage farmers from using the same quantity of
fertilizer as before. This implication was contrary to the conclusion of their study, that
the currency devaluation prevented farmers from increasing the quantity of fertilizer
used per hectare of rice. In figure 2, the increasing trend observed in the relative prices
of fertilizer in the ON indicated that the relative prices of fertilizer have increased from
1994 to 1997 bringing about the issues of input cost and use efficiency.

The study carried out by Del Villar et al. (1995) was intended to assess the
impact of devaluation on the income and strategies of rice farmers at the ON. One of
the findings of the study was that there was a differential impact of devaluation on the
different types of farmers in the ON. The study found that the return per hectare of rice
production has increased but was variable from one farmer to another within a given
system and from one system to another. However, which specific type of farmers won
or lost from devaluation was not stated in the report. Similarly, issues related to
effective or potential effective demand for imported goods like chemical fertilizers were
not explicitly addressed. For example, the expected increase of the level of inflation to
30% and the price of fertilizer by 15% were stated in the report as major sources of
concern about the profitability of fertilizer and other imported farm inputs. Obviously,
this concern calls for an assessment of the impacts of devaluation on the demand and

supply of these inputs.
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Diagana ef al. (1995), using a linear programming framework, reported that the
price changes brought about by the currency devaluation did not influence the cropping
pattern and technology choices by peanut and millet growers in Senegal. Despite this
finding, Diagana ef al (1995) suggested further analysis involving a multiperiod

programming approach taking into account the aspect of risk in the model.
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CHAPTER III - CONCEPTUAL APPROACH OF THE DETERMINANTS OF

FERTILIZER DEMAND

3-1- Demand for Fertilizer Under Perfect-Market Conditions

Assuming that profit maximization is the ultimate goal of farm business, profit
will be maximized where the level of inputs is set such that the marginal value product
(MVP) of variable inputs are equated with their marginal factor costs (MFC), given
competitive markets, certainty, and no input supply constraints. In other words, profit
will be maximum when the marginal physical product of input use is equal to the price
ratio of input and crop output (MPP=PF/PQ). The magnitude of all these variables,
hence the economics of fertilizer use, can be manipulated through fertilizer policy and
through biological research that raises the marginal physical product of fertilizer. The
difference between the MVP and the acquisition cost of the resource indicates the scope
of resource adjustment necessary to attain the economic optimum.
3-2- Demand for Fertilizer Under Imperfect-Market Conditions

As reported by Mudahar (1978), the knowledge about yield response to applied
fertilizer forms the analytical basis for the economic analysis of fertilizer use at the farm
level, which, in turn, forms the basis for fertilizer policy formulation at the national level.
The fertilizer response is determined by a large number of factors, including crop, crop
variety, irrigation, soil quality, type of fertilizer material, management, and other agro-
climatic factors. Given the fertilizer response function, the optimum level of fertilizer use

is determined by econmomic factors, including constraints and risk associated with
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fertilizer use. Given these considerations farmers will use fertilizer only if its use is
expected to be profitable.

Given a budget constraint due to cash flow problems (imperfect capital market),
the level of fertilizer use may lower than the economic optimum. Under the budget
constraint, the level of fertilizer use can be expanded by relaxing these constraints
through appropriate credit. In the short run and no budget constraint, the optimum
level of fertilizer use can be increased by lowering the input/output price ratio (eg.,
through fertilizer subsidy and/ or crop price support policies). Improved roads, by
lewering transport costs for both inputs and outputs, also raises farm-level output prices
and lowers farm-level input costs, thereby making fertilizer use more profitable.

Mudahar (1978) stressed that in the long run, fertilizer use can be increased by
raising its productivity through an upward shift in the response function (that is,
increasing MPP). This can be accomplished through developing better fertilizer
materials, better management practices, and better crop varieties with higher fertilizer
respouse. Finally, water, being a key complementary input to fertilizer use, can shift the
response function through better irrigation facilities and water management.

3-3- Rule of Thumb: the VCR

Mclntire (1985) argued that monetary return is the basic determinant of
fertilizer demand. In other words, farmers will not use fertilizer if it is not profitable.
Logically, profitability of use can be regarded as a prime factor, for farmers’ acceptance
of a particular input depends upon its profitability. Evidently, the relative level of

fertilizer price vis-a —vis agricultural product prices determines the rate of use.
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However, the extent to which the price factor determines levels of fertilizer use and

ultimately, growth in demand, needs to be examined in the light of a given situation.
The price of fertilizer does not affect the demand for it so long as additional returns
cover the additional cost. In the areas where the range of profitability of fertilizer use is
sufficiendy high and yet rates of fertilizer applications are low, implying that farmers are
using fertilizer at sub-optimal levels, the price of fertilizer is hardly a disincentive to the
farmer in extending fertilizer demand. Possibly, the level of fertilizer demand is
significantly affected by the technological change, ie. variations in technical coefficient
of output response to fertilizers. This study intends to examine the relevance of changes
in product and factor prices on the demand for fertilizers by farmers at the ON in the
changing environment.

Mudahar (1985) reported that the profitability of fertilizer use can be
determined by evaluating value cost ratios (VCR). The VCR is an efficiency indicator
which compares the value of the incremental crop output (MVP) due to the use of
fertilizer with the per unit cost of fertilizer used (MFC) (Tessio, 1996). It highlights that
both expected revenue and input cost determine the viability of fertilizer use (Demeke e
al., 1996).

I it is efficient to use fertilizer up to the point of MVP = MFC, then efficiency
requires use of fertilizer until VCR = 1. However, to motivate farmers to use fertilizer in
the risky environment, some higher levels of VCR have been suggested. Tessio (1996)
reported, for example, that the minimum VCR required is 2 in order to induce farmers

to use fertilizer. For sub-Saharan Africa many authors argue that the minimum
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acceptable VCR has to be greater than 2 to motivate farmers to adopt seed-fertilizer

techmology given the level of risk involved. For Mali, for example, Sijm (1992) reported
VCRs for the fertilization of millet ranging from 1.2 to 2.1, and for rice, ranging from 2.2
to 3.8. He suggested that for poor and risk-averse peasants who have to operate under

rainfed agricultural conditions and high marketing uncertainties, such as in Mali, a
VCR of at least 3.0 might be more useful to encourage farmers to invest in fertilizer.

However, Mudahar (1978) argued that when the farmer makes a decision to use
fertilizer based on MVP greater than or equal to 2 MFC decision rule, he or she is
making an irrational decision because the farmer can increase his profit by using more
fertilizer up to a point when the MVP = MFC equality is satisfied (ie., where VCR = 1).
Mudahar pointed out that farmers in Asia, Africa, and Latin America are economic
men and women and make rational decisions within their decision environment. In
their own calculations, farmers tend to use fertilizer to a point, which roughly equates
MVP with MFC, in the absence of budget and fertilizer constraints.

Mudabar provided two possible explanations for the discrepancy between
farmers’ decision rule of MVP = MFC to determine the level of fertilizer use and the
perception that in determining fertilizer use farmers are guided by the decision rule of
MVP greater than or equal to 2 MFC. The first explanation is that the alleged decision
rule is not a correct representation of farmers’ decision-making process of determining
optimum fertilizer dose. The second explanation is that the rule is correct but
oversimplifies the process of determining optimum fertilizer dose. These explanations

were tested by using nitrogen response function for rice under alternative assumptions
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and policy regime in Orissa (India) and Arkansas (US). For standard risk-neutral

model, the optimum fertilizer dose was determined by assuming (1) MVP=MC decision
rule, (2) mo yield or price risk, (3) no fertilizer or budget constraint, (4) no credit cost,
and (5) no other fertilizer-related costs. Under these assumptions, the derived optimum
fertilizer dose is very high and the corresponding MVP/MC ratio was one. In order to
test MVP>=2MC (or MVP/MC>=2) decision rule, the optimum level of nitrogen (N)
from adjusted risk-neutral model was estimated first. Next, the MVP and MC were
estimated from standard risk-neutral model by using N determined by the adjusted
risk-neutral model. The corresponding MYP/MC ratio turned out to be 1.39, which was
less than 2. Similarly, an estimate of MVP and MC from standard risk-neutral model
were made by using the optimum level of N from the adjusted risk-aversion model. The
corresponding MVP/MC ratio turned out to be 1.94 for Orissa. For Arkansas this ratio
was 1.67. In both cases MVP less than 2MC were observed. However, for Orissa the
values of MVP and 2 MC were so close that it was tempting to accept the validity of
MVP>=2MC decision rule for fertilization. However, it was concluded that since the
case of Orissa could also be a mere coincidence, there was a need to estimate these
coefficients under different conditions (Crops, varieties, soil types, and environment) to
further test the hypothesis. However, Mudahar pointed out that it may not be the best
strategy to generalize the MVP>=2MC decision rule to determine farmers’ fertilizer
adoption and use criteria. Rather all the relevant variables need to be incorporated
since their importance varies across farms, cropping systems, regions, and policy

programs . In any case, we need to bear in our mind that the target VCR may need to
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be high enough to motivate farmers to use fertilizer in a risky environment (¢.g., VCR =
2). This higher level of VCR is different from the efficient level of fertilizer use with a
VCR equated to 1.

In general in the ON, farmers face many constraints affecting their decisions to
use fertilizer. The first critical factor affecting the level of fertilizer used for rice
production in the ON is the access to seasonal credit from formal sources (FDV and
BNDA) and from informal ;oumu (relatives, moneylenders, traders). The second
critical factor affecting the level of fertilizer used involves various factors like the price of
the fertilizer itself, the price of paddy in the market, the availability of family and hired
sources of labor, the size of the rice plot, the quality of the rice plot, the level of the
interest rate, and farmers’ perception about risk.

Another serious constraint facing the fertilizer delivery operations in the ON
zone is the poor condition of the rural roads during the rainy season. This makes
difficult, if not impossible, the delivery of fertilizer to farmers at the right time, right
place and right quantity. In most cases fertilizers are delivered many months ahead of
the right time because of the inaccessibility to farming areas at the rainy season. Then
fertilizers are stored in poor conditions before their application. During the storage
period, the quality of the fertilizers decreases while at the same time the interest
payment increases, aggravating the high default rate in credit reimbursement. For
example, Weijenborg (1993) reported that the loan recovery rates (percentage of loans
due) by the FDV agents in the ON were only 1% and 5% in February and March 1993,

respectively. As a consequence, the amount of overdue loans in 1993 cropping season
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accounted for 44% of the total amount of credit disbursed, reducing drastically the total

liquidity for lending. Weijenborg also reported that in 1992, the rate of repayment of
the loan disbursed by the BNDA in the ON was so low that the BNDA expressed a
serious concern about its lending activity in the future. Both the FDV and the BNDA
were seeking the best strategy to overcome the problem of low repayment rates and
cutting down their operating costs. It becomes clear that any improvement in the
logistics and transportation systems and credit arrangements may help improve
coordination and productivity.

Another factor, which can be a potential constraint to the demand for fertilizer is
that most of the rice production systems in the ON are not fully, restored. This creates a
high risk related to fertilizer use and its payoff. Moreover, the low rate of credit
reimbursement by most farmers in the ON prevents them from gaining access to
fertilizer from the FDV.
3-4- Risk Considerations

The amount of fertilizer that any farmer will use will depend on anticipated yield
response, expected product prices, fertilizer costs, capital stock and/or credit availability,
the degree of risk and uncertainty that the farmer must take and his ability to absorb
such risk (Falusi, 1973).

Given the input prices, returns from fertilizer use vary greatly on account of
changes in size of response due to variations in climatic and physic al factors. Physical
properties of soil, availability of supplementary nutrients, and climatic and rainfall

conditions affect the size of response to a considerable extent. Among these, a close



4
relationship exists between rainfall and crop response to fertilizer use, even in the ON

during the pre-irrigation period.

Mudahar (1985) reported that the factors contributing to low fertilizer demand
include (1) low fertilizer response, (2) high fertilizer cost, (3) low crop prices, (4) high risk
of losing money as a result of the variability in fertilizer response and prices, (5) lack of
cash or credit, (6) lack of knowledge, and (7) lack of complementary farm inputs such as
fertilizer-responsive crop varieties, water, and insecticides. Gerner ef al. (1996) found in
Africa that in addition to aggregate fertilizer supply constraints, high procurement and
distribution cost, timely availability of the right types of fertilizers, foreign exchange
constraints, lack of adequate financing of private firms and of fertilizer purchases at the
farm-level have been identified as major problems following market reforms. In
Ethiopia, Demeke ef al. (1996) found that there is a relationship between input market
and grain market performance. In other words, the performance of the grain marketing
system in Ethiopia strongly influences the profitability of fertilizer use by farmers. They
concluded that efforts to reduce grain-marketing costs should be viewed as a critical
component in the overall strategy to stimulate fertilizer demand and crdp productivity.

In the regions where irrigation facilities are inadequate, for example in the semi-
intensive and non-restored area in the ON, the amount and distribution of rainfall
influences the level of fertilizer use considerably. Moreover, where fertilizer application
is spread over two to three of applications, ie. as a basal dose and top dressings, the
amount of rainfall has a greater impact on rates of applications. In general, use of

fertilizers varies with amount and regularity of rainfall.
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In the conditions of irrigated farming, for example in the intensive system in the

ON, where availability of water can be regulated as per cropping schedule, yield
uncertainty is considerably reduced. Secondly, intensity of cropping increases under
irrigated conditions; and fertilizer needs are felt more on account of continued cropping-
sequence or multiple cropping. Thus, the response to fertilizer use is higher whea
irrigation is available. Therefore, the extent of irrigation plays a vital role in
determining levels of fertilizer use. Rates of application of fertilizers increase with
cultivation of higher yielding varieties, and the extent of adoption of these varieties
stimulates growth in fertilizer demand.
The factors affecting the use of fertilizer at the ON have been discussed in section 3-
3These factors are sources of high risk and uncertainty related to the use of fertilizer and
its payoff. One of the consequences of this problem is that the recommended levels of
fertilizer from agronomic experiments are not applied at the farm level. Most farmers in
the ON were feeling insecure after the removal of the guaranteed marketing outlet at
official producer prices. Indeed, prices of input and output fluctuate with the changes
in supply and demand. Rice yields vary substantially with the variable level of rainfall
and irrigation water, the outbreak of weeds, insects and diseases.

The occurrence of the foregoing events results in income variability. However,
one of the challenging objectives of any household head in any year in the ON is to
obtain a minimum income from rice production to meet the household’s financial
obligations. Amnother challenging objective for any household head in the ON in any

year is to meet the minimum level of rice self-sufficiency. The quantity of rice needed to
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cover the minimum level of self-sufficiency varies across systems in the ON and can
reach on average 40 per cent of the total rice production (Cisse e al., 1993). This
cousideration must also be included in the analysis.

3-5- Financial and Economic Analyses

Financial and economic analyses are complementary in that the financial
analysis takes the viewpoint of the individual entrepreneur and the economic analysis
that of the society as a whole. Despite the complementarity between the two concepts,
three important distinctions must be kept in mind (Gittinger, 1982).

First, in economic analysis taxes and subsidies are treated as transfer payments
to or from the government, which acts on behalf of the society as the whole, and are not
treated as costs. In financial analysis taxes are treated as a cost and subsidies as a
return.

Second, in financial analysis, market prices are normally used. These take into
account taxes and subsidies. From these prices come the data used in the economic
analysis. In economic analysis, however, some market prices may be changed so that
they more accurately reflect social or economic values. These adjusted prices are called
“shadow” or “accounting” prices.

Third, in economic analysis, interest on capital is never separated and deducted
from the gross return because it is part of the total return to the capital of the society as
a whole and because it is that total return, including interest, that economic analysis is
designed to estimate. In financial analysis, interest paid to external suppliers of money is

deducted to derive the benefit available to the owner of capital. But, interest imputed or
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“paid” to the entity from whose point of view the financial analysis is being done is not
treated as a cost because the interest is part of the total return to the equity capital
contributed by the eatity. Hence, it is a part of the financial return that eatity receives.

Barry (1994) reported that in most developing countries, it is common to mote
that resources are not allocated efficiently because either input markets or output
markets, or both, function imperfectly, owing to not only market failures, but also to
government interventions, through its fiscal and pricing policies. Examples of
government interventions are protective tariffs, import bans, pan-territorial and pan-
seasonal prices. With such interventions, market prices may differ from social
opportunity costs and government-induced prices may lead to suboptimal resource
allocation. In this respect, private profitability may differ from social profitability,
which is the true measure of the efficiency of resource allocation because inputs and
output are valued at their opportunity costs or shadow prices.

Assuming that the domestic market prices of agricultural inputs and products
were distorted before the CFAF devaluation in 1994 means that these prices did not
reflect their scarcity value (social opportunity cost) because of government intervention.
The economic analysis uses prices from which all market distortions or taxes have been
removed. All subsidies and taxes are considered as transfer payments between groups of
producers or consumers in the same country. Furthermore, if any inputs or products are
imported, then not only must taxes and subsidies be removed in the valuation of these
goods but also an adjustment be made for the rate of exchange.

Stryker et al. (1987) found that the Malian local currency was overvalued by 33-
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37 percent during 1981-1985 period. The method employed consisted of correcting the
level of the official exchange rate (Eo) by adding a term that adjusts it to the rate that
would need to prevail in the market for foreign exchange if there were no current
account deficit.
For small deviations, this equilibrium rate of exchange E" can be approximated

by:E" = Eq + Eo (DEF/(eEXP + e,IMP))

Where E, is the official exchange rate, DEF is the current account deficit, IMP is the
existing level of imports, EXP is the existing level of exports, e, is the elasticity of supply
of foreign exchange, and ¢, is the elasticity of demand for foreign exchange. The values
of these elasticities were roughly estimated as e, = 1.0 and eq = 2.0. Stryker ef al. (1987)
argued that if the distortions in domestic prices resulting from price controls and from
trade taxes and controls were acct;unted for, the exchange rate would almost certainly be
even more overvalued because of the high tariffs and the system of import controls.

Salinger and Stryker (1991) argued that in Mali, like in all CFAF countries, for several
years, the equilibrium exchange rate has been above the observed or official exchange
rate because of unsustainable current account deficits and trade policy distortions which
resulted in an excess demand of foreign exchange and led to extra borrowing and
excessive drawing down of foreign exchange reserves. The corresponding overvalued
exchange rate made imports, such as agricultural inputs, cheaper (ie, less domestic
currency paid out for imports) and the price of exports as well as the domestic prices of
non-tradables, particularly labor, more expensive (i.e., less domestic currency earned by

exports). In other words , Malians have paid a premium on traded goods over what
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they paid for non-traded. A rate of about 50 percent overvaluation of the CFAF has

been reported by Salinger and Stryker (1991) whenever the deficit was more important,
accounting for about 44 percent of the overvaluation. Thus, because the CFAF
cwirency was overvalued before the 1994 devaluation, it would be necessary to use an
adjusted rate to convert the price of goods traded in foreign currency into a domestic
equivalent in undertaking an economic analysis for years prior to 1994,

Economic analysis corrects the distortion in order to undertake any evaluation
oa the basis of the opportunity cost to the country as a whole of the resources invested in
the activities. For non-tradable goods such as labor, their social value is found by
estimating their social opportunity cost (ie., the net income foregone because the factor
is not employed in its best alternative use). In contrast, for tradable goods such as
fertilizers or paddy, the appropriate social value should be based on world prices
(expressed in domestic currency) because these prices represent the society’s choice to

permit consumers and producers to either import or produce those goods domestically.
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CHAPTER 4 - EMPIRICAL MODEL

4-1- Introduction

This chapter presents the analytical method that will be used in the proposed
study to the effective demand of fertilizer in the ON areas. The chapter consists of six
sections, and is organized as follows. The introductory section is followed by a section
that is devoted to a critical review of methods employed by researchers for estimation of
consumption of fertilizers. This section provides a justification for the selection of the
mathematical programming approach. The third subsection provides a review of the
conventional mathematical programming approach followed by section four, which
covers the parametric programming technique. Section five discusses the models to be
implemented in the study area. This section includes the expected results, the method of
aggregation of the potential demand for fertilizer, and the method of calculation of the
import parity prices for fertilizer. Chapter 4 ends with a section describing the
modification of the basic model to incorporate risk.
4-2- Review of Methods Employed for Estimation of Consumption of Fertilizers

Maharaja (1975) grouped the procedures researchers have used to estimate

fertilizer consumption into three types:
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(1) Need-based approach

(2) Area-crop-coverage approach; and
(3)  Regression approach.

The essence of the need-based approach is to plan for needed expansion in
agricultural production. Fertilizer requirements are calculated by using specific input-
output ratios in order to achieve the required or desired quantity of additional
production.

The essence of the area-crop coverage approach is to determine fertilizer
requirements by considering probable trends in cropping patterns and expected
coverage of area under fertilizers at recommended doses.

The broad framework of the regression approach is the prediction of fertilizer
demand based on time- series data and by accounting for the influence of one or more
variables on fertilizer consumption. In the regression approach, the estimation method
varies from trend fitting to multiple regression analysis based on econometric models.

The need-based approach virtually ignores the profiles of demand viewed from
the farmer’s angle. Such estimates are based on a priori assumptions; for neither are
they based on considerations of agro-climatic influences on growth of demand nor are
they assessed in the context of factors influencing farmers’ ability and willingness to use
fertilizers at different levels and in different proportions. It is always possible to deduce
from simple arithmetical exercises the quantity of fertilizers that should be used at

specified average levels to achieve certain levels of output. However, such estimates
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ignore the basic economic realities at the farm level.

The area-crop approach assumes rates of application of fertilizers at near-
optimum doses or at recommended doses. The estimates arrived at by this approach
overlook current trends in the rates of application of fertilizers on different crops and the
rates in the future that are likely to be adopted due to various dynamic factors.The
errors from this method, often in the direction of over-estimation, can be costly.

Econometric models identifying factors affecting fertilizer demand and
quantifying their significance for estimating demand at macro-level could provide more
realistic picture. Yet these econometric models can be inadequate om account of
collinearity problems among explanatory variables, causing the impossibility of
separating the effects of one component from another. The results from econometric
analysis may be sensitive to practical data availability and variable construction
preblems. Indeed the analysis requires adequate time-series or cross-sectional data for
all the relevant variables. Statistical problems aside, econometric analysis of historical
data to predict future responses is not without its difficulties. For example, in predicting
the outcome of a specific program proposal, econometric models are likely to be
inadequate as a predictive device if the new program provides a new set of institutional
restraints for, which there is no historical counterpart to use in estimating response.
Staatz (1997, personal communication) reported that one of the biggest limitations of
the econometric approach in the setting of countries like Mali where there have been
large changes in the rules governing the markets is that parameters estimated using

historical time series may be very poor predictors of future behavior in the new market



53
structure. A mathematical programming approach can overcome this problem by

directly simulating the current situation.

Indeed a mathematical programming based on the macro-economic and micro-
economic environments and followed by a sensitivity analysis or parametric
programming can produce better results. The programming approach has the
advantage of being able to derive optimal production and consumption plans, etc. to
satisfy a multiplicity of objectives, of taking into account the role of price, and of
specifying in considerable detail the constraints under which production, income
generation, and policy making are taking place (Sadoulet and De Janvry, 1995). In
recent years, programming models have been used extensively to address many types of
policy questions, including input demand analysis. The basic approach has beea to
validate the model for a base period, and then use it to simulate adjustments and
responses of economic agents to policy changes (McCarl and Spreen, 1980).

In deriving demand estimates by parametric programming procedures, a series
of related problems are solved in which the price of the factor of interest is varied from a
minimum to a maximum level. As the price of the factor varies, different levels of input
use become optimal and, in consequence, a series of price-quantity relationships is
developed. Flinn (1969) argued that the synthetic demand function derived by the
price-quantity relationship procedure is of a stepped nature because of the linear nature
of the production data, and the finite number of production alternatives and resource
restrictions considered. Therefore, the demand ‘curve’ derived by using linear

programming differs from the smooth curves of conventional theory. Flinn (1969)
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concluded that the derived demand curves, at best, can only be regarded as short run

estimates due to uncertainty about future prices, technologies and institutional
constraints which may be imposed on the system. Even in the short run, farm
managers’ decisions may vary substantially from the actions predicted by the linear
programming models of the farm firm. In particular, different subjective estimates of
managers in relation to crop yield and prices, and different attitudes may result in
farmers’ actual decisions differing, somewhat markedly, from those indicated as
optimal. In this study, the basic model will be modified to incorporate the risk
component. This procedure is discussed in subsection 4-5-5. The next section provides
more details about the conventional programming model, followed by section 4-4, which
discusses sensitivity analysis or parametric programming.
4-3- Mathematical Programming

Rae (1977) described mathematical programming as a planning tool used to
determine the best plan or course of action among which:

(a)  there are many alternatives for the plan;

(b)  a specific or numerical objective exists;

(c) the means or resources available for obtaining the objective are
limited.

The strength of mathematical programming lies in its ability to handle a large
number of interrelated variables and thus to cope with peasant farming systems that
are characterized by a high degree of interdependence between production and
consumption, consumption and investment, investment and resource availability, and

social and cultural constraints (Low, 1974). Beneke and Winterboer (1973) stressed
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that the great advantage of programming is that it allows one to test a wide range of

alternative adjustments and to analyze their consequences thoroughly with a small input
of managerial time. The question “what would happen if...?” can be posed repeatedly
and answered rigorously and quickly once the model is built. In a typical programming
analysis, the magnitudes of the marginal value productivities of fixed resources are
obtained as by-products of the conventional programming solution. The elements in the
Z-C row of the disposal activity columns represent the marginal value products of these
resources and are regarded as the measure of the ceiling that should be set in acquiring

extra resources.

The conventional programming model can be formalized as follows:

Max Z = C'X (0))
subject to AX < B 2)
andX =0 3)

where: Z = the value to be maximized

C =n by 1 vector of prices

X = n by 1 vector of activity levels

A = m by n matrix of input-output coefficients

B = m by 1 vector of variable factors or other restrictions.

In a programming model, activities can be grouped into (at least) five categories.

These are:
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(1)  production activities;
(2)  buying activities,
(3)  selling activities;
(4) storage activities; and (5)
(5) transfer activities: these activities provide a vehicle whereby the service

or output of one activity may be transferred in the model to another

activity.

The number of activities depends on the availability of data and on the objective
of the study. It is important to note that large and complex models are costly to develop
in terms of both time and money; and it is not always certain that the benefits to be
derived from using a more sophisticated model (in terms of greater precision of the
planning decisions derived from it) are sufficient to justify the cost Furthermore, the
solution of the programming analysis rests on the validity of the following assumptions
(Barnard and Nix, 1973):

1) all the enterprises under consideration must be linearly additive, excluding
the possibility of interaction in the amount of resources used per unit of
output, whether or not enterprises are produced alone or in various
proportions.

2) resources used (such as land, labor and capital) and the commodities
produced are infinitely divisible.

3) alimit exists to the number of alternative enterprises and resources, which

need to be considered.
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4) it is usually assumed that resource supplies, input-output coefficients, and
prices are known with certainty. This assumption of single valued
expectations may seem unrealistic for the farming situations in Mali.

5) the large element of fixed resources usually incorporated in the linear
programming matrix means that relatively short-term situations are being
studied. When solutions are not widely different from the current farm
organization, they may represent the farmer’s problems adequately. When,
however, they differ widely, several years may be required to attain the
suggested organization, as is true of longer-term planning in general. In such
circumstances, it may be preferable to use a technique in which a dynamic

element is incorporated.

Despite the limitations of the programming technique, its advantages outweigh
the limitations. Examples of the use of mathematical programming for farm planning
are many, including applications to planning peasant farms (e.g., Clayton, 1964; Heyer,
1971; Traore, 1979; Niang, 1980; Ogunbile, 1980; Etuk, 1982; Kamuanga, 1982; Maiga,
1983, Cisse, 1987, Camara, 1988, Ngwira, 1994).

Bernard and Nix (1973) outlined the main techniques developed to deal with some of the
conceptual criticisms of linear programming. These techniques and the inadequacies of

‘ordinary’ linear programming which are tackled by each of them are presented below.
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Table 3: Other Computer Programming Techniques

Techniques Shortcoming of Linear programming tackled by each
technique

Integer Programming

Separable Programming Structural

Moate Carlo Method Structural; Objectives

Parametric Programming Structural and Uncertainty - but only to a very limited
extent

Dynamic Dynamics; Objectives — to a limited extent

Linear Programming

Dynamic Programming Dynamic Primarily; Structural and Uncertainty also

Quadratic Programming Objective and Uncertainty

Stochastic Programming Objectives and Uncertainty

Game theory Objective and Uncertainty

Source: Adapted from Barnard and Nix (1973)

On the table above, structural refers to the assumptions of linearity and

continuity in a linear programming model. The latter means that ‘integer’, or

indivisible unit, cannot be dealt with in a fully acceptable manner. In addition, a linear

programming optimal plan may not suit the longer-term aims of the farmer. All these
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problems of longer-term planning require a ‘dynamic’ treatment rather tham the
‘static’ approach of linear programming. As discussed in point 4 above, linear
pregramming is ‘deterministic’, that is, it assumes single values for met revenues,
constraints and resource requirements, as though perfect knowledge existed. Since an
important aspect of a farmer’s objectives relates to his attitude to risk and uncertainty,
Bernard and Nix (1973) stressed that linear programming only maximizes within the
limits imposed and with the data given; thus allowances can be made for personal
preferences and, to some extent, for risk

Kamuanga (1982) used a one-period linear programming model to evaluate the
profitability from the introduction of five improved practices or intensification
techniques in the ON in 1982 under the current paddy price level of 60 Malian
francs/kg’. The results of the study indicated that across all LP runs, there was a strong
indication that the ON should concentrate the intensification program on small and
medium sized farms. Since then, the Oﬁ has been subject to many changes which have
been described in chapter IL. Therefore, it becomes necessary to re-evaluate the
profitability of rice production and to compare and contrast the outcomes with previous
results. It is expected that such analysis will provide farmers, researchers, and policy
makers with more insight into the resource use efficiency, profitability and fertilizer

demand issues after the market reforms.

22 MF = 1 CFAF



4-4- Parametric Programming

Parametric programming is a modification of the conventional model to allow
the implementation of variable price programming and variable resource programming.
It is a technique that allows a series of optimum plans to be estimated, for differing
levels of any parameter of the problem (Rae, 1977). Such parameters may be product
prices, variable factor costs, crop yields, supplies of fixed factors, or the requirement per
unit of any crop for any fixed factor. 'In short, parametric programming enables us to
know how optimum farm plans change as prices, input/output coefficients, or resource
endowments vary.

Ogunfowora (1972) has conceptualized a programming problem with a

parametric objective function as follows:

maxZ, =) ¢, X,
j=l

where: Z Z (Xiy Xageer Xy Xua)

Za = the objective function
to be maximized for a given price level within the
acceptable price range;

by = the level of the ith

resource available.

Assuming that:
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1) C’and C = the lower and upper

limits of the price of the jtk activity and C’< C; < C}”;

2) e = constant increment in
the price of the jth activity;
3) K = the nmumber of

optimum solutions within the price range;

We can write: C’-CYye =k

Cj”- Cj’ =0K

This approach is useful because it enables a model builder to determine the
number of optimal solutions and the levels of increment in price of the ju activity within
an acceptable framework.

For variable price programming, the objective function is parameterized with
respect to the price of the activity of interest. Optimum plans are then derived for each
price level. The variable resource programming is analogous to the variable price
programming. In this case it is the resource levels that are parameterized.

Parametric programming can be used to derive product supply and factor
demand functions (Rae, 1977). For a given type of farm input, the farmer’s demand
function for this input can be derived by plotting the quantities that should be

purchased against the various levels of prices. The stepped appearance of the graph
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obtained from this procedure is a result of the use of a linearly segmented production-

possibility boundary by the linear programming method, and can be considered as an
appreximation to the smooth demand functions of economic theory (Rae, 1977). The
basic principle is the profit maximization principle introduced in section 3-1: if a farmer
counsiders X, to be a variable input and wishes to determine whether it would be
profitable for him to add to, or reduce, his present use of this factor, he will need to
compare the marginal value product (MVP,) given his present supply of X, , with the
price per unit of this factor, P(X,). Only if MVP, exceeds P(X,) will further purchases of
this input be profitable, and the most profitable level of X, will be that for which MVP,
equals P(X,). Thus the graph of MVP, against the use of X, may be interpreted as a
farmer’s demand function for this input since it indicates the quantity that he should
purchase at various factor prices.

By programming a number of ‘representative’ holdings in an irrigation area, for
example, demand functions for irrigation water can be derived for each holding (Flinn,
1969). Given knowledge of the supply situation with respect to irrigation water, a
pricing policy can be formulated so that the total regional demand for this resource can
be equated with the regional supply. Alternatively, by programming a number of
representative holdings, supply curves could be generated by varying the price of the
product of interest. We could then determine total regional output of that product at
various price. This information would help in the making of pricing decisions ( Martin,
1988).

Kottke (1967) concluded from his examination of the anatomy of a step supply
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function that it is a valid approximation of agricultural supply behavior, particularly at

the firm level. However, in terms of demand, Yaron (1967) from his empirical analysis
of the demand for water by Israeli agriculture, found that the shape of the demand
function for water was highly dependent on the sociopolitical economic mix, which
determined the framework within which it is derived. Therefore, Yaron deduced that
the more comprehensive and realistic was the agricultural development program or
projection available as a background for the derivation of the agricultural demand
function for water, the more realistic its estimate. The implication of this finding is that
the derived demand and supply curves should be interpreted with a minimum dose of
good sense. The results from these types of analysis are highly specific to the area under
study. These limitations apply to the empirical model to be implemented in this
proposed study and the results, which may be derived.
4-5- Empirical Model, Expected Results, and Modification of the Basic Model
4-5-1- Empirical Mode for the Study Area

First, an empirical model based on the conventional programming framework
will be built to represent a typical household in each rice production system. The

structure of the farm model is as follows:

The objective function is maximized subject to the following constraints:
° five land constraints,

° nine monthly labor constraints from May to January,

° ten constraints on the average yield permitted,



° one minimum subsistence and income requirement constraint,

one fertilizer supply constraint. Fertilizers include urea and ammonium
phosphate and are considered separately in the model.

° one seed supply constraint related to rice seeds used on ON plots.

° one organic manure supply constraint: although organic fertilizer
requires no outlay of cash, collecting, transporting and applying organic
fertilizer are extremely labor-intensive. Organic manure includes human and
animal manure, decomposed grasses and rice straws and household waste
products.

° one animal feed supply constraint,

. nine capital constraints and /or transfer rows.

Activities:
Fourteen groups of activities are defined: rice production on ON and outside ON

plots; horticulture (onion, tomato, garlic, pepper), root crop production (sweet
potatoes); cereals production (millet and sorghum in mixture, maize as sole crop); feed
bqying activity; labor hiring activity (labor hired in the household, labor hired out of the
household); exchange labor (through village level associations and among individual
farmers for land preparation, weeding and tillage; off-farm employment (in the village
and/or in the city); equipment hiring (oxen traction team for a work day for land
preparation); capital transfer from May to January to meet farm expenditures; selling

and buying activities of rice, vegetable crops, cereals; consumption activity of rice
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(cultivated outside ON plots), cereals, and sweet potatoes; input supply of rice seeds,
fertilizers (urea and ammonium phosphate), organic manure and feeds for draft cattle;
borrewing activities from BNDA, FDV and informal sources. None of the activities
discussed can be operated at negative levels.

Rice, vegetable crops and cereals are the major crops grown in the ON and will
be comsidered as the main production activities, with a unit of one hectare (ha) in the
model. Double cropping of rice will not be included in the model because the period
considered for the proposed study starts from May and ends in January, which
corresponds to the beginning of this off-season activity and the end of the proposed
survey or study.

Like rice, vegetable crops are cultivated in every zone in the ON. Table 4 gives
an idea about the relative importance of vegetable crops (including sweet potatoes) in
terms the percentage of households involved in this activity.

Table 4: Relative Importance of Vegetable Crop Production (Percent of households)

Niono Sahel Molodo Kolay

Vegetable
ARPON Non-restored Non-restored ARPON
Area Area

Onion 51% 99% 59%
Sweet Potato 34% 20% 13% 16%
Pepper 25% 7% 33% 16%
Tomato 18% 13% 25% 24%
Garlic 47% 13% 5%

Source: Adapted from IER’S 1989/90 Survey.
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For any fertilizer procurement activity, the farm gate price per kilogram and the

quantity of that fertilizer as applied by farmers per bectare are considered in the model.
In other words, the quantity of any type of fertilizer is the average quantity of that type
of fertilizer used to cultivate one hectare of rice on ON plots. It is assumed in the model
that the farmer can borrow money from BNDA, FDV and from an informal source
(moneylenders and friends) at an interest rate (in cash or in kind) to buy fertilizers and
other supplies, to hire labor at the going wage rate, and to hire equipment whea the
need arises at any time from May to January. Table S below gives an idea about how
the fertilizer buying activity will be accounted for in the LP matrix.

Table §: Incorporation of Fertilizer Buying Activity

Activities | Rice Buying | Buying Ammonium Signs
Resources (ha) Urea Phosphate
(ke) (kg)
Fertilizer Buying - -
Urea + -1 Equal 0
Ammonium Phosphate + -1 Equal 0
Source: From the author

NB: The plus (+) signs on the table correspond to positive required levels of fertilizer per
hectare of rice. The minus (-) signs are the unit prices of fertilizer. The fertilizer

acquired is transferred to the equality constraints via the -1 signs.

It is also assumed in the model that money earned from off-farm employment

may have a positive impact on the use of fertilizers and the level of rice production on
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ON plot, via provision of liquidity to buy inputs. In other words, off-farm employment
provides cash to the household, which may be used to purchase fertilizer if its use is
profitable.

For rice and vegetable crop output marketing, the selling activity in the model
coaverts physical output into cash via sale. The consumption activity transfers rice, root
crops and cereals outputs from the farm storage to meet minimum consumption
requirements. The consumption activity is built into the program to make sure that rice,
other cereals, vegetables and sweet potatoes consumption habits are respected and that

the subsistence requirements in term of calories are met. The activity unit is 1 kilogram.

Resources Available:

Land: The model includes five types of land that are:

1) Rice lands inside ON, where improved varieties of rice are the only crops
grown with irrigation water. This type of land is commonly known as
“Casiers” and is under the supervision of the ON authority.

2) Rice lands outside ON, where only traditional varieties of rice are cultivated.

This type of land, called “Hors casier”, is not under the supervision of the
ON authority. However, the “Hors casier” can also enjoy irrigation water
from the ON as long as the water fees are paid by farmers. No fertilizer is
applied on these lands because of the cultivation of traditional varieties of

rice and the poor degree of water control.
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3) Lands for vegetable crops production: Horticulture is practiced on this type

of land, which is outside the rice plot and can enjoy irrigation water subject
to the payment of water fees.

4) Lands for coarse grain (millet, sorghum, maize) production: This type of
land is located some distance from rice and vegetable crops production areas.
Lands for coarse grains production don’t enjoy irrigation water from the
ON. Crops produced on these lands are totally rainfed.

S) Lands for root crops production: This type of land is similar to land for

coarse grain production.

Labor: The model includes four types of labor including family labor, hired labor,
exchange labor, and off-farm employment. The total farm workdays of eight hours per
day available on an average household in each system will be calculated by converting
all categories of labor in each month to a person-day equivalent. Norman’s weighting
formula will be used to convert family workers into adult man-day equivalent. Small
child (under ten years old), large child (above ten years old), female adult, will be
converted to adult man-day equivalent (before totaling ) by using Norman (1973)
weighting formula of 0.00, 0.50, 0.75 respectively. In Mali, it has been noticed above 60
years, some people still do some very useful work. Hence the weighting rate of 0.50 will
be used to convert this category of labor force(before aggregating) to adult man-day
equivalent. Hired labor, exchange labor and off-farm employment will not be counted

in the household labor available.
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Coasumption Requirements:

Farmers in the ON grow traditional varieties of rice, coarse grains and root crops
essentially for their own subsistence requirements. Improved varieties of rice are grown
for sale on ON plots. Vegetable crops are essentially grown for market, although part of
them is consumed to meet household subsistence needs. A typical household in the ON
can be considered a production unit for profit maximization on one side and a
consumption unit on the other. Elsewhere in Africa, for example in Nigeria, D.W.
Norman (1973) has shown in a study of small farmers that profit maximization and
food security were not in conflict. While the provision of adequate food for the family
was given top priority, it was found that the pattern of resource allocation was consistent
with profit maximization. Martin (1988) assumed in Senegal that besides the profit
motive the other important component of the farmer’s objective function is the food
security objective. This objective pushes him/her to grow food crops for home
consumption and to select crops for sale in order to guarantee a minimum income
whatever the state of nature. Both actions may run counter to the profit maximization
objective. Therefore, the farmer often has to make trade-offs among conflicting
objectives. Thus Martin (1988) imposed several constraints on his model to reflect the
priority given to food security by Senegalese’s farmers. In the ON case in particular, the
heads of households have the social responsibility of ensuring that the food needs of all
members of the household are satisfied. Therefore, an attempt to introduce realism into
the model will be made by maximizing the objective function within the framework of

consumption patterns. In other words, besides the selling activities, consumption
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activities will be built into the model to make sure that subsistence crops consumption

habits are met. That is, subsistence crops are consumed and are expected to fulfill the
minimum level of calorie requirements for individuals in the typical household in each
system. The average size of household in the ON areas is 10 persons (Cisse et al., 1993).
An average household in the ON must consume 2124 kg of cereals per year to meet the
minimum requirement of 2300 calories per person per day. Further discussion of food

security issue in the ON is provided in section 4-5-5.

Operating Capital:
Operating capital includes all production expenses on fertilizers, hired labor and
cost for draft cattle maintenance and rice seed costs. It is assumed that farmers in all

systems have access to the same lending sources.

flicients:

The input-output coefficients (aij’s) express the amount of input i needed for one
unit of activity j. For land, the coefficient is one for all corresponding enterprises. For
labor, the average coefficients per hectare will be used. In other words, the ratio
obtained by dividing the total number of man-days spent on an enterprise within a
particular month by the total area of land in hectares allocated to the enterprise in
question, is the input-output coefficient.

Production coefficients will be derived by dividing the total output in kilograms
by the total area in hectares planted with the specific crop or crops combination like

millet and sorghum in mixture. Operating capital includes expenditures on fertilizers,
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hired labor, draft cattle maintenance and rice seed costs. Fertilizers used per hectare of

rice times the price per kilogram of each type of fertilizer will be entered in the model.
The cost of hired labor will be captured in each month at the going wage rate.

Expenditures on rice seeds and feeds will be entered in the model under the months
during which they occur.

4-5-2- Expected Results

The basic model will be run using two types of price vectors: price of rice and
fertilizer after the CFAF currency devaluation in January 1994. The aggregate demand
for fertilizer that needs to be satisfied by the private channel for input delivery will be
calculated following a method described in subsection 4-5-3.

In the analysis, it will be assumed that the 1994 CFAF devaluation removed all
the distortions from this currency to reflect its social value. Therefore, no adjustment
will be needed to realigned the official exchange rate prevailing in Mali after the
devaluation.

It is expected from the analysis that we will get an estimate of the aggregate
demand for rice production that needs to be satisfied by the private channel for input
delivery.

In order to assess if the ON can support a private fertilizers distribution system,
the levels of aggregate potential demand for fertilizers will be estimated from the model
by using the import parity price of fertilizer at different places at the ON.

4-5-3- Aggregate Potential Demand

Classically the demand schedule for a given input in a competitive market is
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derived through horizontal summation of the demand schedules of the individuals

producers in the region being studied (Flinn, 1969). Aggregation can be performed in
this manner providing two conditions are met. First, the various producers in the region
must confront the same factor prices. Second, only the price of the input of interest is
varied; all other prices are assumed to remain constant.

The evaluation of the aggregate potential demand for fertilizer in the ON is based
on the optimal levels of fertilizer and the total number of farms. The first step is to
calculate the consumption of fertilizer by multiplying the optimal fertilizer levels using
different input-output price vectors by the number of farms in each of three rice
production systems. The second step is to evaluate total fertilizer consumption at
different price levels in the ON by adding consumption from all the production systems.
More explicitly, the total demand schedule for fertilizers at the ON can be derived as the
aggregate of the demand schedules for the representative households defining the

population. The aggregate demand schedule in the ON can be specified as:
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t
D= ;f:’ni

where: D is the aggregate demand for the ON area;
ni is the number of households in the ith stratum;
fi is the optimal fertilizer input for the ith representative household
when the price of fertilizer is pf; and

t is the total number of strata specified for the ON.

The result of such an aggregation is a single set of fertilizer quantity- price data

in which each of the representative households strata exerts an influence proportional to
the total quantity of fertilizers used by households of that stratum.
In principle, given a set of fertilizer and rice product prices, fertilizer use can be
extended to the level where marginal return equals marginal cost. These levels of
fertilizer application are commonly known as “ optimum levels” of use. The aggregate
likely levels of consumption, if all the farmers fertilize their entire crop area by optimum
levels of fertilizer use, represents upper limit of the effective demand. However, in
practice, these optimum rates of application are discounted by farmers on account of
uncertainties of returns due to several climatic, social, economic and availability factors;
and the level of effective demand is largely determined by the impact of these factors on
farmers’ decisions to use fertilizers in the context of prevailing situation.

The derived demand curves, at best, can only be regarded as short run estimates
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due to uncertainty about future prices, technologies and institutional constraints which

may be imposed on the system. Even in the short run, farm managers’ decisions may
vary substantially from the actions predicted by the linear programming models of the
farm firm. In particular, different subjective estimates of managers in relation to crop
yields and prices, and different attitudes to risk may result in farmers’ actual decisions
differing, somewhat markedly, from those indicated as optimal. Therefore, our basic
model will be modified to incorporate the risk component. This procedure is discussed
in subsection 4-5-S. The following subsection describes the cost structure in
transporting fertilizer.
4-5-4- Import Parity Prices for Fertilizer

In order to check whether or not ON can support a private fertilizer distribution
system, we need to estimate the potential effective demand for fertilizer at the ON by
using or plugging into the model the import parity price of fertilizer at the ON. The
calculation of the import parity price of fertilizer might also reveal possible areas of
improvement in the marketing margin resulting from fertilizer import. The marketing
margin is the difference between import or ex-factory price and the retail farm price. It
consists of wholesalers’ commissions, retailers’ commissions, transportation costs,
storage costs, insurance, interest on stocks and facilities, and other overhead costs. It is
possible to determine the share of each of the components, which comprise the
marketing margin, and to determine the factors responsible for a high marketing
margin . The retail price of fertilizer can be lowered by reducing the marketing margin

through an increase in marketing efficiency. It will also be possible to derive the
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neminal protection coefficient (NPC) and the nominal effective protection coefficients
(NEPC) from the import parity prices of fertilizer. From the standpoint of farm
incentives, it is important to determine the extent to which farmers in the ON are still
protected after the devaluation. Protection implies that domestic producers of a
commodity i can be inefficient relative to foreign producers.

The nominal protection coefficient (NPC) is equal to the ratio of the domestic
price of a commodity i to its border price using the official exchange rate (Sadoulet ef al.,

1995):

NPCi =P,/P,

Thus,
if NPCi is greater than 1, producers are protected and consumers taxed,

if NPCi is less than 1, producers are taxed and consumers subsidized, and
if NPCi is equal 1, the structure of protection is neutral.
The effective protection coefficient (EPC) can be estimated for a commodity I

(i.e. rice) at the farm level to capture the net effect of distortions such as input subsidies
(Sadoulet et al., 1995). The nominal EPC is: NEPCi =Vaid/Vaib where Vai is the value
added (or return) on primary factors in the production of I measured at domestic price
(d) and at borders price () using the official exchange rate, hence the term nominal.

If NEPCi >1 or >0, domestic producers of i are directly protected. The return on
their resources is higher than it would be if border prices prevailed, creating incentives
to increase the production of this commodity.

If NEPCi <1, domestic producers of i are disprotected, price distortion give them

disincentives in the production of i and they can remain in the production of i only if
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they are more efficient than foreign producers.

If NEPC i=1, the structure of prices is neutral on incentives.

Two types of fertilizers are used by rice farmers in the ON: urea and ammonium
phosphate. Urea is imported from outside the continent. Ammonium phosphate is
imported from Senegal’s chemical industry (ICS) or from Hydrochem-CI in Cite
D’Ivoire. While the bulk of Mali’s imported fertilizer goes through the Dakar-Bamako
region route by train, or the Abidjan-Ségou-region route by truck, a small portion
comes from Nigeria and Niger. The main cost items in importing fertilizer are
international and domestic transportation costs, handling and insurance costs. More
explicitly, the calculation of the import parity price of fertilizer includes the following
cost items:

1) The FOB price at the export point, plus freight and insurance, plus
unloading at import dock, corresponding to the HANDLING price,

2) The HANDLING price plus tariffs, minus subsidies, plus port charges,
transport and marketing to the relevant market or project boundary
correspond to the import price at central market or project boundary
(IPPCM or IPPPB). Tariffs and subsidies are excluded in economic analysis.

3) The IPPCM or IPPPB plus the local transport, storage costs, etc, between
the market and the farm gate, corresponding to the import parity price at the
farm gate.

In this study, the main central market or project boundary is Niono, which

represents the point of entry to the intensive system (Retail zone), semi-intensive system
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(Arpon zones located next to and far away from Niono) and non-restored area far from

Nieno.
4-5-5- Medification Of the Basic Model to Incorporate Risk Component

As said earlier, farmers in the ON are facing the risk of income variability
relulting from weather and price variabilities. Assuming that farmers in the ON are
facing the same market price conditions, the main difference among them is weather
and the degree of water control. Indeed, improved varieties of rice cultivation in the
semi-intensive system and non-restored area are more affected by the distribution and
level of rainfall than are those in the intensive system, where water is relatively well
controlled.

When linear programming is used in a decision support role, risk can sometimes
be assessed outside the formal framework of the model and the farm plan indicated as
optimal may be adjusted in a subjective way (Dent et al., 1986). It is also possible to
incorporate risk formally into the planning framework using linear or quadratic
programming methods. If a quadratic risk programming study is to be undertaken,
thea it is necessary to estimate both tile expected gross margins for each activity and also
the variance of these returns. In addition, estimates must be made of the covariances
between all activity returns; that is, the extent to which the returns for different
activities vary together. The objective function in the quadratic risk programming is
specified in non-linear quadratic form, accommodating the variance and covariance of
the Cj values. The solution is then in terms of a plot of the expected values of Z, denoted

E(Z), against its variance V(Z) (which is taken as a measure of the risk faced). Choice of
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the optimal solution then depends on matching the feasible set of [E(Z), V(Z)] values

against the farmer’s preferences so as to choose the pair, which gives him or her the
greatest utility.

Quadratic risk programming is demanding of both data and computing
resources. Indeed, the considerable data requirements, exacerbated by a lack of widely
available trouble-free solution algorithms, have so far restricted the application of
quadratic risk programming as a practical decision aid in solving applied management
problems (Dent et al, 1986). Because of this, a variety of linear approaches to
accommodate risk have been developed. Such modifications include simplex linear risk
programming, minimization of total absolute deviations (MOTAD) programming and a
variety of extensions of MOTAD. In particular, MOTAD has the attraction of being a
linear approximation to quadratic risk programming (Hazell, 1971).

The income variability will be taken into account in the semi-intensive system
and non-restored area by developing a MOTAD model accommodating the constraint of
risk via the incorporation of possible states of nature and their probability of occurrence.

The conventional MOTAD model as developed by Hazell in 1971 is as follows:

1) Minimize: s4 = i(y,* +¥)
ii P

such that for each year,



where;
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@3(C, -G)X, - ¥} +1" =0

j=

$6,%, - £
Jj=1
E%&sa

SA = total absolute deviations of farm income over all years

s = the number of years over which income is sampled,

A = the mean annual absolute deviation of farm income,

). € = the level of the jth activity or enterprise,

Cy = the gross margin (Le, gross return over operating costs)

for the jth activity in year t,

G; = the annual gross margin for the jth activity,

GG = the gross margin deviation for the ju, activity in year t,

E = expected net income set equal to some specified level,

Ay = the input-output coefficient showing the units of the ith
input required by the jth activity,

by = the quantity of each resource,

Y, = an accounting enterprise in the LP matrix entering the

MOTAD solution when the total income deviations for a



80
particular year t are positive,
Ye = an accounting enterprise in the LP matrix entering the
MOTAD solution when the total income deviations for a

particular year t are negative, with

Yoor ¥ =

g(cv _GJ)XI

By means of equality constraints, the value of expected net income (E) is set at
specified increments, from zero up to the linear programming profit maximizing level to
develop a series of solutions. Plotting expected total gross margin against total minimum
absolute deviation yields the efficiency frontier. Each solution is efficient in the sense
vtlut no other enterprise mix will result in less income variation at the specified level of
income.

In the semi-intensive and non-restored area in the ON, the farm household wants
to obtain a minimum income from rice and vegetable crops production to cover part of
its expenses. To include this objective in the structure of the LP model, additional rows
are needed. These rows contain the deviations from the mean income of rice (produced
on ON plot) and vegetable crops. The mean income for each crop is calculated by
weighting the income from one hectare of that crop associated with each state of nature
by the probability of occurrence or cumulative distribution or frequency of that state of
nature. The probability of occurrence of any state of nature is calculated from historical

annual rainfall data from which it is possible to determine a relatively good, average and
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bad years in the regional context. It is assumed that income per hectare is one of the

uncertain variables since both the yield and the price of rice and vegetable crops may
fluctuate. Table 6 below illustrates the way the minimum income constraints will
included in the model.

Table 6: Incorporation of the Minimum Level of Income.

ncome Level Relationship Activities
Rice |Vegetable crops|Z1| Z2 | Z3
(ha) (ha)
Expected Total Gross + | Equal X X
Margin(TGM)
Yearl GM tie + | Greater than or + + 1
Equal
Year2 GM tie + | Greater than or + + 1
Equal
Year3 GM tie + | Greater thanor + + 1
Equal
C Min 1|11

Source: From the author.

On Table 6 above, the expected total gross margin (from rice produced on ON
plot and vegetable crops) will be set at a specific level by means of an equality constraint.
The three gross margin tie rows are introduced for three representative types of years
(Good, average, and bad) based on the levels of rainfall received. Also for each year, a
shortfall activity (reflecting the amount by which the gross margin fails to reach its

expected level) is added. Shortfall activities are labeled Z1 to Z3. Each of the gross
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margin ties stipulate that the total gross margin plus shortfall for the year be not less

than the specified level of total gross margin. The average of the gross margins for the
three-year types is the expected gross margin in the expected TGM row. Since the
expected gross margin for any activity is the mean (X) across all individual years, the
sum of deviations above this mean will equal the sum of deviations below it (Dent, 1986).
Hence, minimizing the sum of shortfalls minimizes the sum of deviations both above
and below the expected gross margin. The C row on the table states the objective of the
head of household as minimization of the sum of shortfalls, that is, of the sum of negative
deviations from the expected total gross margin. The choice of this objective function
ensures that the sum of the shortfall will be as small as possible, that is, that the most
stable plan in terms of total gross margin will be selected.

The farm household wants to produce on average a large share of the coarse
grains (millet, sorghum, maize, rice) and root crops to cover its needs. To include these
considerations in the analysis, additional rows will be introduced in the LP matrix in a
way similar to that for the constraint on the level of income. These rows contain the
deviations from the mean during the worst possible states of nature for the yields of food
crops produced for home consumption. The mean yield is calculated by weighting the
yield associated with each state of nature (good, average and bad years) by the
probability of occurrence of that state of nature. It is assumed that the yields of food
crops are the uncertain variables. The yields are expressed in thousand calories to allow
for the same unit across all crops. Table 6 below illustrates the way the minimum level

of foods production for self-sufficiency will be accounted for. On the table, the Zs are
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It was estimated (DNSI, 1988-89) that the per capita consumption of cereals per
year in Mali is 203.81 kg, rounded to 204 kg. This figure was lower than the
consumption norm of 212.4 kg reported by Steffen in 1995, implying that some other
sources were needed to cover the shortfalls. The shortfalls could be covered up from food
aid or by buying cereals from the market bringing about the issue of food security
discussed by Sadoulet and De Janvry in 1995. The definition of food security provided
by Sadoulet and De Janvry was as follows: Food security means access by all people at
all time to food sufficient for a healthy life.

It is clear from the above definition that if food security cannot be obtained
through domestic or own production the gap should be cover up from market or from
outside the country. Thus assuming that an average person in the ON must consume
212.4 kg of cereals per year to meet the minimum requirement of 2300 calories per
person per day, an average household of 10 persons must consume in minimum 2124 kg
per year. Since households in the ON are more likely to fall into transitory food
insecurity because of many sources of risk (e.g. fluctuation in income, production and
prices) during average and bad years, food security must be tackled with the broad
concept of food security in covering up the shortfalls (Z2 and Z3) defined in table 7
below. The level of expected yield during the average and bad years can be varied
within an acceptable range in order to analyze the magnitude of the shortfall in each
scenario. Such analysis can reveal the need to rely on other possible sources (i.e. market,

food aid) that may help covering the shortfalls in a risky situation.
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Table 7: Incorporation Of the Minimum Level Of Food Crops Self-Sufficiency.

Expected Yield | Level [Relation Activities
s

Mil| X X X X Vegetable | Z1 | Z2 | Z3

let s
Expected Yield| + E X Xl x |x X X
Year 1 tie + |GorE | + + + 1
Year 2 tie + |GorE | + + + + + 1
Year 3 tie + |GorE |+ |+ + + + 1
C Min 111]1

Sowurce: From the author

NB: The plus (+) signs on the table correspond to positive levels of yield. G and E stand

for “Greater” and “equal”, respectively
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CHAPTER S - DATA NEEDS AND PROPOSED DATA

COLLECTION STRATEGY

5-1- Data Needs

In each rice production system in the ON, we need to collect data in order to
derive enterprise budgets and the input/output coefficients for each enterprise under
consideration. Enterprise budgets constitute the key building blocks of the LP model.
Detailed information needs to be collected on the sampled households’ labor force, labor
hired in mandays and wages, off-farm employment, the various inputs including
fertilizers and their respective costs, the market prices of crops, the sources and amount
of credit and the rates of interest charged. We also need data to derive the import parity
prices of fertilizer. The type of the needed data in deriving the import parity prices for
fertilizer or any commodity has been described in section 4-5-4. These data will come
both from primary and secondary sources.

Data requirements for both the conventional LP model and the MOTAD model
are the same with respect to Input-output coefficients and expected costs and returns.
However, a time series of gross margins (gross returns over operating costs) and crop
yields are required for each enterprise to develop the income and yield deviations for the
MOTAD LP matrix. The determination of the distributions of gross margins over many

years involves the determination of the distributions of several random variables. The
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most analytical approach to specifying revenue distributions is to begin with the
underlying distributions of the uncertain components such as yield and price (Dillon

and Hardaker, 1977). Usually, only means, variances, and covariances are required so
that assessment need not be too demanding.

Let GM = rice enterprise gross margin in CFAF/ha

Y = rice yield in in kg/ha

P = rice price in CFAF/kg

vC = variable costs of rice in CFAf/ha.
Let assumes that VC is known with certainty. So that they do not influence the variance
of the gross margin GM which given approximately by:

VIGM)~{E(DEEDV(V)} + (EM(ENV(D)} + ZE(PDEY)Con(Y, D)}
V(GM), V(Y) and V(P) are variances of gross margin, yield and price respectively
Cov(Y,P) is the covariance between the yield and the price.
E(P), E(Y) are the expected price and yield, respectively.

The expected gross margin is derived as follows:

E(GM)=EM)EP) +CowY,P)-VC
Even after having gone through the problem of estimating revenue distributions for
several enterprises, the analyst is still left with the difficulty of establishing the
appropriate correlations between enterprises returns. Dillon and Hardaker (1977)
reported that one of the solutions to this problem requires knowledge of at least one

formula for the parameters of a conditional distribution for one variate of a bivariate

normal distribution. If X7 and X are jointly normally distributed with means E(X})
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and E(X2); standard deviations SDj and SD2; and correlation Corry2; the conditional
distribution of X7 given X2=X?", is characterized by mean and variance

E(X]\X2=X2") = E(X)) + Corr12(SD/SD2)[X2*-E(X2)]

V(X1\X2 = X2*% = Corr1*Corrj(1-Corr21 *Corry2)

Attention should be given to the above possible correlation relationships when two or
more enterprise gross margins in this proposed study are found to be correlated

through years Appendix A presents the linear programming tableau including the
consumption activity while appendix B provides the programming matrix including the

possible correlation between rice enterprise and the other enterprises in the ON area.
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5-2- Data Collection Strategy

The data used in this study will be obtained from both primary and secondary
sources. Secondary data will be collected by consulting relevant reports written about
the ON. Primary data will be collected through a survey method by means of
questionnaires and personal interview. Data from the survey will be used to undertake
the costs and returns analysis and to implement the programming exercises. The
collection of the field data will be done by trained enumerators under the supervision of
the researcher. The collection of secondary data, the implementation of the
recounaissance survey and the implementation of the interviews will be carried out by
the researcher with the help of ON extension workers.
5-3- Sampling Procedure and Sample Size

In deriving demand estimates by linear programming, it will be prohibitively
expensive and time-consuming to estimate the demand schedules for each farm
household in a region and then to derive the regional demand function by summing the
individual firm functions. An alternative is to select a sample of representative farms in
order to guide planning on individual farms. Barnard and Nix (1973) suggested that in
areas where there is reasonable homogeneity in at least some of the major resources —
particularly with respect to natural factors, such as soil type, topography and climate —
linear programming can be used to obtain solutions to ‘modal’ or ‘representative’ farm
situations. In this way some of the benefits of comprehensive computer planning can be
made available to a greater number of farmers in an area than would be the case with

the individual programming of farms. Since farms are likely to display considerable
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variation around a particular modal situation (when account is takem of both

quantitative and qualitative aspects of farm resources)) more than one model is
required if differences in factors such as farm size, the number of workers and the
availability of building are to be accommodated. Therefore, we need a sample of
represeatative farm households, each supposed to be characteristic of a larger group of
farm in the region. Each representative farm demand curve is weighted by the number
of farms in its stratum, and the weighted demand curves are then summed to derive the
regional estimate.

Stovall (1966) discussed three sources of error that may bias the demand
schedule estimated from a linear programming model and a sample of representative
households:

(i) specification error;
(ii) sampling error; and

(iii) aggregation error.

Specification error arises when the programming model fails to accurately
describe the conditions faced, the derived objectives, and the resulting decisions being
made by the firm.

Sampling error arises when the distribution of the variables of interest within the
sample differs from the distribution of those variables within the population. That is,
when a sample is taken from a population, it will not be possible to know precisely the
value of any population parameter, such as the mean or proportion. Any point estimate

will be in error. The problem of reducing and measuring sampling error are tackled by
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statistical procedures and sampling theory is sufficiently developed so that sampling
rates can be set 30 as to hold sampling error to a desired level.

Frick and Andrews (1967) have defined aggregation error as “.the difference
betweena the area supply (demand) function as developed from the summation of linear
programming solutions for each individual farm in the area and the summation from a
small number of typical or benchmark farms.” In other words, aggregation bias occurs
when the results obtained by scaling up solutions from one or more representative farms
are different from the results that would be obtained if it were possible to solve for each
individual farm in the target population and add the results (Upton and Dixon, 1994).

Aggregation error or bias is brought about by the use of averages or other
measures of central tendency in synthesizing a model unit from survey data. According
to Collinson (1972), aggregation bias is the same phenomenon noted in supply response
work; in this case interfarm differences in timing create different peak requirements on
particular farms, which are damaged when averaged — and peaks on one farm are offset
by relatively slack periods on another, so that the whole labor profile is flattened. An
alternative to straightforward averaging is the construction of the model from
components, each of which is sampled, perhaps independently, for the population under
investigation (Collinson, 1972). Such construction reduces the aggregation effect and
highlights the decisions required on the inclusion of specialized activities, which are
recorded only on a proportion of the sample units. The components of a detailed labor
profile are the activities identified in the system, the acreage, calendar, operational

sequence, and rates of work for each operation. Improving the simulation of the profile
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requires attention to the timing of crop operations. Construction reduces the
aggregation bias by enumerating timing, the center date for each discrete operation, as
a component. The steps involved in a profile construction is described by thoroughly
described by Collinson (1972).

The necessary conditions for selecting representative farms to minimize
aggregation error within a given budget are still undefined in a general sense. However,
Miller (1967) has demonstrated that two criteria are useful to control aggregation error
in an empirical situation. Miller recommended that:

(1) farms be grouped on the basis of what is the most limiting resource in

the production process; and

(2) that farms with similar patterns of product response to price change

be grouped together.

Upton and Dixon (1994) reported that some bias can be avoided by careful
grouping of the population of farms prior to selecting the representative cases.
They suggested that farms that produce similar products in similar climatic zones be
grouped together as a first step, and then use the statistical technique of cluster
analysis to identify sub-categories based on resource ratios. Furthermore, they
reported that when the models are of representative farms and results are to be
scaled up to describe behavior of a population of farms, it becomes important to
take some accounts of aggregate effects on prices by linking MP models to market
models in a recursive fashion or by separate estimation of price changes and

consequent use of the prices for the farm model. Selected input and output prices in
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representative models can be varied parametrically to derive demand and supply

schedules, which can then be scaled up across categories as appropriate. Given other
information about the supply of farm inputs or the demand for outputs, market
equilibria can be deduced.

Thus, for this proposed study, a sample of a representative group of farm
households within each rice production system can help reduce the problem of
" aggregation error and serve the purpose of this study. The techniques of sampling based
on field experiences in conceptualizing and implementing policy- relevant studies have
been thoroughly discussed by Tefft et al. (1990).

The other important source of error is non-sampling errors. This type of ervor is
unconnected with the kind of sampling procedure used and tend to be greater than
sampling errors (Liedholm, 1998, personal communication) . Indeed such errors could
just as well arise if a complete census of the population were taken. In any particular
survey, the potential for non-sampling error exists at a number of places. Newbold
(1991) provided some examples as follows:

1. The population actually sampled is not the relevant one.
2, Survey subjects may give inaccurate or dishonest answers.

3. Non-response.

(4)-Data entry or processing errors
In addition to the three sources of errors provided by Newbold, other
types of non-sampling errors arises during data transcription and data entry stages.

There is the possibility of an error connected with enumerator errors. Teflt et al. (1990)



argued that minimizing non-sampling errors during the data processing stage
demands consideration of several other aspects, such as the design of questionnaires,
hiring knowledgeable computer personnel, planning the type of analysis to be
completed, and selecting hardware and software that satisfy researcher needs
throughout the implementation of any project.

There is no general procedure for identifying and analyzing non-
sampling errors (Newbold, 1991). The main prescription is that the investigator
take care in such matters as a) identifying the relevant population, b) designing the
questionnaire, and c) dealing with non-response in order to minimize their
significance. Tefft et al. (1990) argued that minimizing non-sampling errors depends
on well-defined concepts, adequate operational definitions, accurate translations,
and simple and easily understandable questionnaire formats. In addition,
researchers must carefully train enumerators and supervisors, provide them with
explicit instructions and sufficient logistical support, obtain the cooperation of
village leaders and respondents, and initiate data verification and analysis early in
the study.

In regard to sample size, Yang (1965) warned that:”..in no
circumstances should the research worker choose a sample larger than his financial
and personal resources..”. Moreover, Yang stressed that when 20 farms are selected
from the same stratum for cross-tabulation, the addition of more farms will not

seriously change the results..., that roughly 20 farms should be included in each of



the classes in order to make reliable comparisons.” Yet for this study, 30 farmers
will be selected in each system in order to anticipate the possible lack of cooperation
of some farmers and other problems associated with farm management
investigations. Resources, activities, and constraints pertinent to the ON area will be
collected in a survey of 90 households during a cropping season. Linear
programming models will then be developed to present the major household types in
the ON area. Parametric solutions will be obtained for those resources limiting in
the initial optimal plan for each model, as the scarce resources influence the MVP
and hence the demand for fertilizer. The variability of income and yield risks
farmers faced will be taken into account by developing risk-programming models

for the study area.



Appendix A:

Programing Matrix Including the Different Activities in the ON area
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APPENDIX B:
Programming Matrix Induding the Possible Correaltion Realtionships between Rice

and other Enterprises in the ON area.



Programming Matrix: i’oulble Correlations between Rice and Other Enterprises in the ON Area

Rice Inside ON Rice Outside ON Onion Tomato Garlic Pepper Sweet Potato Millet/Sorghum Maize Total Supply

Expected Gross Revenue . FCFA (+) (+) (+) (+) (+) (*) (+) (+) () (+)
Variable Cost - i FCFA (+) (+) (+) +) (+) (+) (+) * () (%)
Expected Gross Margin FCFA (+) (+) (+) (+) (+) (+) (+) (+) (+) (%)
Standard Deviation Of Gross Margin FCFA (+) (+) (+) (+) (+) (+) (+) (+) (+) ()
Coefficient Of Variation ~
Risk Adjusted Gross Margin : FCFA *+) *) (G0 TR 0 TR € N 05} (+) *+) # &
Resource Use
" Land Inside ON Ha (@) +) (G0} ) *+) *) ) ™) (G T G N 6
" Land Outside ON Ha (So] *) (C] ) * ® *) ) ® & @
- .FamilyLabor @~ .~ . Mandsys +) *) ® = ® +) (+) ® & &
“'Hired Labor = - Mandays *) *) # " B ® *) *) ® ®H &
Working Capital . - _FCFA ) (6] D H B @ +) +) # H ®
Correlation Matrix . .
Rice Inside ON : 1 )
. Rice Outside ON (&) 1
.- Onion » @ * 1
- Tomato - ) ) ) 1
‘Gadic * Q) @ @
Pepper - -~ . - +) ) ) ) ) 1
" SweetPatato- - *) *) # & ¢ 1
Millet/Sorghum . +) *) H H H ©® (+) 1

Maize -~ . - *) ) D B H ® ™) ™) 1

-
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