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Abstract
During the last three decades in sub-Saharan Africa, development and research resources have concentrated on the higherrainfall and irrigated regions, especially on export crops and the principal food crops grown there. There has been much less
concern and investment in semiarid regions without irrigation. Another negative factor has been the lack of public policy
concern with the profitability of the basic food crops. With good weather, prices collapse. With bad weather, governments and
NGOs dispense food crops as food aid or at subsidized prices. This article documents the importance of the demand side to
facilitate diffusion of new technologies for the basic food commodities of semiarid regions—the traditional cereals. With farm
programming models aggregated into a sector model, the combination of technological change and demand shifts for sorghum
are evaluated in one semiarid region where the traditional cereals are concentrated. It focuses on combining policies to increase
the prices farmers receive after introduction of technologies that use higher input levels. It also compares benefits of a strategy
that focuses on yield and demand increases for a traditional cereal of the semiarid region, sorghum, with two alternative strategies
for the higher-rainfall zone.
JEL classification: Q12
Key words: Sorghum; Millet; Price collapse; Inventory credit; Fixed harvest income objective; Demand expansion; Sector model

1. Introduction
In a new century, after 20 years of structural
adjustment, donors and national governments are
reevaluating development strategies. The increasing
nutritional problems in sub-Saharan Africa have renewed concerns about poverty programs. In agriculture, this translates into looking again at the potential
of lower-rainfall regions and programs to increase the
productivity of the basic food crops.
∗ Corresponding author: Tel.: +1-765-494-4221;
fax: +1-765-494-9176.
E-mail address: jsander1@purdue.edu (J. H. Sanders).

The lower-rainfall regions have historically been
healthier, so population densities are generally greater
than in the higher-rainfall rural zones (Vitale, 2001).
The traditional food crops (sorghum, millet, cowpeas,
pigeon peas) have been adapted over time to these harsh
production conditions. They can be cultivated in areas
where most other crops have erratic yield responses
and frequent failure. Farmers have generations of experience in growing the traditional food crops, which
are firmly entrenched in rural and urban food patterns.
Besides a concern with equity, there are efficiency
reasons for putting more attention on the traditional
crops of the semiarid regions. Although yield gains
have been more rapid for export crops and crops in the
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higher-rainfall regions over the last 30 years, yields
can be substantially increased in lower-rainfall regions with water harvesting and increased soil fertility
(Sanders et al., 1996).
This article examines available technologies and
potential markets for the traditional cereals of the semiarid region of one country, Mali. Farm and sector modeling are combined to estimate the effects of various
demand-expansion policies and to compare them with
two important alternatives. The conclusions present the
implications for public policy.
2. Technology introduction into semiarid regions
Economists have been arguing during the last two
decades that low-rainfall (semiarid) regions of subSaharan Africa have little potential for increasing cereal productivity and that greater returns could be
obtained from investments in the more favored higherrainfall (sub-humid) or irrigated areas, where production costs are lower and higher-valued crops could be
produced. As a result, domestic agricultural policy in
many countries, even those with large semiarid regions,
has concentrated more heavily on diffusion of new
technologies into the sub-humid zone and on extending the frontier there rather than on increasing productivity of the basic food crops in the semiarid zone.
In West Africa, and especially in the Sahelian
countries, 1 where investments in improved public
health reduced the prevalence of tropical diseases
(McMillan et al., 1998), agricultural technology has
advanced much more rapidly in the sub-humid than in
the semiarid zones. Technological change in the Sahelian countries has been concentrated in the SudanoGuinean zone (the sub-humid zone) on the principal
crops, cotton and maize. Cotton and maize introduction in the southern areas of Mali and southwestern
Burkina Faso provide some of the more successful stories of new technology diffusion in sub-Saharan Africa
1 The Sahel refers to the countries between the humid coastal
countries and the Sahara. Included are Burkina Faso, Chad, Gambia,
Mali, Mauritania, Niger, and Senegal. The word Sahel comes from
the Arabic word for shore or border (Sen, 1982, p. 113). The island
of Cape Verde was later added to this Sahel group. The Sahel is
also an agroecological zone and too dry for crop production without irrigation. The main semiarid crop zones are the Sudanian and
the Sahelo-Sudanian, the zones of predominant sorghum and millet
production, respectively, in the Sahelian countries.

(Sanders et al., 1996). Also, striking advances have occurred in the irrigated areas in Mali, with substantial
increases in rice productivity.
One principal catalyst for technology introduction
in the sub-humid zone has been a strong market
demand for cotton and, periodically, for maize. This
allowed farmers to make money from the increased
productivity of the new technologies. The introduction
of demand-driven technology is also exemplified by
the profitability and rapid growth of the niche crops,
including green beans in Burkina Faso, flowers and
pigeon peas in Kenya, and irrigated rice in Mali.
For these crops experiencing rapid technological
change in the Sahel, price collapse has generally not
been a problem. For cotton, parastatals have historically fixed the prices. Rice has benefitted from rapidly
growing urban markets. The niche crops of fruits, grain
legumes, other vegetables, and flowers have been exported, and have not yet experienced market saturation.
Niche crops benefit only a small part of the agricultural sector—and often overseas’ rather than domestic
consumers. In contrast, the basic food crops of a country (sorghum and millet for the Sahelian countries)
are produced by most farmers and are basic in the
diet of most of the population. Productivity gains there
will have very large impacts on both consumers and
producers.
For this study, the three principal agroecological
zones of the Sahelian countries were classified as the
sub-humid zone and two principal cropping zones in
the semiarid region, the Sudanian and the SaheloSudanian (Table 1; Fig. 1).
In the higher-rainfall region of the semiarid zone,
the Sudanian zone, sorghum is the principal crop, except on sandy soils. On the sandy soils and in most of
the Sahelo-Sudanian zone, millet is the principal crop
because it has more tolerance of low rainfall and poor
soil fertility than sorghum. Both crops are grown in
both regions, and this combination utilizes the soil and
water diversity and reduces risks.
Some have argued that the principal constraint in
semiarid regions is labor. The evidence on the introduction of labor-replacing technologies does not
support this in the Sahel. Rather, the principal technologies being introduced into the semiarid zone appear
to indicate that the primary constraint is quality land
(Table 1). The technologies introduced over the last
two decades into the two semiarid zones have been
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Table 1
Rainfall by region and technologies successfully introduced in the three principal agroecological regions of crop production in the semiarid
tropics of West Africa
Zones

Rainfall expected
90% probability (mm)

Technologies

Sudano-Guinean

800–1,100

Sudanian

600–800

Sahelo-Sudanian

350–600

New cotton and maize cultivars with
inorganic fertilizers and improved
agronomic practices
Contour dikes and organic fertilizers, zaı̈a
Improved early cereal and cowpea
cultivars
Contour dikes and organic fertilizers, zaı̈a
Early cereal and cowpea cultivars
Supplementary irrigationb

Responses to principal constraints
Water availability

Soil fertility

Sufficient rainfall in most
years in this zone

Inorganic fertilizers
used in the combined
technology package
Organic fertilizers
Selected for low soil
fertility conditions
Organic fertilizers
Selected for low soil
fertility conditions
Rice heavily fertilized

Holds runoff
Water earliness gives
drought escape
Holds runoff
Drought escape
with earliness
Full water control

a Zaı̈

are hand-dug trenches.
small areas of supplementary irrigation (<1 ha) provided by government to farmers. These are a type of income stabilization for
dryland farmers.
Source: Adapted from Sanders et al. (1996, p. 149).
b Only

various labor-intensive, water-retention techniques
(dikes and zaı̈, which are hand-dug trenches); organic
fertilizers, often obtained by gathering manure with or
without putting it in compost heaps; and early cultivars for drought escape (Table 1; Sanders et al., 1996).
These technologies substitute in very labor-intensive
ways for the lack of water and low soil fertility.
3. Potential technologies in the semiarid Sahel
There is a larger gap in potential yield increase in
Mali for the principal crop of the semiarid region,
sorghum, than for either of the predominant cereals
of the irrigated and higher-rainfall regions, specifically

rice and maize (Fig. 2). This gap indicates the potential for farm-level improvement with the technologies
presently available on the experiment station.
Currently, the technology is available to close this
gap for sorghum and millet through higher-purchasedinput usage and new cultivars combined with improved
management and cultivation practices, especially
water-retention practices. Yet the diffusion has been
much slower for the principal crops of the semiarid
zone than for the higher-rainfall region. This same
phenomenon occurred in the United States where hybrid sorghum and associated technologies were introduced about 20 years after hybrid maize. But
once introduced, this technology combination diffused

Fig. 1. Agroclimatic zones in semiarid West Africa (90% probability). Source: Gorse and Steeds, 1987, Appendix. Note: Below the dotted line
is the higher rainfall zone of the Sudano-Guinean zone often not included in semiarid definition. In the Sahel this is the zone of cotton and maize
as well as sorghum and millet.
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Fig. 2. Best-farmer and experiment-station yields of new and traditional cereals, Mali. Source: Vitale, 2001, p. 9.

more rapidly than that of maize. Within 15 years from
the mid-1950s, sorghum yields in the United States
were tripled (Miller and Kebede, 1987, p. 7; for the
maize story, see Duvick, 1987, pp. 15–47).
Sorghum and millet take up about 80% of the production area in the semiarid regions of Mali (i.e., the
Sudanian and Sudano-Sahelian zones; Vitale, 2001).
Even in the sub-humid Sudano-Guinean zone of the
Sahelian countries, sorghum and millet are grown on
approximately one-half of the crop area in southern
Mali (Vitale, 2001).
When more water and higher soil fertility are available, semiarid regions have a comparative advantage
over higher-rainfall regions. Because of more sunlight
and less disease, the highest crop yields in the world
are obtained in semiarid and arid regions with irrigation. However, in many regions, as in much of Mali,
irrigation is not technically or economically feasible.
Nevertheless, there are a range of water-harvesting
techniques that better utilize available rainfall (or other
water sources) and thereby reduce risks and increase
the returns to soil-fertility improvements (Shapiro and
Sanders, 2002). With improved water availability and
increased soil fertility, the returns to new cultivars are
substantially improved. Breeders can then move away
from the search for earliness (drought escape) and can
concern themselves with yields under moderately improved conditions, resistance to disease and insects,
and food/feed characteristics.
Developing countries can now make substantial
yield gains in sorghum and millet and close some of
the gap with maize and rice, as the United States did

with sorghum in 1955–1970. In developed countries,
sorghum has not disappeared from the crop mix in
semiarid regions as incomes have increased. Instead, it
competes with maize for animal feed. 2 One advantage
of traditional cereals is that they are better adapted to
the low-rainfall and poor soil-fertility conditions that
dominate the semiarid agroecology. When more water
is made available and soil fertility is increased, some of
the area will shift out of these crops to higher-value activities, such as fruits and vegetables. However, most
of the area will stay in these traditional staples, for
which better conditions enable substantially increased
yields.
4. Marketing improvements and profitability of
traditional food crops
Various explanations for the slower diffusion process of new crop technologies into semiarid zones have
been hypothesized, including higher risk levels and alternative employment opportunities. Our hypothesis is
that the principal factor retarding the introduction of
these new technologies is reduced profitability resulting from three price problems of the traditional food
crops: (1) farmers are pressed to sell at the post-harvest
price lows; (2) major between-year price collapses result from good weather and the failure to develop alternative markets for the basic food crops; and (3) the
main poverty policy of many developing countries is
the attempt to keep down prices of the primary food
commodities, thereby limiting the upside potential for
price increase.
Low prices have discouraged farmers from using
more inputs. Unfortunately, food production has become more difficult because of continuing soil degradation and nutritional problems in the low-income
work force. Higher levels of purchased inputs are
required to substitute for the fertility loss of the disappearing fallow system. To pay for these inputs, improved marketing strategies and the evolution of new
markets will be necessary. Changing public policy attitudes that recognize the need for farmers to make
money and the development of alternative poverty
2 Millet has not historically been an important feedcrop in the
United States but has been the principal component of bird food.
Recently, there have been efforts from the USDA in Georgia to
introduce millet on the poor soils there as an animal feed.
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Table 2
Current and expected millet prices in the four Sahelian countries, October 2002

Country

October 2002
millet price
(FCFA/kg)

Expected price at millet harvest in
2002 (Nov.–Dec.)
(FCFA/kg)

Expected peak during the hungry
perioda , 2003 (July–Sept.)
(FCFA/kg)

Niger
Senegal
Burkina Faso
Mali

100
250
140
168

80
100
75
90

230
300
220
225

a Note that the hungry period is the two months before the next harvest, in this case 2003.
Source: Field interviews, Abdoulaye and Sanders, Oct. 2002.

policies, rather than keeping food prices down, would
also help.
Seasonal prices (item 1 above) vary. To demonstrate
their extent, farmers in the Sahel were questioned
about present prices and price expectations for millet in 2002–2003 (Table 2). The price roughly tripled
10 months after the harvest season. This is the hungry
season, the period immediately before the harvest of
the early maize.
For most Sahelian farmers in the semiarid zone,
the cash requirement at harvest overrides the desire
to put aside a stock of their basic commodities for their
own subsistence or to maximize incomes (Vitale, 2001;
Abdoulaye, 2002). They have to satisfy this cash requirement first and thus suffer income loss from the
lower prices for their staples.
What influence does seasonal price variability have
on profitability? To respond to that question, the latest data for the past crop year (2001–2002) were used.
Rainfall was normal but later than average; it was the
second year of below-normal conditions so prices were

higher and more variable than with the good rainfall of
the late 1990s. Yields for new technology were used
for average and better farmers. For both types of farmers, profitability per hectare is very low if marketing
is done at the post-harvest period. However, profits are
substantially increased if farmers wait for the expected
price recovery after 5 or even 10 months until the hungry season (Table 3).
The second price problem of the between-year price
collapse resulting from good weather and price inelasticity of demand for the basic food staple will require
the development of alternative markets and public policy to support infrastructure investment. This is the
focus of the next two sections.

5. Developing new markets for the
traditional cereals
Food consumption in the Sahelian countries is
dominated by cereals, especially sorghum and millet

Table 3
Farm profitability and time of sale of sorghum with new technology (US$/ha), Mali
Farmer type

Marketed at harvest, 2002
(Nov.–Dec.)

Marketed at mid-point hungry period, 2003
(Mar.–Apr.)

Marketed during hungry period
(July–Sept.)

Averagea,b
Bettera,b

3.13
20.31

69.27
99.33

135.41
178.35

a Farm profit (per hectare) was calculated using yields corresponding to modestly adverse rainfall years. This corresponds to yields of 729
kg/ha for average farmers and 871 kg/ha for better farmers. Household labor was valued at prevailing wage rate of 750 FCFA/day (∼1 US$/day
using IMF 2001/2002 exchange rate of 744 FCFA = 1 US$). The assumed new technology uses an intermediate-season cultivar and inorganic
fertilizer applications of 100 kg/ha for complex cereal compound (NPK:15–15–15) and 50 kg/ha for urea (NPK:46–0–0).
b Traditional yields would be about 500 kg/ha for either better or average farmers. Corresponding profits in the three columns in this table
would be 17.77, 63.13, and 108.49 (US$/ha).
Source: Calculated by J. Vitale from the technical coefficients of Vitale (2001), using the above price variability for millet of Table 2. Note that
millet and sorghum prices move together.
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Fig. 3. National cereal consumption patterns in three Sahelian countries. Source: Adapted from Coulibaly, B., 1999, pp. 13–16.

(Fig. 3). A recent trend in the Sahelian countries is the
shift in consumption to rice and away from traditional
cereals. This is largely explained by urbanization associated with an increase in consumers’ food-purchasing
power as well as an increase in the opportunity cost
of women’s time; women are increasingly entering urban workplaces (Boughton and Reardon, 1997). Lower
processing costs and reduced preparation time of rice
make it an attractive alternative to sorghum and millet
in urban areas, and consumers are willing to pay a premium for this convenience, as evidenced by the significantly higher price of rice compared to either sorghum
or millet ( Boughton and Reardon, 1997; Coulibaly, B.,
1999; Dibley et al., 1995).
Even with this increasing demand for rice, traditional cereals continue to dominate national consumption patterns. Rural areas in these countries remain
almost exclusively consumers of sorghum and millet
as the basic food grains, comprising about 90% of the
calories consumed (CPS, 1998). Senegal is an exception, with rice being an important staple in both urban
and rural areas. In urban areas, while rice remains the
main staple food for the main, early afternoon meal
(particularly for urban workers unable to return home
for lunch), the other two daily meals (breakfast and
evening supper) are typically based on at least one of
the traditional cereals (Reardon, 1993).
Historically, efforts to increase demand for the traditional cereals have been less successful than for maize
and rice. One principal constraint is the low price elasticity of demand. With good-rainfall conditions and/or

with rapid technological change, prices of traditional
cereals collapse. Falling food prices from new technology provide benefits to consumers. But late- or nonadopters can be in a worse situation if prices decline
more than the cost-saving effects of new production
practices.
Why do prices collapse in good-rainfall years? People can eat only so much of their basic staple, and it
is difficult to find new markets once the price has collapsed. Moderating these price collapses by developing
new markets would encourage a more rapid introduction of new technologies.
A recent example of price collapse was the over
50% fall in cereal prices in Mali between 1998 and
2000 during 3 years of above-normal cereal production (Kebe et al., 2000). Farmers in the Sahelian region are aware of this type of price behavior and the
importance of new marketing opportunities for their
cereal surplus. They consider price collapse a principal factor discouraging new-technology introduction. 3
Government-supported programs to handle cereal surpluses through managing the supply side with price
supports and storage schemes have had little success,
as seen in Zimbabwe in the early 1980s and in Mali in
the early 1970s (OMA, 1990).
With economic growth and the availability of new
technologies, there needs to be a focus on new market
opportunities for traditional cereals. Fortunately, there
are emerging food and feed markets for traditional cereals. As noted above, one of the reasons for the increasing consumption of rice was the greater ease of
processing and preparation as compared with the traditional cereals. Food scientists have been applying these
same techniques to sorghum and millet.
There has been a rapid growth of processors and
processed foods from sorghum and millet in the Sahelian countries, especially in Senegal but also in Mali
(Ouendeba et al., 2002). Some of those small-scale
food processors are even exporting to West Africans
in Europe and the United States. As with rice, the new
pre-processed millet products can be taken out of the
package and boiled for rapid cooking. Other similar
3 These observations are from field interviews with 19 farmers in
the Segou region of Mali between 1996 and 1997 and 14 farmers in
the Sikasso region of Mali in 2000. Similar issues of poor marketing
channels in basic food items hinder technology advancement in other
parts of sub-Saharan Africa.
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products have been developed, including sorghum for
parboiling with the consistency of rice. Sorghum and
millet have also been used in other processed forms,
such as baby-weaning formulas, cookies, and beer.
6. Growth of the poultry industry
Even bigger gains in the demand for cereals will
come with shifting dietary patterns for meat, especially
poultry. Urbanization and economic growth change the
nature of food demand from basic staple food crops
to a more diversified diet that includes more animal
products, fruits, and vegetables (Pingali and Rosegrant,
1995). Increased protein consumption, especially of
chicken and eggs, will require rapid increases in feedgrain consumption.
Experience in other countries has shown that innovations in production and consumption 4 technologies
have enabled the poultry industry to lead the growth
in fresh-meat production. Growth in poultry consumption has continued since the 1970s in the United States
while the consumption of other fresh meats has leveled
off or declined. Per capita chicken consumption passed
beef in the early 1990s to become the principal meat
consumed (USDA-ERS, various issues). This shift to
rapid growth of poultry consumption has now occurred
in middle- and lower-middle income countries, such as
Spain, Brazil, and Honduras. In Honduras from 1980
to 1994, poultry consumption increased by 8.6% annually (Sanders and Lopez-Pereira, 1996).
Intensive poultry production with confined feeding
has begun in several countries of sub-Saharan Africa,
including Senegal. Incomes are 50% to 100% higher
than in the other Sahelian countries (World Bank, 2003,
pp. 234, 235). Customs and food-use patterns are similar, so it is likely that other countries will follow
Senegal in these changing consumption patterns. 5
4 There also are substantial innovations on the consumption side,
as illustrated by the rapid growth worldwide of chicken-specialty
restaurants. The number of fast-food restaurants specializing in
chicken has accelerated in sub-Saharan Africa, particularly in urban Kenya, Botswana, and Zimbabwe.
5 One reviewer flagged the importance of other factors in determining consumption, such as infrastructure and market size. This
phenomenon of shifts to poultry is observed in countries and regions of sub-Saharan Africa with more rapidly increasing economic
growth, including Botswana, urban Zimbabwe, and Kenya. This type
of comparative consumption analysis over time seems to be very useful for sub-Saharan Africa.
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As incomes increase, developing countries have generally been unable to keep pace with the growth in feedgrain demand and have had to resort to imports. The
potential to capture the demand increase for sorghum
and millet in these emerging feed markets by producers
in the Sahel will depend upon their ability to compete
with imports and with other grain (e.g., maize) producers. As in Senegal currently, the preference of the
feed-grain mixers will generally be for imported maize,
which has a more guaranteed quality and availability
than either of the traditional cereals. Sorghum and millet are good animal feeds, so farmers can benefit from
locally produced cereals and reduced transportation
costs, as compared to importing maize. However, institutional changes supporting farmers in producing a
high-value, quality-controlled sorghum or millet that
can be reliably delivered to a feed mixer will probably
require formation of producer groups and even advance
contracts.
Milling requirements are different for the various cereals due to differences in grain size and polycarp. Also,
because the variability in grain size between farms and
years is greater in sorghum and millet than in maize,
some investments need to be made to adapt the machinery from milling only maize (B. R. Eddleman, 2001,
personal communication).
New institutions at the regional level will be needed
to facilitate, grade, and provide the required quality
control of the new feed source and assure fulfillment
of contracts at specified times. Producers’ associations
and cooperatives are increasingly common in the Sahelian countries but they need better and regular contacts
with the processors to understand the quality requirements and to make advance contracts.
Facilitating these contracts and information exchanges is expected to be much easier than raising
maize under semiarid conditions or paying the high
transportation costs for imported feed grains.

7. Farm-level model
Most discussions of semiarid agriculture get stuck
on the risk problem. Farmers’ tradeoffs between expected income and income variability are difficult to
measure, interpret, or confirm. Generally, there is difficulty in narrowing down the alternatives in a plausible
way based upon field observations. The farm-model
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sector presented here includes farmers’ expressed responses to risks. Farmers are first concerned with having a minimum cash flow at harvest and then sufficient
grain for food.
Based on farm interviews by Sidibé (2000), Vitale
(2001), and Abdoulaye (2002), a lexicographic utility
function was developed in which the household firm
first has a fixed-harvest-income objective, 6 then a foodsubsistence objective. When these two constraints are
satisfied, the firm maximizes profits.
Subsistence objectives are standard in modeling
low-income agriculture. Even more important, according to our farmer interviews in the Sahel, is the fixedincome requirement. These minimum income goals or
pressing cash requirements also have a long history in
farm modeling. Most farm modeling has treated one
or the other, subsistence or minimum income objectives. The two goals and their interaction are stressed
by farmers and in our modeling.
The harvest-income objective can override or be
more important than the subsistence-food objective.
In low-rainfall years, farmers are often so pressed to
attain their income goal that they will sell so much
grain that they have to find ways later in the year to
obtain sufficient food. They will expect to receive cash
or food transfers later in the year from relatives, or they
or their relatives can work more off-farm after the production season (Reardon, 1997). During Abdoulaye’s
(2002) farm interviews in Niger in the second year of
bad weather, sacks of maize sent by relatives from the
Ivory Coast were arriving in the village.
Among critical expenditures that have to be paid at
harvest time, farmers mention taxes; school expenses;
reimbursement of labor, including family labor (often
in the form of gifts for the wives); payments for credit
received during the growing season for pressing expenditures, such as medical costs; cash for younger
family members to migrate; naming ceremonies; and
weddings. These income objectives at harvest and the
price premium farmers forego by selling at harvest are
the basis of support for the recent development programs for inventory credit.
6 In later refinements of this modeling with more field data, the
harvest-income objective varies with the state of nature (Abdoulaye,
2002). Adjusting the harvest income goal is what we would expect
farmers to do. In adverse years, they would pay their family members
less, give fewer gifts to their wives as part of compensation, and even
defer getting another wife. In very adverse years, they would not be
able to pay for credit received.

A comparison of farmers’ actual activities was made
with model predictions for both our specification and
a more conventional risk model (negative exponential utility function). The lexicographic explanation of
farmer behavior worked as well or better than more
conventional risk models (Sidibé, 2000; Vitale, 2001).
The two objectives of harvest income and food consumption are apparently farmers’ responses to a risky
environment. Expected profits are reduced to assure
these goals.
A further adjustment is used to avoid farmers’ sacrificing too much profit to attain these goals. In the lowrainfall state (approximately 15% probability), shadow
prices to reach the two principal constraints can become so high that the income and consumption targets
need to be adjusted. Because farmers are expected to
make these adjustments, it is also done here. This iterative adjustment process responding to shadow prices is
explained in more detail in Vitale (2001). The different
technologies evaluated not only increase profits (inorganic fertilizers) but also reduce risks (water harvesting
with ridges and tied ridges).
The simplified model is laid out in the seven equations below.
Objective function:

Probk (Psik Qsik − cij Xij − Psik Bsik ).
Max.
i

j

k

(1)

Lexicographic goal 1. Satisfy the harvest-income
objective:

Phik Qhik ≥ Ik .
(2)
i

k

Lexicographic goal 2. Satisfy the household foodsubsistence objective:

(Qcik + Bik )Fi ≥ Ck .
(3)
i

These objectives are pursued subject to the following crop production accounting, supply identity, resource constraints, and resources available for food
expenditures:

Yijk Xij
(4)
Qpik =
j

Qpik = Qhik + Qsik + Qcik

(5)
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i

aijl Xij ≤ RESl

(6)

j

e
.
Psik Bsik ≤ Mkr

(7)

where X ij is the decision variable for quantity of crop
i planted using technology j; Y ij is the yield of crop i
planted using technology j; P hik is the price of crop i
during harvest period h in state k; P sik is the price of
crop i during the hungry season s in state k; Q hik is the
quantity of crop i sold at harvest in state k; Q cik is the
quantity of crop i consumed on-farm in state k; Q sik is
the quantity of crop i sold during the hungry period s in
state k; Q pik is the total quantity of crop i produced in
state k; Prob k is the probability that state i occurs; I k is
the farmer’s harvest-income target; C k is the household
cereal-subsistence target; F i is the percent contribution
of crop i toward satisfying cereal subsistence target; c ij
is the unit production cost of crop i using technology
j; B sik is the quantity of crop i purchased in market in
state k during the hungry season s; a ijl is the demand of
crop i planted using technology j for resource l; RES l
e
is the availability of resource l; and Mkr
is the resources
expected to be available for food in rainfall state k and
in income state r.
In objective function (1), there are nine states of
nature, varying with both total rainfall and variability
within the year (Vitale, 2001, pp. 353, 356). This division was based on an evaluation of historical rainfall
patterns. The model was solved for the best farmers
(15%) and for average farmers (40%) (based on fieldwork from Kergna et al., 1998). The best farmers are
expected to be leaders in innovation and average farmers are expected to follow. The below-average farmers
(45%) do not have a combination of the resource base,
the initiative, and/or knowledge to adopt the new technologies. Hence, only 55% of the farmers participate in
the technological-change process in the sector model
(Vitale, 2001, p. 241).
Because prices are lowest at harvest, farmers will sell
only what they absolutely need to attain their harvestincome goal. The shadow price on this constraint is the
rate of return to holding on to the crop and selling at
the price recovery or the percentage return (gross) on
inventory credit. 7
7 The return here on selling later needs to be adjusted for the costs
of storage and the interest on capital. In the semiarid region, with
the institutional support of doing storage on the village level, these
storage costs are reduced.
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In the subsistence-consumption equation, the shares
(F i ) of each component are held constant. The crossprice elasticities between cereals are zero in this
specification for attaining the subsistence goal. Equations (4)–(6) are standard for the production function,
an identity for the three uses of farm output, and the
resource constraints, respectively.
The resources available for food purchases (7) include the available cash for food purchases that the
farmer has going into the crop season and what he expects to earn later in the year for food purchases and
to obtain in remittances in cash (for food) and food
from his relatives. Food purchases will be most important in adverse rainfall years, when the farmer is
not going to be able to cover his subsistence requirements from his own production. The empirical estimate
e
here was for farmers’ expenditures for food in
forMkr
adverse years, based upon savings and expected earnings during the off season. In normal and good rainy
seasons, this income goal is expected to be higher but
less pressing in driving the model results.
Once technologies are identified that satisfy farmers’
behavioral requirements over all the relevant states of
nature, a principal barrier to continuing diffusion is the
price collapse resulting from the inelastic demand for
a staple commodity. This collapse often is a result of
good or even normal weather conditions and can be
aggravated by the introduction of new technologies.
The combined effect of technology introduction and
good weather conditions on prices and consequently
on adoption therefore requires the more aggregate perspective of the sector model.
8. Sector model
The farm models allow the evaluation of potential
diffusion and profitability of new technology at the start
of the introduction process. Over time, as more farmers adopt, prices decline. Price declines always benefit
consumers. Innovative farmers benefit from technological change when the price decline is less than cost
reduction from technological change. Unfortunately,
price collapses, which slow down or stop the diffusion process, can result in even early innovators losing
money, according to the farmers interviewed.
In developing countries, a substantial price collapse
when good weather is combined with successful technology introduction has been frequently observed. In
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Ethiopia, this price collapse occurred in maize in both
1996 and 2000 with both good weather and considerable success in introducing new technology. In 2000,
the Ethiopian farm-level maize price decreased from
150 to 20–30 Birr/quintal (8.31 Birr/$ in 2001, according to IMF, 2002) and provoked a farmer and public
policy crisis.
This price-collapse problem is handled with sector
analysis. Prices are endogenous to the model when
aggregate supply functions for the agricultural sector
(derived from aggregating the farm-level programming
results) are combined with aggregate demand for agricultural products. The sector model maximizes social
welfare as the sum of consumer and producer surplus.
It enables not only an estimation of the aggregate benefits of the technological change and demand changes
but also estimation of gains to various beneficiaries.
The farm-level model includes nine states of nature.
In the sector model, these are reduced to three. There
are adverse years (15% probability), 8 normal years
(61% probability), and good-weather years (24% probability). Model solutions always include all states of
nature. However, the sensitivity analysis with the price
variation is done for specific states of nature. Price collapses occur only in good-rainfall years but prices decrease slightly from the mean in normal-rainfall years.
For the supply function, farm programming models
are developed for four different regions (the SudanoGuinean, Sudanian, Sahelo-Sudanian, and Sahelian
zones 9 ) and two farm types (best and average farmers),
and encapsulated in the sector model. Farmers not participating in the technological change process (45%)
still provide their supply and respond to price changes;
this is done with point estimates. Then estimates are
made of the number of farmers in each category and
the results multiplied by an expansion factor to give
the supply side of the agricultural sector.
8 A further modification was made. For the very adverse years (9%
probability), the farmer expects food aid from donors and/or the
government; hence, this very adverse condition is excluded from his
planning process. This adjustment also reduces the tradeoff necessary in profits to obtain the harvest income and subsistence goals.
Notice that in these very adverse years, the tradeoffs would be the
largest. The problem of the realism of farmers sticking with these
subsistence and income (at harvest) goals to even obtain them in
very adverse years is then reduced.
9 The Sahelian agroecological zone is not mentioned in Table 1
because this is a very marginal zone with negligible crop production.
The rainfall levels are 200 to 350 mm/year at 90% probability.

The demand function is based upon summing
the demand functions for farmers, urban consumers
including 12 cities, and the processing industry. Perfect
substitution between sorghum and millet is assumed.
No substitution is allowed between the traditional and
new cereals. Two-thirds of the average cereal consumption of 212 kg/adult is of the traditional cereals (Kebe
et al., 2000; Coulibaly, B., 1999).

9. Data
On the supply side, technology components are obtained from field and experiment-station data and were
repeatedly discussed with technical personnel in the
region. The new technology options include higher
levels of inorganic fertilizer, improved water-retention
techniques, and new cultivars. Variations of all three
technologies are already available and being utilized
by the better farmers. These better farmers are using
some inorganic fertilizer and improved cultivars. Both
the best and average farmers employ ridging with animal traction for water retention. Further new cultivars
are being produced currently on the experiment station. Better water-retention techniques are available.
For technologies not yet on the farm experiment station, yields are discounted by 25% to account for the
less-controlled conditions found on farms (Coulibaly,
O., 1995; Vitale, 2001).
A moderate liquidity increase is necessary for purchasing more inorganic fertilizer. It can be generated
from the sales of small ruminants, from remittances,
or in a dynamic context from the profits of the previous year’s savings resulting from the initial use of
inorganic fertilizer. Because technologies are highly
divisible, they can be used gradually; liquidity is not
considered to be a critical constraint.
The inventory-credit programs provide the opportunity to obtain higher prices and increase liquidity.
In the last 2 years, a number of agencies—including
FAO, the World Bank, and the UNDP—have been employing inventory credit to enable farmers to achieve
harvest-income goals by lending money at harvest and
setting aside part of the harvest as collateral (Ouendeba
et al., 2002). The farmers or the cooperative representing them can sell the crop later, after the cereal price
has recovered, and repay the loan, interest, and storage
costs.

J. D. Vitale, J. H. Sanders / Agricultural Economics 32 (2005) 111–129

Geographic Information Systems (GIS) are used to
perform the aggregation required in “scaling-up” from
the embedded farm models to the regional markets. The
total cultivated area surrounding each of the primary
markets included in the model is estimated using the
Cropland Use Intensity data layer (FEWS, 1997). The
number of farmers within the market basin of attraction
is then calculated using household demographic data
(Vitale, 2001).
How does the demand shift, and where do the values for this critical shift of demand come from? The
pivotal point of 120 CFA/kg (exchange rate of 744
CFA/$ during 2001; IMF, 2002) is the initial estimate
at which sorghum becomes too expensive for alternative food and feed uses and other commodities are substituted. Above this point, firms cannot make a profit
on sorghum food processing or feed use. In October
2002, when millet prices were over 200 CFA/kg, many
of the processors stayed out of the market.
Empirical estimates of the own-price elasticity of
demand for sorghum/millet are −0.24 before the devaluation of 1994 and −0.63 after devaluation for urban
Mali (estimates from two surveys in 1993 and 1996,
respectively, in Coulibaly, B., 1999, pp. 50 and 51). A
1985–86 study of seven regional capitals in Mali found
an own-price elasticity of −0.53 for sorghum/millet
(Rogers and Lowdermilk, 1988 cited in Reardon, 1993,
p. 8).
When the sorghum price increases, urban consumers
reduce some of the quality components of their diet,
which are higher priced, to make sure that they get sufficient sorghum/millet (Coulibaly, B., 1999). At very
low prices with good weather, people can eat only
so much sorghum/millet. Alternative markets for processed foods and feed use are just getting started; they
are most developed in Senegal. In good-weather years
with the increased supply of all the alternative cereals and minimal alternative markets, a price elasticity
of demand of around zero (−0.05) seems to be most
appropriate for the model (also used in Roth’s sector model for Burkina Faso, 1986; Roth et al., 1991;
Savadogo and Brandt, 1988; Vitale, 2001, p. 234).
As incomes increase and people shift their diets to
higher-quality animal products, the income elasticity
of demand for livestock products is expected to be
around 1 (Johnston and Mellor, 1961). The derived demand with respect to income for livestock feed will
shift out with income growth. Consumption changes
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across countries with economic growth indicate substantial increases first in food processing of the basic
cereals and then with continued economic growth, a
movement into feed use of the basic grains. The demand curve would become more elastic with the increased alternative use of feed (and decreased use of
cereals as food with the dietary shift to higher quality). Also, there would be shifts outward from higher
incomes, changes in tastes, and greater substitutability among products for feed. This was simplified to an
increase of the price elasticity of demand (−0.9 used
here).
In the short run, the main ongoing change is the increased processing of sorghum/millet for human food.
It is necessary to evaluate how quickly this sector
evolves and its contribution to these price elasticities. The short-run estimate at the lower level of the
available empirical estimates was −0.25 and seems to
be conservative. The long-run estimate was consistent
with other countries but optimistic for the Sahelian
countries because of continued low rates of economic
growth experienced there.

10. Sector model: conceptualization of the
combined shifts and results
With the shift in supply from technological change,
price decreased substantially because of inelastic demand (Fig. 4). Consumers clearly benefit and producers lose if the area in E is greater than G. With
the combination of shifting supply resulting from new
technology and increasing demand caused by new processing, there is an increase of price from the initial
equilibrium p 0 to p 2 . With higher prices, producers
unequivocally benefit; there are positive and negative
effects for consumers. The change in producer surplus
is B+H 1 +H 2 +H 3 +F+G. Net consumer benefits will
depend upon the relative size of the two effects; the
reduction in consumer surplus from higher price plus
the new areas below the demand curve resulting from
the processor demand shift (I 1 +I 2 ).
The distribution of benefits between consumers and
producers is reversed when p 2 < p 0 . In this case, technological change reduces the price faster than demand
expansion can increase it (Fig. 5). There is an unequivocal gain for consumers and a potential loss for producers (F + G+H−B).
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Fig. 4. Changes in consumer and producer surplus with technology introduction and demand-expansion policies ( p 0 < p 2 ). Source: Vitale,
2001, p. 223.

There are three pairs of alternative cases of technological change and demand increase here: (1) with
and without new technology but no demand change;
(2) with new technology plus short-run demand expansion with and without increased liquidity; and (3) with
new technology with long-run demand expansion, with
and without liquidity increase.
Both good and average farmers shift into the new
technology, and incomes fall on both types of farms
with the lower cereal prices (Scenario B in Tables 4
and 5). The dynamics of the technology diffusion process are that the early and mid-period adopters make a
profit before the price has fallen too much. As the price
continues to fall, it is the late-adopters and nonadopters
who absorb the losses.
In the short-run demand scenario (C in Tables 4
and 5) with the introduction of new processed foods
using traditional cereals, consumer demand increases
rapidly enough to eliminate the negative price-decline

effect of new technology on farm incomes. Both the
farm areas in new technologies and farm incomes increase. In the long run, the substantial expansion in
demand depends on the increasing use of the traditional cereals as animal feed (Scenario D in Tables 4
and 5). From this demand increase, there is a further
increase in adoption of new technology and increase in
income.
Shadow prices for these demand-expansion scenarios indicate very high returns on additional investment
in fertilizers and new cultivars. If farmers modestly
increase their liquidity, adoption of new sorghum technology and farm income would increase further.
In the case of long-run demand expansion with liquidity increase, both types of farmers would shift to
a more intensive technology package that contains
higher fertilizer applications and a higher-yielding
water-retention technique—tied ridging rather than
ridging alone.
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Fig. 5. Changes in consumer and producer surplus with technology introduction and demand-expansion policies ( p 0 > p 2 ). Source: Vitale,
2001, p. 218.

Fig. 6 illustrates the various changes from technology introduction and demand expansion for the good
state of nature. 10 This is the most important production
period for demand expansion to have an effect. With
only the introduction of new technology (no demand
expansion), the price of sorghum decreases from 66 to
59 FCFA/kg and farm incomes decline (B in Tables
4 and 5). With the short-run demand expansion and
technological change, prices increase to 90 FCFA/kg
and farm incomes also climb (C and E in Tables 4 and
5). The extent of the increase in farm incomes depends
on the increases in liquidity. Consumption of sorghum
increase by 9% and 14% in the two liquidity cases
(C and E in Fig. 6).
For the long-run demand expansion with rapid introduction of sorghum as animal feed, the sorghum
price increases to 110 FCFA/kg in the limited liquidity
case and to 102 FCFA/kg in the increase liquidity case
10 As noted earlier, all solutions include all three states of nature.
This case is illustrated because the price decline is most pronounced
in the good (adequate rainfall) state of nature. There is also a slight
decline from the expected price in the normal state of nature.

(D and F in Fig. 6). Farm incomes increase further
(D and F in Tables 4 and 5), and consumption of sorghum increases by 10% and 18% (D and F in Fig. 6).
For the Sudanian zone, the gains to society from a
program to promote the introduction of new sorghum
technology would be considerable. 11 With only new
technology introduced (new sorghum cultivars and
inorganic fertilizer) and no demand expansion, the producers lose substantially (US$2.7 million ) and consumers gain, with a net welfare gain of US$4.2 million
(Table 6). The short-run demand increase scenario increases net welfare gains by 56% to US$6.5 million.
Producers now benefit because the price is increased.
Similarly, the increased price causes a loss for consumers (B in Fig. 4). This price decline is not offset
by the demand expansion (I 1 + I 2 in Fig. 4). If liquidity is moderately increased along with the short-run
demand increase, the total effect on consumer welfare becomes positive. The demand expansion effect
11 There will be some spill-over to the other two agroecological
zones. These gains are also included in the modeling and reported
in Table 6.
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Table 4
Best farmers’ technology adoption, crop portfolio, farm income, and constraints in response to new technology introduction in the Sudanian
zone under different demand and liquidity scenarios
Scenario∗

Description

A
Crop
Sorghum
Sorghum
Sorghum
Sorghum
Sorghum
Millet
Groundnut
Groundnut
Cowpea
Incomes
(+) Market sales (US$)
(+) Harvest-income requirement (US$)
(+) Home consumption (US$)d
Total expected income (US$)
(−) Harvest-income efficiency loss (US$)
(−) Food-subsistence risk premium (US$)e
Shadow values
Returns to purchased inputs (%)
Higher quality land (US$)

Technologya,b,c
Local-0-R
Improved 50-R
Improved-50-R
Improved-100-R
Improved-100-TR
Local-0-R
Local-0-R
Improved-100-R
Improved-100-D

Tech
Exist.
Exist.
New
New
New
Exist.
Exist.
Exist.
Exist.

B

C

Planted Area (ha)
0.0
0.0
1.4
0.0
n/a
0.9
n/a
0.0
n/a
0.0
11.0
11.7
0.0
0.0
1.0
1.0
0.7
0.5
1,210
150
1,405
2,765
75
163

D

E

F

0.0
0.0
2.1
0.0
0.0
11.7
1.0
0.0
0.3

0.0
0.0
2.5
0.0
0.0
11.3
1.0
0.0
0.2

0.0
0.0
2.0
0.0
0.5
11.5
0.3
1.6
0.5

0.0
0.0
0.0
1.5
1.0
11.5
0.0
1.9
0.6

1,175
150
1,293
2,618
75
105

1,319
150
1,616
3,085
75
26

1,476
150
1,784
3,410
75
56

1,452
150
1,489
3,091
75
0

1,748
150
1,686
3,584
75
0

590
0

298
24

371
45

<20
67

<20
89

a Technology

described by three items: seed variety type, quantity of cereal compound fertilizer (kg/ha), and soil-preparation technique.
refers to newly developed cultivars bred for conditions in the Sudanian zone that are set for release within the next 2 to 5 years.
c Two soil-preparation techniques, R and TR, refer to ridging and tied ridges.
d Home consumption valued at consumer market prices during the hungry period (August through October).
e Shadow price for the additional cost of obtaining the food-storage goal. It reflects both the transaction costs of finding and purchasing the
required food and whatever risk premium farmers are prepared to pay due to the uncertainty of being able to find the food for their subsistence
goals, hence their preference to produce it themselves.
∗ Definitions of the scenarios considered: T = 0 farmers’ technology levels; T = 1 new technology; D = 0 existing demand in year 2000;
D = SR short-run demand; D = LR long-run demand; L = 0 existing liquidity; L = 1 farmers increasing liquidity in response to higher returns.
b Improved

A
B
C
D
T=0 T=1 T=1
T=1
D = 0 D = 0 D = SR D = LR
L=0 L=0 L=0
L=0

E
F
T=1
T=1
D = SR D = LR
L=1
L=1

Source: Vitale (2001, p. 263).

of the processing then increases consumer surplus by
US$1.1 to 3.4 million (C and E scenarios in Table 6).
Similar increased income and net welfare effects result from long-run demand expansion when confined
poultry feeding increases rapidly.
11. Postscript on alternative
technology-introduction strategies
Many articles have compared investments in
marginal versus favored regions, with much of the emphasis for research resource allocation on the favored

regions (Byerlee and Morris, 1993; Fan and Hazel,
2000; Fan et al., 2000; Renkow, 1993, 2000). Recently, a consensus has emerged that technology is
presently available and profitable for semiarid regions
(Sanders et al., 1996; Sanchez et al., 1997; World Bank,
2003, p. 68). Programming results here also support
the potential benefits in terms of farm profitability and
social welfare of technology introduction into semiarid
regions.
There are many competing options for social investments so it is useful to compare the returns to
these technologies for the semiarid zones with similar
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Table 5
Average farmers’ technology adoption, crop portfolio, farm income, and constraints in response to new technology introduction in the Sudanian
zone for different demand and liquidity scenarios
Scenario∗

Description

A
Technologya,b,c

Crop
Sorghum
Sorghum
Sorghum
Sorghum
Millet
Groundnut
Groundnut
Cowpea
Incomes
(+) Market sales (US$)
(+) Harvest-income requirement (US$)
(+) Home consumption (US$)d
Total expected income (US$)
(−) Harvest-income efficiency loss (US$)
(−) Food-subsistence risk premium (US$)e
Shadow values
Returns to purchased inputs (%)
Higher quality land (US$)

Local-0-R
Improved-50-R
Improved-100-R
Improved-100-TR
Local-0-R
Local-0-R
Improved-100-R
Improved-100-D

Tech
Exist.
New
New
New
Exist.
Exist.
Exist.
Exist.

B

C

D

E

F

Planted Area (ha)
2.0
1.5
n/a
0.5
n/a
0.0
n/a
0.0
11.0
11.4
0.0
0.0
.8
0.0
0.8
0.0

1.1
0.9
0.0
0.0
11.1
0.55
0.0
0.3

1.1
0.9
0.0
0.0
11.3
0.35
0.0
0.2

0.0
1.2
0.3
0.5
8.7
0.47
0.0
0.5

0.0
0.8
0.5
.7
8.5
0.62
0.0
0.6

135
150
1,337
1,622
75
163

158
150
1,293
1,601
75
105

237
150
1,616
2,003
75
26

276
150
1,784
2,210
75
56

341
150
1,489
1,980
75
0

394
150
1,686
2,230
75
0

58

189
5

227
14

294
21

<20
53

<20
68

Notes: See Table 4.
Source: Vitale (2001).

technologies for the higher-rainfall zone. Introduction
of sorghum technology in the semiarid zone is compared with programs to introduce new sorghum and
maize technologies in the sub-humid zone. The main
150
S1: New technology

S0: Existing technology

S2: New technology
w/increased liquidity

Price (fcfa/kg)

120
D

90

F
C

D1L: Long-run
demand expansion

A
E

60

B
D1S: Short-run
demand expansion

30
D0: Existing demand

0
80

90

100

110

120

130

140

Percent of Aggregate Consumption

Fig. 6. Price and quantity responses to new sorghum technology
introduction under the different demand scenarios. Source: Vitale,
2001, p. 261.

difference between sorghums for the two regions is
the longer season length, hence higher yields for the
higher-rainfall zone. Maize is not grown in the semiarid zone, except for small areas contiguous with the
households, where human and animal waste products
are deposited.
Using the short-run demand expansion with increased liquidity, new sorghum technology introduction concentrating on the semiarid Sudanian zone
results in higher social returns than the alternative strategies of introducing sorghum or maize into
the sub-humid zone (Table 7). This was also true for
the long-run demand expansion scenario (Vitale, 2001,
p. 289).
The Sudano-Guinean zone has higher rainfall and
hence higher yields than the Sudanian zone. The
Sudanian zone has greater numbers of farmers and
areas of sorghum production. Even with conservative
assumptions about diffusion and yield increase, the
larger sorghum areas offset the climatic advantages of
the sub-humid zone.
With increased water availability, inorganic
fertilizers and new cultivars, sorghum yields can be
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Table 6
Impacts of new technology introduction in the Sudanian zone on changes in social welfare for producers and consumers under demand-expansion
and increased-liquidity scenarios (million US$)
Scenarioa,b

Item

∗B

C

D

E

F

surplusc

Producer
Sahelian
Sudanian
Sudano-Guinean

0.13
−1.03
−1.82

0.08
4.71
3.40

0.06
8.64
4.40

0.99
7.67
4.90

2.33
17.51
10.38

Total

−2.72

8.19

13.10

13.56

30.22

6.88
0

−3.58
1.87

−7.58
1.13

−2.58
3.42

−14.58
2.78

Total

6.88

−1.71

−6.45

0.84

−11.80

Social welfare

4.16

6.48

6.65

Consumer surplus
Staple-orientedd
Demand expansione

14.4

18.42

a The

model scenarios are defined as follows:
= 0 existing demand in year 2000; D = SR short-run demand; D = LR long-run demand; L = 0 existing liquidity; L = 1 farmers’
increasing liquidity in response to higher returns.
Definitions of the scenarios considered:
∗D

B
C
D = 0 D = SR
L=0 L=0

D
E
D = LR D = SR
L=0
L=1

F
D = LR
L=1

b Changes in consumer and producer surplus with respect to base conditions of existing technology, existing demand, and existing farmers’
liquidity.
c Producer surplus includes surplus from all three farmer groups: better, average, and poor.
d Includes urban consumers from all agroecological zones. The economic surplus of farmers’ home consumption of cereals is included in the
producer surplus.
e Component of consumer surplus from the short- and long-run-demand expansion scenarios.
Source: Vitale (2001, p. 256).

Table 7
Impacts of alternative technology introduction policies on social welfare changes for consumers and producers under short-run demand expansion
and farmers’ increased liquidity scenarios (million US$)
Item
Producer surplusa
Sahelian
Sudanian
Sudano-Guinean

New sorghum technology
in the Sudanian zone

New sorghum technology
in the Sudano-Guinean zone

New maize technology
in the Sudano-Guinean zone

0.99
7.67
4.90

1.00
3.52
5.62

0.87
1.89
4.96

Total

13.56

10.14

7.72

Consumer surplus
Staple-orientedb
Demand expansionc

−2.58
3.42

−3.01
3.12

−1.87
2.84

0.84

0.11

0.97

14.44

10.25

8.69

Total
Social welfare
a Producer

surplus includes surplus from all three farmer groups that were described in the data section.
urban consumers from all of the agroecological zones; farmers’ home consumption of cereals is not included in consumer surplus
but rather in the producer surplus.
c Component of consumer surplus from the short- and long-run-demand expansion scenarios.
Source: Vitale (2001, p. 28).
b Includes
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substantially increased in the lower-rainfall region.
This strategy of concentrating introduction efforts on
sorghum technology for the Sudanian zones also has
equity effects. Because farmers in the semiarid Sudanian zone have been largely left out of much previous
intensification activity, incomes are lower than in the
Sudano-Guinean zone.

12. Conclusions
With higher prices from either selling at different
times during the season or from demand expansion into
processing or feed in the better rainfall years, higher
input purchases are profitable, according to budgeting
and programming results. One currently popular strategy for increasing the profitability of intensification
activities is to enable farmers to avoid selling at the
post-harvest price low by providing inventory credit.
This credit is now being promoted by different agencies
in the Sahel. As a marketing strategy this is a temporary
gain because, as more farmers do it, the seasonal price
variation will disappear. Nevertheless, there appear to
be big gains; the introduction process is already ongoing. The public sector can accelerate it with extension
and encouragement to the financial sector.
A second step is to develop alternative markets for
food and feed for the traditional cereals to moderate
seasonal price collapses. This process of increased
consumption of processed basic food crops and the
shift from food grains to feed grains has occurred
in the developed countries and is proceeding in the
middle-income developing countries. The first part of
increasing demand for processed foods, including the
traditional cereals, is ongoing in the low-income developing countries.
Innovations for the processed food market of the
traditional staples have two components: (1) higherquality white sorghums and improved millets have
been developed by breeders and are available in the
Sahel; and (2) innovations in processing and preparation have been made for the traditional cereals by food
scientists. A wide range of processed traditional cereal
products with a convenience level similar to rice are
becoming available in urban areas.
Currently, the number of processors and the quantities of the traditional cereals (sorghum and millet) that
they purchase are increasing rapidly in the Sahelian
countries. Governments can facilitate this process by
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establishing good regulatory and legal environments
to encourage and protect both farmer cooperatives and
the new emergent sector of food processors.
Larger gains in demand shifts will come from an
expanding demand for feed grains. As incomes grow
sufficiently (within the next 5 to 10 years) in these
countries, there will be shifts in consumption from food
grains to animal products and the potential for rapid
growth of domestically produced feed grains. The new
higher-quality white sorghums and improved millets
developed for human consumers also have nutritional
advantages for animal feed. Public policy to plan for
and facilitate this process for the low-income countries
could reduce feed-grain import requirements. Quality
control and fulfilling contracts are new concepts among
farmers and processors, so the public sector should
not only encourage this evolution but also set up a
regulatory and legal framework to encourage both sides
to fulfill contracts.
In the long run with demand expansion and agricultural prices falling more gradually as technology
continues to be introduced, not only consumers but
also many innovating producers will benefit because
for many production costs will fall more rapidly than
prices. This gradual decline is a contrast with present
price collapses from a combination of good weather
and technological change. Storage programs designed
to reduce price fluctuation within years could also be
useful in moderating price fluctuations. To encourage
the continued introduction of new technologies, many
in the public sector need to become aware of the importance of farmers making money.
Clearly, the effects of demand expansion presented
here are preliminary estimates because the projections
for both future yields and diffusion will drive these results. Strategies should reflect both the costs and the
benefits of alternatives. Nevertheless, our preliminary
comparison of the strategy of introducing new sorghum
technology into the semiarid zone indicates higher social returns than the focus on either sorghum or maize
for the sub-humid zone. In public policy, it is important
to identify missed opportunities as well as build upon
previous successes.
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